
MHT Metll Halide 39W 

MHT Metil Halide 70W 

CMH Ceramic Meeal Halide 39W 

CMH C.eramic Metal Halide SOW 

CMH Cenmic Mdal Balide 70W 

CMH Cenunic Me1al Halide lOOW 

CMH Ceramic Metal HaJide tSOW 

:en 
Two7SW 
-- - :m 

Three7SW 
-- - :m 

two 7SW Halogen 
Three 6SW Ha1opn 

Three 7SW Halogen 

Three 90W HalopD 

Three 120W Halogen 
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6. Thome and Nadel, Commezcial Lighting Retrofits: A Briefing Report for Propana Implementers, American Council for an Energy· 

Efficient Economy, April 2003. 
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Lighting Systems (Non-Controls) (Early Replacement, Retrofit) 

EiilUse 

Descrtptlon 
This measure relates to the ins1allation of new lighting equipment with efficiency lbat exceeds that of the existing 
equipment This characteri7.ation could apply to measures such as compact ftuorescmt lamps (CFLs) and fixtures, 
linear tluorescent lamps and fixtures, linear fluorescent fixtures replacing high-intensity discharge (HID) fixtures in 
high-bay applications, high-intensity discharge (HID) fixtures, and delamping. This measure could relate to the early 
replacement of an existing unit before the end of its useful life or the retrofit of a unit in an existing facility. 

DeOnltton of Emdent Eflnlpment 
In order for this characterization to apply, the efficient equipment must have higher efficiency than the existins 
equipment. 

DetlDltton of Basellne Eflulpment 
'Ibe baseline equipment is the existing equipment before the efficient equipment is installed. Default assumptions of 
the baseline equipment are presented in die tables below. 

l>ftmed Calculation for this Measure 

Annual kWh Savings= (WA'ITSbase-WATISee) •HOURS* (1+WHFe)/1000 

Sommer Coincident Peak kW Savings= (WATI'Sbase- WAITSee) *CF* (1 + WHFd) / 1000 

Deemed Lltetlme of Emctent Eflulpment 
The expected measure life is dependent on technology type as below: 

MeasureT 
Screw-in CFL 
Hardwired CFL 
High Bay Fluorescent Fixture 
High Efficiency Linear Fluorescent Fixture 
Pulse Start Metal Halide 
Metal Halide Track Lighting 
Ceramic Metal Halide 
Delamping 

Lltettine 
3.2 years'05 
12 years4211 

15 years42d 
15 years424 

7 .5 yearsm 
15 years421 

1S~ears4'1J 
10 

m Kuiken et al, Focus on Bnagy Evaluation, Business Programs: Deemed savings Manual Vl.O, KEMA. March 22, 2010. 
Assumes 12,000 homs lamp lifetime with extended bum times per start typical in commercial applicatiODS. Assuming 3, 730 
8DDual ligbtiDg ope:ratiDg hours for Che commercial sector from Che source document, die lamp lifetime is calculated as: 12,000 I 
3 730 = 3.2 years 
di 2008 Database for Energy-Eflic:ienc:y Resources (DEER), Version 2008.2.0S, "E.tfectivelRemg Useful Life Values", 
ca1ifomia Public Utilities Commission,~ 16, 2008 
m The EomsY IndependeDce and security Act of2007 requiJes that as of Jaouary 1, 2009, mecal halide fixtures desiped for use 
witb lamps 2:UO W and S500 W must use "probe start" ballastB widl ballast eflkiesy 2:94% or °'pulse start" ballasts widl ballast 
eOiciency 2:88%. 'Ibis essentially means that new metal halide fixtures will utili7Je °'pulse start" technology. Assuming that tbe 
age oftbe existing equipment being replaced is half of the total expected lifetime for a metal halide fixture (7.S years), it is 
assumed that savings are only achieved for balf of tbe lifetime of the new .fixture at which point tbe customer would have bad to 
~ tbe iaefticieot technology wilb "pUlse start" tedmology negattq any savinp. 

EIBciency Vermont Teclmical R.efere:nce User Manual (TRM) Measure Savings Algorithms and Cost AssumptiODS, February, 
19,2010 
Gt Based on a miew of JDmUR life assumptions in OJegoD, California, and Iowa u pieseoted in Mlmll1'fl Life study, Energy & 
Resom\:e Solutions. November 17, 200S, delampina lifetime assumptions range ftom 9 to 16 years. The hip end or this range 
exceeds the assumed fixture lifetime and has been a<ljllsted down to a men conservative 10 years to re8ect expected persistence 
issues. 
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Dffmed Measure Cost 
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The actual liahting measure jnstallatioo cost should be used (includiq material and labor). 

Dffmed O&M Cost Adjustments 
O&M cost adjustments should be determined on a case-by-case basis. 

ColDddence Fador 
The summer peak coincidence filctor for this measure is dependent on building type as below: 

JiallCun• li .... p J". •. 

Food Sales 
Food Service 
HealthCare 
Hotel/Motel 
Office 
Public Assemblv 
Public Services (non-food) 
Retail 
Warehouse 
School 
Colletre 

Industrial 
c~ 

Exterior 
Other 

CalcalaUon of Sa\llnp 

Energy Savlqs 

' reJir • 
0.92 

0.83 

0.78 

0.37 

0.76 

0.6S 
0.64 

0.84 

0.19 
o.so 
0.68 

0.76 
i.oov• 
o.oou" 
0.6S 

REFERENCE SECTION 

&kWH = (WATfSbase- WATISee) •HOURS• (1+WHFe)/1000 

Wbm:: 
WATISbase =connected waaage of the baseline fixtures 

=Actual wattage of the existing equipment for early replacemeot application. If actual 
wattage is unknown. refer to the Baseline and Efficient Fixture Wattages Table in the 
Reference Table section. 

WATSSee = COIUlected wattage of the high efficiency fixtmes 
= Actual wattqe of the efficient equipment for early replacement application. If actual 
wattage is unknown. refer to the Baseline and Efficient Fixture Wattages Table in the 
Reference Table section. 

HOURS = total operating hours of the lighting. If actual site-specific value is unknown, assume 
default values depauteot on building type as below: 

430 Methodology adapted from KWkm et al, "State ofWISCODSin Public Savice Commission of WISCODSio Pocus on Energy 
Evaluation Business Prosiams: Deemed SaviDp Parameter Development", KEMA, November 13, 2009, a•nning summer 
coioc:ident peak period is defined as JUDe throup Au8WJl on weekdays between 3:00 p.m. and 6:00 p.m., unless otherwise noted. 
411 AssumptionCODSisteutwith8,760 operating hours assumption. 
432 Assumes that DO exterior ligbting is operatiJl8 during lbe SUIQIDel' on-peak cfemaDd period. 
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WHFe 

l / 1000 

9:..U-!aa--,.Tme 
- --

-
Food sales 
Food Service 
HealthCare 
Hotel/Motel 
Office 
Public Assembly 
Public Services (non-
food) 

Retail 
Warehouse 
School 
Collecre 
IDdus1ria1 - 1 Shift 
IDdus1ria1 - 2 Shift 
IDdus1rial - 3 Shift 
Exterior 
Other 

' B0Uii41' 
5,S44 

4.482 
3.677 
3.356 
3.526 
2,729 

3.425 
4.226 
3,464 
2.302 
3.900 

2.85"74'4 
4.730V> 
6,631"'° 
3.833"'' 

3.672 
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= lighting-HV AC Interation Factor for energy; this mctor represents the reduced electric 
space cooling requiremalls due to the reduction of waste heat rejected by the efticeot 
lighting. 
= 0.095 (interior fixtures), 0.000 (exterior fixtures)431 

=conversion factor from watts to kilowatts 

Summer Coloddeot Peak Demand Savlnp 
Ak.W =(WATISbase-WATTSee) •CF• (1+WHFd)/1000 

Where: 

WHFd = lighting-HV AC waste heat factor for demand; this factor represents the reduced electric 
space cooling requirements due to the reduction of waste beat rejected by the efficent 
lighting. 
= 0.200 (interior fixtures), 0.000 (exterior fixtures)G 

413 .K.uikeo et al, "State ofW'tSCODSin Public Service Commission ofWISCODllin Focus on Energy Evaluation Business Programs: 
Deemed Sevinss Parameter Development", KEMA, November 13, 2009, unless olbenvise noted. 
414 UI and CL&P Program saviDp Doc:umeotatioo for 2010 Program Year, United Dluminating Company, September 2009. 
mlbid. 
436lbid. 
417 Exterior ligbtiog 3,833 hours per year asmmes 10.5 hours per day; typical average for photocell c:ontroL 
• Intaactive factor data based on a series of prototypical small commercial building simulation runs. Values shown are 
weipted averages across &st food iestamaot, 1\111 .vice restamant. assembly, big box retail, small retail, small office, lisbt 
iodusCria1 and scbool building models. 1be protoeypes are based on the califomia DEER study prototypes, modified for local 
coastruction practices. Simulations were nm using 1MY3 weather data for the following Ohio cities: Cincinnati., Cleveland, 
Columbus and Dayton. Values were wel8fded based on program participation data for a small commercial program conducted in 
Indiana for Duke Energy. see All Evaluation of1be Indiana Small Commm:ial and IDdustrial Iacealive Program. Prepared by 
Tec:Market Worts for Duke Energy. June 2007. Buildioa prototypes used in 1be energy modeling are described in Appendix A -
~Building Energy Simulation Model Developmeot 
• rnteractive factor data based on a series of prototypical small commeicial buildiDg simulation nms. Values shown are 
weighted averages across fast food resbmlaDt, full service restamant. assembly, big box retail, small retail, small office, li8bt 
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CF = Summer Peak Coincidence Factor for measure - • ent on builclina tvne as below: I 

8 -"' 'l':Ylle ~ 
~ ~ 

CF"" 
Food Sales 0.92 

Food Service 0.83 
HealthCare 0.78 
HoteJ/Motel 0.37 

Office 0.76 
Public Assembly 0.6S 
Public Services (non-
food) 0.64 

Retail 0.84 
Warehouse 0.79 
School o.so 
Colleste 0.68 
Industrial 0.76 
~ 1.00'"' 
Exterior o.0<>442 
Other 0.6S 

Fossil Fuel Impact DescrlpUoos ud Calcalatlon 
MdMBhl = AkWh • IFMMlllD 

Where: 
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= ligbting-HV AC Intention Factor for gas heating impacts; this factor represents the 
increased gas space heating requirements due to the reduction of waste heat rejected by 
the efficent Jisbling. 
= -0.0028 (interior fixtures). 0.0000 (exterior fixtures) 443 

Water Impact Descriptions ud Cakalatton 
n/a 

iodustria1 and school building models. 1be prototypes • based on the califomia DEER study prototypes, modified for local 
constlUCtion practices. Simulatiom were nm using TMY3 weather data for tbe following Ohio cities: Cincimlati, Oeveland, 
Columbus 8lld Dayton. Values were weipted based on program participation data for a small commercial prognm CODdw:ted in 
Indiana for Dub Energy. See AD Bvaluation of the llldiaaa Small Commercial and Industrial Ioceimve Pro8f81D. Prepared by 
TecMatket Works for Duke EDel'BY· June 2007. Building prototypes used in the energy JDOdelin8 are desaibed in Appendix A • 
Prototypical Building Energy Simnlation Model Development 
440 Methodology adapted from Kuikea et al. "State ofWISCODSin Public Service Commission ofWJSCODSin Focus on e.rgy 
Evaluation Business Prosrams: Deemed Savinp Parameter Development", KEMA, November 13, 2009, assuming summer 
coincident peak period is defined as June tmoup August on weekdays between 3:00 p.m. and 6:00 p.m., unless otherwise noted. 
441 Assumption consistllnt with 8,760 operating hours assumption. 
442 Assumes that no exterior li8btiD8 is opcnting during tile summer on-peak demand period. 
.ca Intaac:tive factor data based on a series of prototypical small commercial buildiDg simulation runs. Values shown are 
weigbted avenges across filst food restaunmt, tb1l service restaurant, assembly, big box Ntail, small retail, small offk:e, light 
industrial and school building models. 1be prototypes me based OD the Califomia DEER study prototypes, modified for local 
construction practices. SimuJations were nm using TMY3 weather data for the following Ohio cities: CincinDati, Oeveland, 
Columbus and Dayt~ Values were weighted based on program padicipatioo data for a small commercial program coaducted in 
Indiana for Dulce Energy. See AD Evaluation of Cbe IDdiaDa Small Commercial and Jnclustrial Incentive Program. Prepared by 
Tec:Markd Worts for Dub Energy. June 2007. Building prototypes used in the energy modeling are described in Appeoclix A -
Prototypical Building Energy Simulation Model Development 
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Reference Tables 

Table 8: Base&ne and Efticient Fina.re Wattages 

f".·r..· .~ 

~-<~ :- ~~ -,_:- ,,-. ~~·~_. ":,_ _· L --:~.'·:_--._ : __ _. -~ !?#;. t• 

. (· .. j 
~; • • . :~ -.• -~. ~:- ~;- ~'. ~.: ~ ~: t ~.~ ;: ~->~ ~~ _·,.~ . =~ ~· ~Rt~~< f JE~~i:ir1xt1n:~ 
~-_ '._/-_. {~-"1Bi1Cliii~1;.,.,~ 2 ':L· : '._M-...r.ec,~ ' __ ... rE::::_ ~~· 'r;' ~~-•: ...... ~--~ 

~-- .,. i•-L ~· 

HisbBay T-5 46" Two Lamp High Outpm PJemoaic - PRS 
Hisbllay T-5 46" Tine Limp Higb Output E1ec:bonic - PRS 

ffi8bBay T .5 46" Four Lmlp Hi8b Output Electronic - IS 

HigbBay T-5 46" Six Lamp Higb Output Elecbonic - IS 

ffi8bBay T-5 46" Eiabt Lamp High Oulput Electronic- IS 
HigbBay T-5 46" Six Lamp ffiah 0uqut (2 Electmlic - IS 

F'DdUleS) 

HigbBay T-8 48" Two Lamp Vety High Ouqut Eledrmic- IS 

HiahBay T-8 48" Tine Lamp VfltY High Output Electronic- IS 

HigbBay T-8 48" Four Lamp VfflY l:ligb Outpat Ehmoaic-IS 
HigbBay T-8 41• Six Lamp VfftY Hiah Output Elednmic-IS 
HighBay T-8 48" P.i&bt Lamp VfflY High OUlplt Electronic • PRS 
HlgbBay T-8 48" PJabt Lamp VfltY High Output (2 Elec:trCJllic - PllS 

F'DdUleS) 

HEP T-8 24" One Lamp Elechmic 

HEP T-8 24" Two Lamp Electroaic 

HEP T-8 24" Tine Lamp Blednlnic 

HEP T-8 24• Four Lamp Electroaic 

HEF T-8 36" One Lamp ElomcJajc 

HEF T-8 36• Two Lamp Elechoaic 

HEP T-8 36• Three Lamp Blednlnic 

HEF T-8 36" Four Lamp Eleatmaic 

HEF T-848• One~28W Electronic • IS 
HBP T-8 48" Two ~28W Elec:trCJllic • IS 
HBP T-8 41• nu. Llmp-28W Blodranic - IS 
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ISOW Mm! Halide 

2SOW Metal Halide 

400WMml Halide 

400W Mm! Halide 

IOOOW Metal Halide 

lOOOW Melll Halide 

lSOW Mm! Halide 

ISOW Mm! Halide 

2SOW Mm! Halide 

400W Mm! Halide 

400W Melal Halide 

lOOOW Metal Halide 

T·l2 24" One Lamp 

T·1224"TwoLamp 

T-12 24" Tine Lamp 

T ·12 24• Four Lamp 

T·12 :W One Lamp 

T·l2 36• Two Lamp 

T-12 36" TlneLamp 

T-12 36• Four Lamp 

T ·12 48" One Lamp-ES 

T-12 48" Two Lamp.ES 
T· 12 41• Tine Limp-ES 

< ilmdeat '"'""'\ - - ..... - -· 

~- "l is ::: ·;~ j :&mdiilt · ..... -...... 
' l ~ I -.• ., - ..• -•· - ' .... -- -.: 

· w~• " 'Flit~ .·:JV--~ ';' I' ft ·: •Fbtue . ~lirllt ... - . .. -'- ~ 
'.· '()VA.'m'S · ':Waaqe : I 0\'At.r.ts · wattap sma11 

' .... ~ ........ :- \ .. _- e.1: ... .:s..ra,' l .... , - ' •soan. · ri.vatal ·- ,_ -
~A 117 4 190 3 73 

Mapetic-CWA 181 4 295 3 114 

Magnetic-CWA 234 3 458 3 224 
Magnetic-CWA 351 3 458 3- 107 

Mapetic-CWA 468 3 1080 3 612 

Magaetic-CWA 702 3 1080 3 378 

Magnetic-CWA n 4 190 3 113 

Magaetic>CWA 112 3 190 3 78 

Magoetic-CWA 151 3 295 3 144 

.Magoetic-CWA 226 3 458 3 232 

Mapetic>CWA 288 4 458 3 170 

Magaetic-CWA 516 4 1080 3 504 

Mlpetio-S'ID 18 3 28 3 10 

Magndic-STD 32 3 56 3 24 

Mapedc-STD so 3 62 3 12 

Mapetic-STD ~ 3 112 3 ~ 
Mapclio.s'JD 25 3 46 3 ?;g~ 
Mapetic-STD 46 3 81 3 ~~ 
Mapedc-STD 70 3 127 3 511 ,.., 

.... 'l' 

Mapetic-STD 88 3 162 3 
.,, 

I~ .!! 

~m 23.3 2 43 3 ;l! ~ 
Magaetic>ES 47 2 72 3 s.· ~ 
Mapetic-l!S (IJ!J 2 115 3 3: I! 
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; :~1or;,~~~ ·:~/, ~-~ .. ~··: .~:1~,~:»·./,:·.· ;:~f~·:] 1;-. ~-~-~~.l· ~:::~~ _ ;:· ~~~-,;:.;11i; : ;::~1: :.= I = :~:*• 
.1Meuue: 1; · :::.. __ 1E81cleD .. '· : •.. - _ :.....c..Biilliiil'~i · .J 'c, ~ · 91T:.amn1 • _ , •lut'!ISriM --', ee\ . ~-.Souree ,.;, _._.\ Source 'lWatts\ 

HEF T-848•FourLamp-28W • EleclroDic-IS T-1248"FourLamp-ES Magnelic-ES 92.6 2 144 3 Sl.4 

HEF T-848•0neLamp-2SW EleclroDic-IS T·1248"0neLamp-ES Mapetic-BS 22 2 43 3 21 

HEF T-848"TwoLam.p-2SW PJedrcaic·IS T-1248"Twol..amp-BS Mapdo-BS 41 2 72 3 31 

HEF T-848"1breeLamp-2SW PJeelrOaic-IS T·l248"1breeLmnp-ES Magnetic-BS 61.3 2 115 3 S3.7 

HEF T-848"Fourl..lmp-2SW Blecaanic-IS T-1248"FourLamp-ES Mapelic-BS 80.S 2 144 3 63.S 

HEP T-896"0neLamp Pleclronic·IS T·1296"0neLamp-BS Mapelic-SlD 58 3 7S 3 17 

HEF T-896"Twol.amp PleclroDic·IS T-1296"Twol..amp-ES Magnetic-BS 109 3 123 3 14 

HEF T-896"FourLamp PleclroDic-IS T-1296"FourLamp-ES Mapetic-BS 219 3 246 3 27 

HEF HJgbPerfCIDll8DClCT-848"0nel.amp Electroaic T-1248"0neLamp-ES Magnetic-BS 2S 6 43 3 18 

HEF HigbPerfbnmuaT-848"TwoLamp PJeclroaic T-1248"Two:tamp-E.9 Mapetio-BS 48 6 72 3 23 

HEF HigbPerfonnmceT-848"TbreeLamp BleclroDic T-1248"1breeLlmp.£S Mapetic-BS 73 6 115 3 43 

HEF Higb PerfClllDID.Oe T-8 48" Four Lamp Plectrcmic T-12 48" Four Lamp-ES Magnetic-ES 96 6 144 3 SO 

MHI' Mecal Halide 20W Two SOW Halcwm 23 l l 00 1 77 

MHJ' Melal Halide 39W Two 7SW Halogen 43 1 150 I 107 

MHI' Mecal Halide 70W Three 7SW Halogm 77 I 225 I 148 

CMH Cemmic Metal Halide 20W Two SOW Halogen 26 1 100 1 74 

CMH Ceramic Metal Halide 39W Two 7SW Halogen 45 1 150 1 105 

CMH Ceramic Melal Halide SOW 11uee 6SW H.alopn SS 1 195 1 140 

CMH CemmicMelalHalide70W 1bree7SWHalopn 79 1 22S 1 146 

CMH Cfnlllic Metal Halide lOOW 1bree 90W Halopn 110 1 270 1 160 

CMH Ceramic Metal Halide 150W Three 120W Halogen 163 1 360 1 197 

Delamp Nol.amp M.agndic>STD T-12 ll"OneLamp Magacllc-STD 4 TBD 19 3 I :ii: 

Delamp Nol.amp NoBallast T-12 IB"OneLamp Mapelic-STD 0 TBD 19 3 Iii~ 

Delamp Nol.amp Mapetic-S1D T-1224"0neLamp Magnelic.sTD 8 TBD 28 3 ~ O 

De1amp No Lamp No Ballast T· 12 24" One Lamp Mtpetic-sTD 0 TBD 28 3 _;. ~ ~ 

Delamp Nol.amp Magmtk>STD T-1236"0ne lamp Maplllic-sTD 16 TBD 46 3 ~; ';: 

Delamp No Lamp No Ballast T-12 36" One Lamp Mapedc-STD 0 TDD 46 3 ~4 f.'. 
Delamp Nol.amp M.agndic>STD· T-1248"0neLamp Mapedc-8TD 21 TDD 60 3 ~ ~ 
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Delamp Nol.amp NoBallllt T-12 48" One Lamp Mepetic-STD 0 TBD 60 
Delamp Nol.amp Mlpdio-STD T-12 60" One Lamp Mepetic-STD 13 TBD 63 
Delamp Nol.amp NoBallalt T-12 60" One Lamp Maptlic-STD 0 TBD 63 
Delamp Nol.amp Mlpetio-81'0 T-12 72" One Lamp Mepetic-STD 21 TBD 76 
Delamp Nol.amp NoBallalt T-12 Tl" On.el.amp Maptlic-STD 0 TBD 76 
Delamp Nol.amp Mlpetio-81'0 T-12 W One Lamp Mapelic-STD IS TBD 90 

Delamp Nol.amp No Ballast T-12 96" One Lamp Mapedc.sTD 0 TBD 90 

Delamp T-8 24" One Lamp Electn>Dic - IS T-8 24" Two Lamp P.lec:Uonic ·IS 16 TBD 33 

Delamp T-8 36" One Lamp Electnmic - IS T-8 36" two Lamp Eledlonic - IS 21 TBD 46 

Delamp T-8 48" One Lamp Electronic - IS T-8 48" Two Lamp Bledlonic • IS r1 TBD S9 
Delamp T-8 60" One Lamp Elecbonic- IS T-8 60" Two Lamp Eledronic - IS 32 TBD 72 

Delamp T-8 96" One Lamp Electronic - IS T-8 96" Two Lamp Eledronic - IS so TBD 109 

Sources: 
1. Efficiency Vermont Technical Refeience User Manual (l'RM) Measure Savings Algorithms and Cost Assumptions, Februmy, 19, 

2010 
2. Kuiken et al, Focus on Energy Evaluation, Business Programs: Deemed Savings Manual Vl .0, KEMA, March 22, 2010. 

trlxt• 
wau.ae 
Source 

3 

3 

3 

3 

3 

TBD 

TBD 

TBD 

TBD 

1BD 

TBD 

lBD 

3. 2010 S1Bndanl Performance C<BdractPIOcedures Manual: Appendix B: 2010 Table of Standard Yaxture Wattaps. Ver. 1.1, Southern 
Ca1ifomja F.dison. February 25, 2010. Web. Accessed June, 19 2010. <bttp://www.aesc
inc.com/downloadlSPCl2010SPCDocs/UnifiedManual/App%201Wo20Standard%20Fixture%20Watts.pdt> 

4. 2009 EPB Propam Downloads. Waaage Table 2009. Web. Accessed September, 26 2009. 
<JJttp://www.epelectricefticiency.com/downloads.asp?section=ci>. 

S. New Jersey Clan P.nergy Pmgram: Pro1Dcols tD Measure Resoume Savings. December 2007. 
6. Thome and Nadel, Commen:ial Lipting Reuofits: A Briefing Report for Program Implementers, American ColDlcil for an Energy

Efticient F.conomy, April 2003. 

Venton Date & Revision History 
Diaft: L - -- i 

Effective dare: 
End date: 
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Lighting Power Density Reduction (New Construction) 

Description 
This measure relates to the implementation of variom ligbting design principles aimed at aeating a quality and 
appropriate lighting experience while reducing wmecessary light usage. This is often done by a professiOlllll in a 
new construction situation. Teclmiques like maximiziq daylighting, task lighting, ligbling controls, and efficient 
fixtures are used to create a system of optimal functionality while reducing total lighting power density. 

Definition of Emdent Eqnlpment 
In order for this characterization to apply, this measure assumes the high efficiency equipment consists of a lighting 
systmi that exceeds the lighting power density requjremmts as mandated by the lntematiOlllll Energy Conservation 
Code (IECC) 2006, Table SOS.S.2. 

Definition of BaseDne Equipment 
The baseline efficiency assumes compliance with lighting power density requirements as mandated by the 
IDtematiOlllll Energy Conservation Code (IECC) 2006, Table SOS.S.2. 

Deemed Calculation for tbls Measure 

Annual kWh Savings= (WATISbase- WATISee) / 1000 *AREA• HOURS• (1 +WHFe) 

Summer Coincident Peak kW Savings=(WATl'Sbase-WATI'See)/ 1000 •AREA• (1 +WHFd) •CF 

Deemed illetlme ofEIBdent Equipment 
The expected measure life is measme is 15 years444

• 

Deemed Measure Cost 
The incremental capital costs for this measure vary by the assumed baseline and efficient equipment scenarios. 
Incremmtal costs by measme type are presented below: 

Colndclence Factor 
The summer peak coincidence factor for this measure is dependent on building type as below: 

-B. - ·· "' ,,11ftie •";'' [ er·. -
Food Sales 0.92 
Food Service 0.83 
HeabhCare 0.78 
Hotel/Motel 0.37 
Office 0.76 
Public Assembfv 0.65 
Public Services (non-
food\ 0.64 
Retail' 0.84 
Warehouse 0.79 
School o.so 

444 Measure LiR Report. Raidential and Commercia1/Indu Ligbtias and HV AC Measures, ODS Associates, June 2007. 
bm>:Jlwww.ctsaveseaergy.org/files/Measu20Life%20Report%202007.pdf 
"'Mdbodology adapted from Kuikeo et al, "State ofWUJCODBin Public service Commission of WISCODSin Focus on Energy 
Evaluation Business Prognms: Deemed savings P8iameter Devclopmeof', KEMA, November 13, 2009, assuming summer 
coincident peak period is defined as June tbrou8b August on wee1cdays between 3:00 p.m. and 6:00 p.m., ualess otherwise noted. 
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Calcalattoo of Savings 

E&el'IY Savings 

0.68 

0.76 
1.00 

Otha- 0.6S 

REFERENCE SECTION 
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AkWh = ((WATI'Sbase-WATISee) I 1000 •AREA• HOURS• (1 +WHFe) 

Where: 
WATI'Sbase447 = allowed lighting wattage per square foot based on enagy code requirements for 

building type; sec table below for values: 

BldlcOD• Area Tne. ~T,J.il.t1111r.Power DeosltY· <W/n2lr 
Automotive Facility 0.9 
Convention Center 1.2 
Court House 1.2 
Dining:Bar 
'""Im-"..;.,.,_ 1.3 
Dining: cafeteria/Fast 
Food 1.4 
Dinioa:Family 1.6 

Dormitorv 1.0 
Exercise Center 1.0 
Gvmoasium 1.1 
Healthcare-Clinic 1.0 
Hosoital/Healthcare 1.2 
Hotel 1.0 
Librarv l.3 
Manufilcturina: Facility 1.3 

Motel 1.0 
Motion Picture Theatre 1.2 
Multi-Familv 0.7 

Museum 1.1 
Office 1.0 - .. Garaae 0.3 . 
Peoiteatimv 1.0 - - Arts Theatre 1.6 A 

Police/Fire Station 1.0 
Post Office 1.1 

Rdiaious - .. .. 
1.3 

Retail l.S 
School/Universitv 1.2 

446 Assumption consistent with 8,760 operating hours assumption • 
..i Intenudional Bnagy Cooservation Code (IECC 2006) 2006, Table SOS.S.2, IDterior IJgbting Power Allowances 
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WATSSee 

1000 
AREA 
HOURS 

WHFe 

Town Hall 
T ·on 
Warehouse 
Works 

Power De 
1.1 
1.1 

1.0 
0.8 
1.4 
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= actual installed ligbbng watlage per square foot of die efficient lighting system for 
building type as determined by site-surveys or desip diagrams. 
= conversion factor (WI kW) 
= area of the building in square feet; detennined from site--specific information 
= 8111lual site-specific hours of opemtion of the lighting equipment; dependent on building 

as below: 

Food Service 4 482 
Health Care 3.6n 
Hotel/Motel 3 356 
Office 3 S26 
Public Assembl 729 
Public Services (non
food 

Warehouse 
School 2.302 

3900 
4745 

8760 
Other 3,672 

= lighting-HV AC lnteration Factor for energy; this filctor repleSCllts the reduced electric 
space cooling requirements due to the reduction of waste heat rejected by the efficent 
lisbtin8· 
= 0.09S (interior fixtures), 0.000 (extaior fixtures)450 

Sammer Cotoddeot Peak Demand Savtop 
llk.W = (WATI'Sbase-WATI'See) •CF• (1+WHFd)/1000 

Where: 

441 Kuiken et al. "State ofW'ISCOllSin Public Service Commission of W'JSCODSin Focus cm Energy Evaluaticm Business Programs: 
Deemed S8vinp Parameter Development", KEMA. November 13, 2009 
44P Assumes operation 24 boW'S per day, 365 days per year . 
.,., Intmdive factor data based on a series of prototypical small c:ommercia1 building simulation nms. Values shown are 
weighted averages across &st food restaunnt, fbll service nstaurant, as&embly, big box relail, small retail, small office, liaht 
industrial and school buildiq models. 1be pn>totypes are based OD the C8lifomia DEER study pn>totypes, modi:lied for local 
construction pnctices. Simulations were run using TMY3 weather data for the folloWina Ohio cities: Cincimlati, Oeveland, 
C.olumbus and Dayton. Values wae weigbled based OD propam participation data fbr a small commercial pmgram coaducted in 
IDdiaDa for Duke Energy. See An Evaluation of the Indiana Small~ and Industrial lDceDlive Program. Paeplfed by 
TecMadcet Worlcs for Duke P.neqy. June 2007. Building prototypes used in die energy modeling are described in Appendix A -
Prototypical Buildill8 Energy Simulation Model Development 
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WHFd = lighting-HY AC waste heat factor for demand; this factor represents the reduced electric 
space cooling requirements due to the reduction of waste heat rejected by the cfticent 
lighting. 
= 0.200 (interior fixtures). 0.000 (exterior fixtures)419 

= Summer Peak Coincidence Factor for measure 
Dependent on building type as below: 

CF 

B -- -· 'tne 
Food Sales 
Food Service 
HealthCare 
Hotel/Motel 
Office 
Public AssemblY 
Public Services (non-
food'\ 
Retail 
Waehouse 
School 
Colleae 
Industrial 
GarlUle 

Other 

FossU h•l Impact DescrlpUons and Cakalatloo 
TBD453 

Water Impact Descriptions and Calcalatton 
o/a 

DHmtd O&M Cost Adjustment Calculation 
o/a 

_, "~ 
0.92 
0.83 
0.78 
0.37 
0.76 
0.65 

0.64 

0.84 
0.79 
o.so 
0.68 
0.76 

1.004)2 

0.65 

Rl'ferenced Documents: "Draft TRM - C&I Buildinss Model Developmeotdoc" 

4'1 Methodology adapCed from Kuikeo et al, "Slate ofWllCODSio Public Service Commission ofWasconsin Focus on Energy 
Evaluation Business Programs: Deemed Saviap Parameter Development", KEMA, November 13, 2009, aauming summer 
coincident peak period is defined as June tbrou8b August OD weekdays between 3:00 p.m. aod 6:00 p.m., unless otherwise noted. 
m As8UmptioD CODSisteDt with 8,760 opaaq hours assumption. 
4.'3 'Ibis section pending fiutber infunuation from utilities reprding the energy simulation models used to derive the Hghtiq
HV AC interaction factors. 
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LED Case Lighting with/without Motion Sensors (New Construction; Retrofit -
Early Replacement 

DescrlpUon 
'Ibis measure relates to the iostallation of LED lamps with and without motion sensors in vertical display 
refrigerators, coolers, and freezers replaciug T8 or T12 linear fluorescent lamp technology. LED lamps should be 
systems intended for this application. LED lamps not only provide the same light output with lower connected 
wattages, but also produce less waste heat which decreases the cooling load on the refiigaation system and energy 
needed by the refrigerator compressor. Additional savings can be achieved &om the iDs1allation of a motion sensor 
which automatically dims the lighting system when the space is unoccupied. Retrofit projects must completely 
remove the existing fluorescent fixture encl connectors and baUasas to qualify. though wiring may be reused. 
Eliaible fixtures include new, replacement, and retrofit Savings and assumptions are based on a per door basis. 

DetlDHlon of Eftldent EqalplDfnt 
In order for this characterization to apply, the efficient equipment is assumed to be LED case lighting with or 
without motion seosors on refrigerators, coolers, and freezers - specifically on vertical displays. 

DefbdUon ofBasellne Equipment 
In order for this characterization to apply, the baseline equipment is assumed to be T8 or Tl2 linear fluorescent 
lamps. 

Deemed Calculatton for this Measure 

Annual kWh Savings = (WATISbase-WA'ITSee)/ 1000 • Ndoors *HOURS* (1 + WHFe) * 
ESFMC 

Smnmer Coincident Peak kW Savings= (WATI'Sbase- WATISee) / 1000 • Ndoors * {l + WHFd) *CF 

Deemed Lifetime of Emdent Equipment 
The expected measure life is assumed to be 8.1 years454• 

Deemed Measure Cost 
The incremental capital cost for this measure is S2SO per door {retrofit), aod $150 {time of sale, new 
consttuction)455• 

If a motion sensor is installed, add an additional cost ofS130 per 2Sft of case4Sll. 

Deemed O&M Cost Adjustments 
The stteam of baseline lamp replacement costs over the lifetime of the measure results in a Net Present Value457 of 
$22.96. This computes to a levelized annual baseline replacement cost assumption of$4.07. 

ColDddence Fador 
The summer peak coincidence filctor for this measure is assumed to be 92%4sa. 

4S4 Tbeobald, M. A, BmergiDg Teclmololies Program: Application Assessment Report #0608, LED Supermarket case Lighting 
Grocery Stme, Nortbem California, Pacific Gas and Electric COmpaoy, Jammy 2006. Assumes ammal operating hours of 6,20S. 
<htlp:/lwww.etcc-ca.comfunages/storieslpclf/ETCC_Report_204.pclt>. 1be lifetime of the motion sensors is assumed to be equal 
to tbe lifetime of lbe LED lipting. 
4» Based OD a rmew ofTRM iDcremeDCa1 cost assumptions from Oregon and Vennoot, supplemented witb completed project 
information from New York. 
4'11 "LBD Case Li&btiol With and Wltbout Motion Sensors" presentation, Michele Friedrich, PBCI, Jaauary 2010. 
m Using a discount rate ofS.7% (as is used for Bfliciency Vennont). Assumes baseline ballast life exceeds the life of the LED 
assembly. 
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Calculation of Savtap 

Enel'IY Savbag.s 

Where: 

.M:Wh = (WATTSbase- WATI'See)/ 1000 • Ndoors •HOURS• (1 + WHFe) • ESFwc 

WATTSbase 
WATI'See 

= CODDeCted wattage per door of the baseline fixtures; see table below for default values. 
= CODDected wattage per door of the high efficiency fixtures 
= Actual iDstalled. If actual installed wattage is unknown, see table below for default 
values. 

LED RefHpnted Case Lllbtln1 System BasellDe aad Eftklent Wattages• 

Typeol 
Mm1li'e 

1000 
Ndoors 

HOURS 

WHFe 

Ellldeat . 

S' LED Case 14btiD1 System S' T8 Case LiptiDa SJ*m 

6' LED Oise Ligbting System 
6' T12HO ~ LiptiDa 

System 

= conversiOD factor from watts to kilowatts 
= number of doors 
= Actual installed 

UldeDt 
·ilmn 
waua.e 
(WA'Pl'S 

38 

46 

....... 
nm.re naare Waltql 
~ (WAT-I'S .... 

16 38 

112 66 

= annual operating hours; assume 6.205 operating hours per year41111 if actual operating 
hours are unknown 
= Energy Savings Factor; additional savings pm:entage achieved with a motion sensor. 
Assume a value of 1.0 if no motion sensor is installed, or 1.43 if motion sensor is 
iDstalled. 4411 

= waste beat factor for energy to aca>UDt for cooling savings from efficient lighting. For 
prescriptive reftigerated liftina measures, the de&ult value is 0.41 for reftigerated space 
and 0.52 for freezer space . 

Summer Coluddmt PHk Demand Savlop 

49 Methodology adapted fiom Kuiken et al. "State ofWiscoasin Public Service Commission ofWUICODSin Focus on Energy 
Evaluatioo Business Prop'ams: Deemed Saviap Paramete.r Development", KE.MA. November 13, 2009, assnmins summer 
coiaddent peak period is defined as .June tbrou8b August on weekdays between 3:00 p.m. and 6:00 p.m., unless otherwise noted. 
49 From Pacific Gas & .E1edric 'LED Refii& LiBbtias ER.CO_ Talking_Points _ v3.pd£' The efficient wattage, 38 and 46 watts, 
are the maximum allowed watts for a S-foot and 6-foot LED tefiigented case uptiq system tbat meets the efficiency 
soecifications of the Desipllpta Comortium. 
4aD Tbeobatd, M A., Bmeqpng Technologies Program: ApplicationAl!SeSS!!!e!!f Report #0608, LED Supemllllket Case LiBbtiog 
Orocery Store, Northern C8lifomia. Pacific Gas and Elccbic company, January 2006. Assumes refiigerated case lighting 
typically operates 17 boun per day, 365 clays per year. 
<bttp:/lwww.etcc-ca.comlimageslstories/pdf/BTCC _Report _204.pdf> 
461 D. Bisbee, sacramento Municipal Utility District. "Olstome:r Advanced Teclmologies Program Technology Evaluation 
~LED Freezer Case Ligbting Systelm", July 2008. 
- Values adoptecl fiom Hall. N. et al, New Yolk Staadanl Approach for Estimatias Bnergy savings fiom Energy Efticiency 
Meuures in Commercial and IDduslria1 Programs, TecMalket WOJts, September I, 2009. 1bis filctor is a candidate fiom future 
~ustmeot due to climatic difmeoces between Ohio and New YOik. 
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AkW = (W ATISbase- WATI'See) / 1000 * Ndoors • (1 + WHFd) * CF 

Where: 

WHFd = waste heat tictor for energy to account for cooling savings :from efficient lipting. For 
prescriptive re1iigemted ~ting measures, the de&ult value is 0.41 for reftigerated space 
and 0.:52 for freezer space . 

CF = Summer Peak Coincidence Factor for measure 
= 0.92- (lighting in food sales) 

Fossil Fuel Impad Descriptions and CalcolaUoo 
n/a 

Water Impact DescrlpUons and CalcolaUoo 
n/a 

Deemed O&M Cost Adjustment Calcoladoo 
The stream of baseline lamp replacement costs over the lifetime of the measure results in a Net Present Value465 of 
$22.96. This computes to a levelizcd annual baseline replacement cost assumption of$4.07. 

Baseline Lamp Cost: 
Baseline Lamp Life: 
Baseline Lamp Labor Cost: 

$4 
12,000 
$5.00 (lS min@ $20 per hour labor) 

48 Vllues adopted from Hall. N. et II, New Yodt standmd Approach fur Estimating Energy Saviop from Energy Eflideocy 
Measures io CommeR:ial and IDdustrial Protp'llDS, TecMalbt Wotb, September I, 2009. 11lis factor is a candidate fiom future 
f1ustment due to climatic: diffaeoces between Ohio and New Yodt. 

Medlodology adapled from Kuiken et II, "State of W'ISCODSin Public Service Commission ofW'asconsio Focus on P.oergy 
Evaluation Business Propams: Deemed Saviop Parameter Development", KEMA, November 13, 2009, assuming summer 
c:oiocident peak period is defined as June througb Aupst on weekdays between 3:00 p.m. and 6:00 p.m., unless otbelwise noted. 
485 Using a discoum rate of S. 7% (as is used for Bfficimcy Vermont). Assumes baseline ballast life exceeds the life oftbe LED 
assembly. 
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LED Exit Signs (Retrofit) 

Description 
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These exit signs have a string of very small, typically red or srem, glowing LEDs arranged in a circle or oval. The 
LEDs may also be arranged in a line on the side, top or bottom of the exit sip. LED exit signs provide the best 
balance of safety, low mainteoance, and very low CDersY usage compared to other exit sign technologies. 

Delblldoo or Emdeat Equipment 
The efficient equipment is assumed to be an exit sign illuminated by Jisht emitting diodes. 

DtollDltloa or Basellne Equipment 
The baseline equipment is assumed to be a fluorescent model. 

Deemed Sal'lap for this Measure 

Annual kWh Savings =83kWh 

Summer Coincident Peak kW Savinss =O.OlOkW 

Deemed Lifetime orEmdeat Equipment 
16 years'* 

Deemed Measure Cost 
$30'167 

Deemed O&M Cost Adjustments 
The stream of replacement costs over the lifetime of the measure results in a Net Present Value of $59. This 
computes to a levelized annual baseline replacement cost assumption of$6.04.468 

Cobtctdeoce Fador 
The summer peak coincidence filctor for this measure is assumed to be 100%48. 

REFERENCE SECfiON 

CakalaUoa of Sal'lap 

EoeflY Savlap 

~WH =kWs-xHOURSxISRxWHFe 

Where: 
kWs- = The difference in connected load between baseline equipment and efficient equipment 

=0.0094"10 
HOURS = Annual opaatiug homs 

4'112008 Database for Enqy-Eflicienc:y ltesotftes (DEER), Version 2008.2.0S, "Etfec:tive/Remaiaing Useful Life Values", 
California Public Utilities Commission, December 16, 2008. 
4111 NYSERDA Deemed Savings Database, Labor cost assumes 2S minutes @ $18/br. 
461 1bis calculation assumes a replacement baseliae CFL costs S4 witb an estimated labor cost of SS (8S"nn"'8 20Slbour and a 
task time of IS minutes). Lamp life is appioximated as 2 years. UAuning a 16,000 bour lamp life operatiq 8, 760 hours per year. 
48 Asmnning continuous operation of an LED ait sign, tbe SUmmer Peak Coincidem:e Factcr is assumed lo equal 1.0. 
410 Bfticiency Vermont Teclmical Reference User Manual (TRM) Measure Savings Algorithms and Cost AssumptiODS, February, 
19,2010 
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ISR = In service rate, the percentage of rebated units that are actually in service. 
=98%471 

WHFe =Waste heat factor for energy; accouots for cooling savings from efficient lighting. The 
detilult value for this measure is l.08 (calculated as (1 + (0.5•0.412.5))). Based on the 
assumption that 50% of spaces have mechanical cooling, with a typical 2.5 C.O.P. 
coolirur system efficiency and 0.4 ASHRAE I.ipting waste heat cooling factor for 
Obi~ 
= l.08 

Summer Coloddeot Peak Demaad Savbap 

Where: 

ISR 

AkW =kWSnexISRxWHFd 

= In service rate, the percentage of rebated units chat are actually in service. 
=98%473 

kWs- =The dift'amce in connected load between baseline equipment and efficient equipment 
=0.009474 

= Waste heat factor for demand to account for cooling savings from efficient lighting. 
For prescriptive measures, the defilult value for this measure is 1.17 (calculated as (1 + 
(O.S • 0.85 / 2.5))). Based on the assumption that 50% of spaces have mechanical 
cooling, with a typical 2.5 COP cooling system efficiency and assuming 85% of lighting 
heat needs to be mechanically cooled at time of summer peak.47s 
= 1.17 

Fossil Fuel Impact Descrlptlou and Calculation 
u/a4M 

Water Impact Descriptions and Calcalatlon 
n/a 

Deemed 08cM Cost Adjustment Calcalatton 
The stream of replacement costs over the lifetime of the measure results in a Net Present Value of $59. 'Ibis 
computes to a lcvelized annual baseline replacement cost assumption of $6.04.477 

471 lbid. 
en "Calculating Lipting and HV AC llderaclioas", Table l, ASHRAE 1oumal, November 1993 
473 Efficiency Vermont Teclmical Refenmce User Manual (TRM) Measure S8viDp Alplbms and Cost Assumptions. February, 
19, 2010 
474 Bflicieoc:y Vermont TRM 
475 "Calculating Lipting and HV AC Interadions", Table 1, ASHR.A.B Joumal. November 1993; source assumes that 80% of 
~beat offsets beating requlremeols. and 9096 of lighting beat oeecls to be mecbanically cooled. 

Pendiq additional iDfonoation from utilities qprdiDg tbe modeled waste beat &c:tors for commerdal lighting. 
4TI This calculation assumes a replacemeDt baseline CPL costs S4 with an estimated labor cost ofSS (wnmlng 20Sl1lour and a 
task timeoflS minutes). Lamp life is approximated as 2 years. 1m1gninga 16,000bourlamp life operating 8,760 hours per year. 
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Traffic Signals (Retrofit) 

Descrlpttoo 
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Traffic and pedesttian signals are illumiuated with light emitting diodes (LED) instead of iocandescent lamps. 

Deaotttoo of Etlldeot E41olpment 
Refer to the Table titled 'Traffic Sigoals Technology :Equivaleocies' for efficient technology wattage and savings 
assumptions. 

Deaottton ofBaselloe Equipment 
Refer to the Table titled 'Traffic Sipals Technology :Equivalencies' for baseline efficiencies and savings 
assumptions. 

Deemed Savlop for tbls Measure 

Ammal kWh Savings 

Summer Coincident Peak kW Saviup 

= CWa-- WrJt) x HOURS/ 1000 

= CWa-- WrJt) x CF/ 1000 

Deemed Lifettme ofEmdeot E41alpment 
The asSlUlled lifetime of an LED traffic sigoa1 is 100,000 hours (manufacturer's estimate), capped at 10 years. 471 The 
life in years is calculated by dividing 100,000 Im by lhe annual operating hours for the particular signal type. 

Deemed Measure Cost 
The actual measure installation cost should be used (including material and labor). 

Deemed O&M Cost Adjustments"" 
Because LEDs last much longer than incandescent bulbs, LEDs offer ope.ration and maintenance (O&M) savings 
over the life of the lamps for avoided replacement lamps and the labor to install them The following assumptions 
are used to calculate the O&M savings: 

Incandescent bulb cost: $3 pa bulb 
Labor cost to replace incandescait lamp: $60 per signal 
Life of incandescent bulb: 8000 hours 

Colocldeoce Factor"" 
The summer peak coincidence factor (CF) for this measure is dependent on lamp type as below: 

Lamo TYDe ~·-
, 

~er 
Red Balls, always changing or 0.55 .. -.. 
RedAnows 0.90 
GreenAm>ws 0.10 
Green, always ch•oging or 0.43 - -. 
FIHhinR Yellow 0.50 
Yellow 0.02 

471 ACEEE, (1998)..4 Ma11ad 'Traneformallon Opporlunlty As3avmentfor LED Trqf/lc Signals. b!tp;//Www.seel.gg/ROY/ledlJed
~/ff'!(Ued,pclf 

EflicieDc:y Vermont Teclmical Reference User Mamlal (mM) Measme Savings AJaori1bms and Cost Assumptions, Febmuy, 
19, 2010 
.,Ibid 
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0.1S 
0.21 

REFERENCE SECl10N 

CalcalattonofSavlop 

Energy Savings 

AkWh = CWtme - Wdl) x HOURS/ 1000 

Where: 
Wime =The connected load of the baseline equipment 

=see Table •Traffic Signals Teclmology Equivalencies' 
W • =The connected load of the baseline equipment 

= see Table •Traffic Sipls Technology Equivalencies' 
EFLH =annual operating hours of the lamp 

= see Table 'Traffic Signals Technology Equivalencies• 
1000 =conversion factor (WlkW) 

For example, an 8 inch red, round signal: 

AkWh = ((69 - 7) x 4818) / 1000 

=299kWh 

Summer Cotnddeut Peak Demand Savlnp 

AkW = CW11ae-Wdl)x CF/ 1000 

Where: 

W1r11e = The counected load of the baseline equipment 
=see Table 'Traffic Sipals Technology Equivalencies' 

W • =The counected load of the baseline equipment 
=see Table 'Traffic Signals Teclmology Equivalencies' 

CF = Summer Peak Coincidence Factor for measure 
= 

CF 
o.ss 

Red Arrows 0.90 
Green Am>ws 0.10 
Green, always changing or 0.43 

For example, an 8 inch red, round signal: 

AkW = ((69 - 7) x O • .SS) / 1000 
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=0.034lkW 

FossU Fuel Impact DescrtpUoos and Calcalattoo 
Dia 

Water Impact DescrtpUoos and CalcalaUoo 
n/a 

Reference Tables 

Tnftic Siimals Technolnav I!.. uiwlencies 
,- ._ . ., .,.,. 

~ 
I\ Trafllc " Dndent ii 1l1Dare FUture Stf.e ~~ •. 'TYDe and.1€olor _,, ~. 

RDund 
Simals 8"~ LED IDcandesceot 
Round 
Sianals 12"~ LED IDcaodesceot 

Flasbina 
SU:mal 8"~ LED IDcandescent 

FJasbins 
SianAI 12"~ LED IDcaodescent 

Flashing 
SU:mal 8"Yellow LED IDcandesc:ent 

FJasbins 
SianAI 12"Yellow LED Incandescent 
Round 
SU:mals B"Yellow LED IDcandesceot 
Round 
Sianak ll"Yellow LED IDcandescent 
Round 
SU:mals 8"Green LED Incandescent 
Round 
SU:mals 12"Green LED IDcaDdescent 
Tum 

Anows 8"Yellow LED Incandescent 
Tum 

Arrows 12"Yellow LED Incandescent 
Tum 

Aaows 8"Greeo LED Incandescent 
Tum 

Anows 12"Grecll LED Incandescent 
PedesttiaD 

Sitm 12" HaodlMan LED Incandescent 

~ 

~ 
I• Emdeot 

FJmre 
1

BOURS· 1

' Watta1e 

4818 7 

4818 6 

4380 7 

4380 6 

4380 IO 

4380 13 

17S 10 

175 13 

3767 9 

3767 12 

701 7 

701 9 

701 7 

701 7 

8760 8 
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{ Basellile Energy• 
Fnture Sa\1iljl 
Watt.ft :imkWlil 

69 299 

lSO 694 

69 272 

150 631 

69 2S8 

ISO 600 

69 10 

ISO 24 

69 266 

150 520 

116 76 

116 1S 

116 76 

116 76 

116 946 

Reference specUlc:atlons lor above tramc dpal watta1es are from the loUowtng manalacturers: 
1. 8" Incandescent traflic sipal bulb: Geoenl Electric Traffic Signal Model 1732S-69A21fl'S 
2. 12" IDcandesceot traflic sipal bulb: General Electric Signal Model 3S327-1SOPAR46/TS 
3. IDcandescem .Am>Ws & Hand/Mao Pedestrian Signs: General Electric Traffic Signal Model 19010-

116A2lfl'S 
4. 8" and 12" LED traflic signals: Leotek Models TSL--ES08 and TSL-ES12 

• Teclmical Reference Manual for Pamsylvaoia Act 129 P.nergy Bfliciem:y and Conservation Program aad Act 213 Altemative 
F.nSBf Portfolio standards. Peaasylvaoia Public Utility Commission. May 2009 
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S. 8" LED Yellow Am>w: General Elecbic Model DR4-YTA2-01A 
6. 8" LED Green Arrow: General Electric Model DR4-GCA2-01A 
7. 12" LED Yellow Arrow: Dialight Model 431-3334-00lX 
8. 12: LED Green Anow: Dialight Model 432-2324-00lX 
9. LED Hand/Man Pedestrian Sign: Dialight 430-64S().-001X 
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Light Tube Commercial Skylight (Time of Sale) 

DescrlpUon 

-End use 
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A tubular skylight which is 1 O" to 21" in diameter with a prismatic or traoslucmt lens is installed on the roof of a 
commercial facility. The lens retlects light captured from the roof opening tbro1J8h a highly specular reftective tube 
down to the mounted fixture height When in use, a light tube fixture resembles a metal halide fixture. Uses inchade 
8fOCC!Y, school, retail and other single story commercial buildings. 

DeflDIUoo ot.Ealdent Equipment 
In order for this characterization to apply, the efficimt equipment is assumed to be a tubular skylight that 
concentrates and directs light from the roof to an area inside the facility. 

Delbdtton otBaseUoe Equipment 
The baseline equipment for this measure is a TS Fluorescent Lamp with comparable luminosity. The specifications 
for the baseline lamp depmd on the size of the Light Tube being installed. See Table 'kW/fixture Calculation 
Table' in the Refen::nce Tables section for details. 

Deemed Sal'lllp for this Measure 

Annual kWh Savings =kWrx2400 

Summer Coincident Peak kW Savings = NumFixtures x kW1x 0.7S 

Deemed LU'etlme of Emdent Equipment 
The estimated useful life for a light tube collllllelCial skylight is 1 O years482 

Deemed Measure Cost 
If available, actual incremental cost should be used. For analysis pwposes, assume an incremental cost for a light 
tube cOOUllercial skylight is $S00413 

Deemed O&:M Cost Adjustments 
JJ/a 

Coincidence Factor 
The coincidmce factor for a light tube commm:ial skylight is 0. 1S. This was determined by taking the average of 
several building types for the 4p-Sp peak period. 414 

REFERENCE SECTION 

CalcolaUon of Savlnp 

Eneray Sal'lnp 

AkWh = kWrx EFLH 

Where: 
kWt = kilowatts saved per fixture 

Cl2 F.qual to the manufactunn sCaodard warranty 
411 Based on a review of available manufactuftr pric:ing information 
• RLW Analytics. Coincidence Factor Study· Residential and ~ial Industrial Lighting Measures. Spring 2007. 
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= See table below 
EFLH =equivalent full load hours 

=2400 

For example, 3 light tubes iDs1alled: 

llk.Wh = 3 x 0.129 x 2400 

=928.8kWh 

Summer ColDddent Peak Demaod Savings 

llk.W = NumFixtures x kWtX CF 

Where: 

Ilk.Wt =kilowatts saved per fixture 
= See table below 

CF = coincidence factor 
=0.75 

NumFixtures =number of fixtures being installed 

For example, 3 light tubes iDscalled: 

/lk.W = 3 x 0.129 x 0. 75 

=0.29kW 

Fossil Fuel Impart Descriptions and Cakolatton 
o/a 

Water Impact Descriptions and Calculation 
o/a 

Deemed O&M Cost Adjustment Cakulatlon 
o/a 

Rf'fettnce Tables 

kW/fixture Ollcolation Table: 

Brand/size Lumeo. Output415 

Solatube 21" 

14" 

10" 

13,500-20,SOO 

6000-9100 

3000-4600 

F.quivalent Fixture 

2-3LF32T8 l 72W 

l-3LF32T8 

3-18Wquad 

AVERAGE 

kW 

0.172 

0.086 

0.054 

0.129 
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kWh 

481.6 

240.8 

151.2 

361.2 

415 SoJalUbe Test Report (200.S). http://www mainegreeobuilcling.com/fileslfile/solalubelstb _lumens _ dalasbeetpdf 
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ENERGY STAR Room Air Conditioner for Commercial Use (Time of Sale) 

8"crlpUon 
This measure relates to the purchase and ioslallation of a room air conditioning unit that meets either the ENERGY 
STAR.• or Consortium for Energy Efficiency (CEE) Super-Efficient Home Appliances Initiative (SERA) Tier 1417 

miojm11m qualifying efficiency specifications. in place of a baseline unit meeting minimum Federal SllDdard 
efficiency ratings. Applicable units are with and without louvered sides, without reverse cycle (i.e., heating), and 
casement 

Detbdttoa ofEmdent Equipment 
To qualify for this measure the new room air conditioning unit must meet either the ENERGY STAR or CEE SEHA 
Tier 1 efficiency standards. 

Detbdttoa of BaseUae Equipment 
The baseline assumption is a new room air conditioning uoit that meets the current mjojmnm federal efficiency 
standard. 

Deemed Calcalattoa for tbls Measure 

Annual kWh Sa~ =(CAP)• [(1/EERbase)-(1/EER.ee)] • EFLH 

Summer Coincident Peak kW Savings= (CAP)• [(llEERbase)-(1/EERee)] • 0.74 

Deemed Ufettme of Eflldeat Equipment 
The measure life is assumed to be 12 years 418• 

Deemed Measure Cost 
The incremeotal cost for this measure is assumed to be $40 for an ENERGY STAR unit and $80 for a CEE TIER 1 
unit•. 

Dfflllt'd <>AM Cost Adjustments 
Dia 

ColDddmce Factor 
The coincidence fictor for this measure is assumed to be 0.74 •. 

REFERENCE SECTION 

Calculattoa of SavlDp 

Eael'I)' Savtap 
Ak:Wh =(CAP) • [(llEERbase)- (l/EERee)] • EFLH 

- "'ENERGY STAR Program Requirements for Room Air Conditioners, Partner Commitmeuls", U.S. Eaviromneatal Protection 
~.Accessed OD 7/17/10. < 
bttp:/lwww.energystar.gov/ia/pal1De:rsllX_specslprognun_reqslroom_air_CODditioners_prog_req.pdf> 
417 "CEB SUper·Bflicieat Home Appliaaces Imtiattve - ffiP-Bflicieucy Specifications for Room Air Conditioners", Consortium 
for ElmJY Bflidenc:y, Accessed on 7/17110. ~:/lwww.ceet.~dlseha/rm-adnn-ac_specs.pdf> 
481 Measure Life Report, .Resideatial ad Commen:ial/Iodu Lighting and HV AC Measures, ODS Associates, JUDe 2007. 
lf!:l/www sgay'B'SmgqlftlplM..,,,.20llfcWQBmqrnpz92007 pdf 

Based OD field study coadncted by Efficiency Vermont 
GO Coinddence fildor supplied by Dub B1ler8)' for tbe commacia1 HV AC end-use. Pendiog verification based OD iufonnation 
from tbe utilities. 
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Where: 
CAP 

EERbase 

EER.ee 

-
Ci~ 
(llfiilh) 

EFLH 

= cooling capacity of the UDit in Btu/h 
= Actual installed 
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= Enezgy Efficiency Ratio of the baseline equipment; see table below for default values. 

>=9.7 
>=9.8 
>=9.7 
>=8.5 

= F.oergy Efficiency Ratio of the energy efficient equipment. 

Fi'Cliiil 
ltandllfll 

CliMment· 
Stider~) 

>=9.5 
>=9.5 
>=9.5 
>=9.5 

=Actual installed efficiency of the ENERGY STAR or CEE SEHA Tier 1 compliant 
unit See table below for minirmun requirements: 

' CEESEHA ENERGY ENERGY 
Tler1 with STAR STAR 
louyered casement- Casement• 

sides Onl)'(IER) Slider 
(~ll;iR). (EER) 

>=10.7 >=11.2 >=9.8 >=10.5 
>= 10.8 >=11.3 >=9.6 >=10.5 
>=10.7 >=11.2 >=9.8 >=10.5 
>=9.4 >=9.8 >=9.6 >=10.5 

= cooling equivalent full load hours; see table below for default values: 

Cleveland 820 
Columbus 910 
Da 942 
Mansfield 7S7 
Toledo 813 

Sammer Cotuddent Peak Demand Savlnp 
AkW = (CAP) • [(1/EER.base)- (l/EER.ee)) *CF 

Where: 

491 Heating 8114 cooling EPLH dala based on a series of prototypical small c:ommeteial buildiog simulation runs. Values abown 
me weiPted averages across fast food restaunmt, tb1l service restaurant. assembly, big box reblil, small reCai1. small of&ce, ligbt 
industrial and scbool building models. nae prototypes are based OD the Calitbmia DEER study prototypes, modified for local 
construction pnctices. Simulations were nm using 1MY3 weather data for each of lbe cities listed. Building prototypes used in 
lhe energy modeling are desc:n'lled in Appendix A· Prototypical Building Energy SinmJation Model Development. 
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CF = Summer Peak Coincidence Factor for measure 
= 0.74 92 

Fossil Fuel Impact Descrlpttons aad Caltalatton 
Dia 

Water Impact Descrlpttons aad Calculation 
Dia 

Deemed O&M Cost Adjustment Calculation 
Dia 

Relerenm Documents: "Draft TRM - C&I Buildings Model Development.doc" 
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'9'l Co.incidmce filctor supplied by Duke Energy for lhe commacial HV AC end-use. Pending verification based OD iofonnation 
fiom tbe utilities. 
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Single-Package and Split System Unitary Air Conditioners (Time of Sale, New 
Construction) 

De.scrtptton 
This measme promotes the installation of high-efficiency unitary air-, water-, and evaporatively cooled air 
conditioning equipment, both single-package and split systems. Air conditioning (AC) systems are a major 
consumer of electricity and systems that exceed baseline efficiencies can save considerable amounts of energy. This 
measure could apply to the replacing of an existing unit at the end of its useful life or the installation of a new unit in 
a new or existing building. 

DellDlUon of Eftldent Equipment 
In order for this characterization to apply. the efficient equipment is assumed to be a high-efficiency air-, water-. or 
evaporatively cooled air conditioner that exceeds the energy efficiency requirements of the Intemational Energy 
Conservation Code (IECC) 2006, Table S03.2.3(1). 

Detloltton ofBasellne Equipment 
In order for Ibis characterization to apply. the efficient equipment is assumed to be a standard-efficiency air-. water, 
or evaporatively cooled air conditioner that meets the energy efficiency requirements of the lntemational Energy 
Conservation Code (IECC) 2006, Table S03.2.3(1). The rating conditions for the baseline and efficient equipment 
efficiencies must be equivalent 

Deemed Cakalatton tor this Measure 

For units with cooling capacities less than 6S kBtu/h: 

ADnua1 kWh Savings = (kBtulh) • [(I/SEER.base) - (l/SEERee)] * EFLH 

Smnmer Coincidmt Peak kW Saviqs = (kBtulh) * [(1/EERbase)-(1/EERee)] *CF 

For units with cooling capacities equal to or greater dum 6S kBtu/h: 

Annual kWh Savings = (kBtulh) * [(1/EERhase)- (l/EER.ee)] * EFLH 

Summer Coincidait Peak kW Saviqs = (kBtu/b) * [(1/EERbase) - (1/EER.ee)] *CF 

Deelllfd LlteUme of Emdent Equipment 
The expected measure life is assumed to be IS years.493 

Deemed Measure Cost 
'Ibe incremental capital cost for this measure is assumed to be $100 per ton. 4M 

De.med O&M Cost AdjostmenCs 
Dia 

Coincidence Factor 
'Ibe summer peak coincidence factor for this measure is assumed to be 74%es. 

'"Measure Life Report: Residential and Commercia1IIndu I.ipting and HV AC Measures, GDS Associates, Inc., June 
2007. 
84 Based OD a review ofl'RM iocremeota1 cost assnmptioas Dom Vermont, Wisconsin, and California . 
., Coincidence fiactor supplied by Duke Bnagy' for the commercia1 HV AC end-use. Pending verification based OD iofonnation 
Dom the utilities. 
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CalcolaUon o!SaW.p 

Eaef'IY SaWlp 

Where: 

For units with cooling capacities less than 65 kBtu/b: 

AkWH = (kBtu/b) * [(I/SEER.base) - (I/SEER.ee)) * EfLH 

For units with cooling capacities equal to or greater lban 65 kBtuJh: 

AkWH = (kBtu/b) * [(1/EERbase)- (1/EERee)] * EFLH 

kBtu/h 

SEERbase 

= capacity of the cooling equipment actually iastalled in kBtu per hour (1 ton of cooling 
capacity equals 12 kBtu/h). 
= Seasonal F.aergy Efficiency Ratio of the baseline equipment; see table below for 
default values: 

~65,000 Btulb and 
<135 000 Btu/h 
~135,000 Btu/h and 
<240,000 Btu/h e e 
2!240,000 Btu/hand Split system and 
<760,000 Btu/h s· e 

~760 000 Btu/h 
Split system and 
sin e 

13.0SEER.1 

13.0SEER.1 

10.3EER 

9.7EER 

9.5EER 

9.2EER 

Air conditioners, Water 
and evaporatively cooled <65 000 Btu/h 

Split system and 
12.1 EER 

~s.ooo Btu/hand 
<135 000 Btu/h sin 11.SEER. 
~135,000 Btu/h and Split system and 
<240 000 Btu/h sin 11.0EER. 

Split system and 
2!240 000 Btu/h sin 11.0 EER. 

a. As manadated by federal equipment manufacturing standards 
<http://wwwl.eere.eoergy.gov/buildings/appliance_standards/pdfsf 4fr12058.pd:t> 

SEER.ee 
EERbase 

= Seasonal EnersY Efficiency Ratio of the energy efficient equipment (actually installed). 
= F.aergy Efficiency Ratio of the baseline equipment; see table above for default values. 
Since IECC 2006 does not provide BEil requjranents for air-cooled air conditioners < 65 
kBtu/h, assume the following conversion fi:om SEER to EER: EER.::::SEER/1.1. 

• 1otemational EDel'IY Conservation Code (IECC 2006) 2006, Table 503.2.3(1). Unitary Air Conditioners and Condensing 
Unils, Electrically Operated, Minimum Efficiency RequiRmmls. unless otherwise noted. 
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EERee = EnCQD' Efficiency Ratio of the energy efficient equipment. For air~ooled air 
conditioners< 6S kBtulb, if the actual EERee is unknown, assume the following 
conversion from SEER to EER: EER~EER/1.1. 
= Actual installed 

EFLH = cooling equivalent full load hours; see table below for default values: 

Cincinnati 941 
Cleveland 820 
Columbus 910 
Da 942 
Mansfield 7S7 
Toledo 813 

Sammer Colnddmt Peak Demand SaYIDp 
AkW = (BtuH • (llEERbase - 1/EERee))/1000 • CF 

Where: 

CF = Summer Peak Coincidence Factor for measure 
=0.74 4118 

Fossil Fuel Impad Descrtpttou and Calcalatton 
Dia 

Water Impact DescrtpUou and CalcalaUon 
Dia 

Dffmed O&M Cost Adjustment Calcalatton 
Dia 

Rderenced Documents: "Draft TRM - C&I Buildinp Model Developmentdoc" 

"" Heating 8lld cooling EFLH data based on a series of prototypical small commercial building shnnlation runs. Values shown 
are weighted averages across fast fuod restaurant. tbll service restaurant, assembly, big box retail, small Jdail. small oflice, light 
industrial and school buildiq models. 'lbe prototypes are based OD tbe C8liforaia DEER study prototypes, modified for local 
coostmction practic:es. Simulations Mre nm usiDg TMY3 weather data for each of tbe c:ilies listed. Buildius prototypes used in 
the energy modeliJl8 are describecl in Appendix A - Prototypical Building Energy Simulatioo Model Development. 
- Coincide.Dee filctor supplied by Duke Energy for the c:omme:n:ial HV AC end-use. PeodiDs verification based OD infmmation 
&om the utilities. 
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Heat Pump Systems (Time of Sale, New Construction) 

EndUse 

Description 
This measure applies to the installation of high-efficiency air cooled, water source, ground water source, and ground 
source heat pump systems. This measure could apply to n:placing an existing unit at die end of it's useful life. or 
installation of a new unit in a oew or existing building. 

Dellnltton of Emdent Equipment 
In order for this c:baracterization to apply, the efficient equipment is assumed to be a high-efficiency air cooled, 
water source, ground water source, or ground source beat pump system that exceeds die enagy efficiency 
requiranents of die Intematiooal Energy Conservation Code (IF.CC) 2006, Table 503.2.3(2). 

Definition of Baseline. Equipment 
In order for this characterization to apply, the baseline equipment is assumed to be a standanl-efficieacy air cooled, 
water source, ground water source, or ground source beat pump system that meets die energy efficiency 
requirements of die Intemational Energy Conservation Code (IECC) 2006, Table 503.2.3(2). The rating conditions 
for die baseline and efficient equipment efficiencies must be equivalent 

Deemed Calculation for tbls Mtasare 

For units with cooling capacities less than 6S kBtu/h: 

Ammal kWh Savinss = Amlua1 kWh SaviD&saol+Annual kWh Savinss... 

Annual kWh Savinssmat = (kBtulh) * ((1/SEERbase)-(1/SEERee)] • EFLffeoa. 

Annual kWh Sa~ = (kBtu/h) • [(l/HSPFbase)- (1/HSPFee)] • EFI.Ha.r 

Summer Coincident Peak kW Savings= (kBtulh) * [(1/EERbase) - (l/EERee)] *CF 

For units widl cooling capacities equal to or greater than 65 kBtu/h: 

Annual kWh Savings = Amlua1 kWh SavinSSClllll +Annual kWh Savings... 

Annual kWh Savingsaiaa = (kBtulba..a) • [(llEERbase)- (l/EERee)J • EFLHcoal 

Annual kWh Saviassi.t = (kBtulbi.t)/3.412 * [(l/COPbase)- (1/COPee)] • ~ 

Summer Coincident Peak kW Savings= (kBtulba.oi) * [(l/EERbase) - (l/EERee)] *CF 

Deemed Lifetime of EfBdent Equipment 
The expected measure life is assumed to be 15 years.499 

Deemed Measnre Cost 
For analysis purposes, die incremental capital cost for this measure is assnrntA as $100 per ton for air-cooled 
units. 500 The incremental cost for all other equipment types should be determined on a site-specific basis. 

""Measure Life Report Residential aad C'.mmen:iallIDduslrial I.jpting and HV AC Measures, ODS Associates, Iac., Juae 
2007. 
-Based OD a review ofTRM iDmmenla1 cost asswapeions from Vermont, W!SOO!lSjo, and califomia. 
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Deemed O&M Cost Adjustmeats 
n/a 

Coladdence Fador 
The summer peak coincidence filctor for this measure is assumed to be 74o/;c'1• 

REFERENCE SECilON 

Calculatton of Savings 

EDeJ'IY Savings 

Where: 

For units with cooling capacities less than 65 kBtulh: 

AkWb =Annual kWh Savinss-t+Amlual kWh Sa~ 

Amlual kWh SavinssmDt = (kBtulbmai) • [{l/SEERbase)-(1/SEERee)] • EFlHaioi 

Amlual kWh~ = (kBtulhc.i) • [{llHSPFbase)- (llHSPFee)] • EFL&.rm 

For units with cooling capacities equal to or greaa than 65 kBtulh: 

AkWb =Annual kWh SaWissaiat +Annual kWh Savinssm. 

Annual kWh Savinasmal = (kBtulba..i). [{l/EERbase)- (1/EERee)] • ~ 

Annual kWh Savioasl.at = (kBtullti.m)/3.412 • [(l/COPbase) - (1/COPee)] • ~ 

kBtwbcoaa = capacity of tbe cooling equipment in kB1U per hour (l too of cooling capacity equals 12 
kBtulh). 
= Actual installed 

SEERbase = Seasonal F.nergy Efticicocy Ratio of the baseline equipment; see table below for 
values. 

~s.ooo Btulh and 
<135 000 Btu/b 

2:135,000 Btu/b and 
<240 000 Btulb 

Split system and single 
package I 47°F db/43°F 
wb outdoor air 
Split system and single 
package/ 47°F db/43°F 
wb outdoor air 

10.1 EER 3.2COP 

9.3EER 3.1 COP 

'°1 Coincidence &ctor supplied by Duke Ene!gy' for tile commen:ial HVAC end-use. Verification of this &ctor is peadiD8 
infmmation from the utilities. 
• 1ntemational Bnqy Comervation COde (IECC 2006) 2006, Table 503.2.3(2), UDitary And Applied Heat Pumps. Electrically 
Ooented, Minimum Emcieocy RequiraneDtB, unless odlelwise noted. 
•n,id, 
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1 SabC.tfloey or, Rattng 
C::oadlUoa 
Split system and single 
package/ 47°F db/43°F 

~40000Btulh wboutdoorair 9.0EER 3.1 COP 
86°F entering water 
{Cooling Mode)/ 68°F 
entering water (Heating 

Water soun:e <17 000 Btulh Mode 11.2 EER 4.2 COP 
86°F entering water I 

~17,000 Btulb and 68°F entering water 
<13S 000 Btulh . Mode 12.0 EER 4.2 COP 

S9°F entering water 
{Cooling Mode) I S0°F 

Groundwater entering water (Heating 
source <135,000 Btulb Mode 16.2 EER 3.6 COP 

77°F entering water I 
32°F entering water 

Groundsoun:e <13S,000Btulb ea. Mode 13.4EER 3.1 COP 
a. As manadated by federal equipment llllllllfilctur st.andards 
<llap:/lwwwl .eere.energy.govlbuildiogs/appliance_standardslpdfs/4&120S8.pdt> 

SEER.ee = Seasonal Energy Efficieoc:y Ratio of the energy efficient equipment 
= Actual mstalled 
= cooling mode equivaleot full load hours; see table below for de.fiwlt values: 

941 713 
820 994 
910 829 
942 810 

Mansfield 7S7 919 
Toledo 813 1 OS6 

HSPFbase = Heating Seasonal Perfonnance Factor of the baseline equipment; see table above for 
values. 

HSPFee 

EFLHmt 
EERbase 

=Heating Seasonal Perfonnance Factor of the energy efficient equipment 
= Actual installed 
= heating mode equivalent full load hours; see table above for default values. 
= F.nergy Efficiency Ratio of the baseline equipment; see the table above for values. 
Since IECC 2006 does not provide EER requirements for air-cooled beat pumps< 6S 
kBtu/h, assume the following conversion from SEER to EER.: EER.~EER/1.1. 

'°' Heating and cooling EPLH data based OD a series of prototypical small c:ommen:ia1 buildiag simulation runs. Values shown 
are weisbted averages across fast food restaurant, full service restaunmt, assembly, bis box retail, small retail, small office, 1igbt 
indusbial and school buildill8 models. '1be prototypes are based OD tbe califomia DEER study prototypes, moctified for local 
constlUCtion pradices. Simulations wae nm usiq TMY3 weather data for each oftbe cities listed. Buildiag prototypes used in 
lbe eoergy modeling are described in Appendix A - Prototypical BniJctins Energy Simulation Model Development. 

2010 Ohio Technical Reference Manual - Aupst 6, 2010 
Vermont Energy Investment Corporation 

199 



KyPSC Case No. 2014-00280 
STAFF-DR-01-028 Attachment 

Page 200 of 397 

=Energy Efficiency Ratio of the energy efficient equipmeot. For air-cooled air 
conditioners < 65 kBtu/h, if the actual EERee is unknown, assume the following 
conversion from SEER to EER.: EERl:::SEER/1.1. 
= Actual installed 
=capacity of Che beating equipment in kBtu per hour. 
= Actual installed 
=BtuperWh. 3.412 

COPbase 
CO Pee 

=coefficient of perfomumce of the baseline equipment; see table above for values. 
=coefficient of paformaoce of the energy efficient equipment 
= Actual installed 

Summer ColDdclent Peak Demand Savtnp 

Where: 

CF 

dkW = {kBtu/ba.oi) • [(1/EERbase)- (l/EERee)] •CF 

= Summer Peak Coincidence Factor for measure 
=0.74 sos 

FossU Fuel Impad Descriptions and Calculation 
Dia 

Water Impact Descriptions and Cakolatton 
Dia 

Deemed OlcM Cost Adjustment Cakolatton 
Dia 

Referenced Documents: "Draft TRM - C&I Buildings Model Development.doc" 

- Coincidence filctor supplied by Duke l!oerlf for die c:ommen:ia1 HV AC end-use. Verification of these factors pending 
information from tbe utilities. 
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Outside Air Economizer with Dual-Enthalpy Sensors (Time of Sale, Retrofit -
New Equipment) 

Dncrlption 
This measure is to upgrade the outside air dry-bulb economizer to a dual enlbalpy controlled economizer. The new 
control system will continuously monitor the enthaJpy of both outside air and retum air. The system will control the 
system dampers and adjust based on the two reacliogs. 

Definition or Ellldent Eqalpment 
The efficient equipment is a dual-aithalpy economizer on the HV AC system. 

DeflDIUon or Baseline Equipment 
The existing condition for this measure is an outside air dry-bulb economizer. 

Deemed Calculation for this Measure 

Annual kWh Savings =TONS x L\kWhea. 

Summer Coincident Peak kW Savings= O 

Deemed Lifetime of Emdent Eqalpment 
The expected lifetime of the measure is 10 years506

• 

Deemed Measure Cost 
The iDcremeotal cost for this measure is assumed to be S4oo507 

Deemed O&M Cost Adjutments 
There are no expected O&M cost adjuslments for this measure. 

ColDddence Factor 
There are no expected summer peak kW savings for this measure, so the coincidence factor is 0. 

Cakalatton or SavlDp 

EDel'IY Sa'rinp 

L\kWh =TONS x L\kWbcm 

Whae: 

REFERENCE SECTION 

TONS =the rated capacity of the unit controlled by the economizer. To be collected with the 
application. 
=the kWh savings per ton, based on region of the state. See table below in the 
•'Reference T~ble" section. 

- 2008 Database for Energy-Efficiency Resoun:es (DEER.), Version 2008.2.0S, "Effective/Remaining Usefbl Life Values", 
C8lifomia Public Utilities commission, December 16, 2008 
"" Bflicienc:y Vennont Teclmical Reference User Manual (TRM) Measure Savings Algoridum and Cost Assumptions, February, 
19, 2010. Value derived from Efficiency Veanont project uperieoce and conversations with suppliers. 
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For example, an economizer on a 10 ton air conditioning unit in a big box retail building in Cleveland: 
~Wh =10x145 

=l,4~kWh 

Summer Coladdent Peak Demand Savlnp 
~W =O 

Basellne Adjustment 
There are no expected future code changes to affect this measure. 

FOISO Fuel Impad DescrtpUoas and Cakalatlon 
There are no expected fossil fuel impacts associated with 1bis measure. 

Deflllfd O&M Cost Adjustment Calcolatlon 
There are no expected O&M costs or savings associated with this measure. 

Reference Table 

nomber Sa-~,-Dual Enthalpy Eco 
~uDdintt~e aiV:: ~WtiC. ~Wt-. 

.a .ar- __._ ..... ,. 
' 

Akron 23 0.0 0.0 
Cincinnati 28 0.0 0.0 ( 
Cleveland 27 0.0 0.0 

Assembly Columbus 28 0.0 0.0 
Davton 23 0.0 0.0 
Mansfield 29 0.0 0.0 
Toledo 28 0.0 0.0 
Akron 148 0.0 0.0 
Ciocimlati 144 0.0 0.0 
Cleveland 145 0.0 0.0 

Big Box Retail Columbus 157 o.o 0.0 
Davton 143 o.o 0.0 
Mansfield 157 0.0 0.0 
Toledo 145 o.o 0.0 
Akron 35 0.0 0.0 
Cincinnati 32 0.0 0.0 
Cleveland 34 0.0 0.0 

Fast Food Restaurant Columbus 39 o.o 0.0 
Davton 33 0.0 0.0 
Mansfield 37 0.0 0.0 
Toledo 35 0.0 0.0 

Full-Service Restaurant Akron 20 0.0 0.0 
Cincinnati 18 0.0 0.0 
Cleveland 20 0.0 0.0 

• Ullit energy, demand, 8lld gas savings data is based on a SG'ies of prototypical small c:ommen:ia1 building simulation runs. 
1be prototypes are based OD the caJifomia DEER study prototypes, modified for local comtnJctiOD practices. Simulations were 
nm using 1MY3 weather data for each of the cities listed. Building prototypes used in the energy modeliq are described io 
Appendix A - Prototypical Building Boergy Simulation Model Development 
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~BQii!.ia--~-· di'.:. afy,t "-. 

Columbus 
Davion 
Mansfield 
Toledo 
Akron 
Ciocionati 
Cleveland 

Light Industrial Columbus 
Dayton 

Mansfield 
Toledo 
Akron 
Cincinnati 
Cleveland 

Primary School Columbus 
DavtoD 
Mansfield 
Toledo 
Akron 
Cincinnati 
Cleveland 

Small Office Columbus 
Davton 
Mansfield 
Toledo 
Akron 
Cincinnati 
Cleveland 

Small Retail Columbus 
Davton 
Mansfield 
Toledo 

AkWh- ' 
23 
20 
22 
19 
36 
43 
39 
43 
3S 
37 
42 
!U 
S7 
.52 
SS 
.52 
.53 
49 
191 
18.5 
184 

206 
189 
191 
194 
122 
115 
117 
129 
117 
124 
116 

lkw-1' 
0.0 
0.0 
o.o 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
o.o 
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I• A_,._ -

' 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Rderenced Documents: "Draft TRM - C&I Buildings Model Developmeotdoc" 
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Chilled Water Reset Controls (Retrofit - New Equipment) 

Descrlptton 
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This section covers iDstallation of chilled water reset controls in large comme:rc:ial buildinss with built-up HV AC 
systems. Reset controls allow the chillers to operate at a higher chilled water temperature chuiag periods of low 
cooling loads. The baseline condition is assumed to be constant cbilled water temperature of 4S°F. The reset 
strategies use a 5°F resd5°9. F.oergy savings are realized through improved chiller efficiency. Da1a for both air
cooled and water-cooled chillers are shown. The approach utilizes OOE-2.2 simulations on a series of commercial 
prototypical building models. The commercial simulation models are adapted from the Califomia Database for 
Energy Efficiew:y Resources (DEER) study, with changes to reflect Ohio climate and building pnctices. Energy 
and demand impacts are normalized per ton of chiller capacity controlled. 

DelbdUon of Eflldent Equipment 
The efticicat condition is a chilled water reset. with the maximum chilled water temperature of SO°F. 

Delbdtlon of Basellne Equipment 
The baseline condition is a fixed chilled water temperature of 4S°F. 

Dffmed Clllculatton for this Measure 

Annual kWh Savinss =TONS x Ak'Whe. 

Summer Coincident Peak kW Savings= TONS x AkW11111 

Annual MMBTU Savinss =TONS x AMMBtu... 

Deemed Llfettme of Efndent Equipment 
The expected lifetime of the measure is 10 years510

• 

Deemed Measure Cost 
The t\J11 iostalled cost for this measure is $681.34 per controJ511

• 

Deemed O&M Cost Adjustments 
There are no expected O&M cost adjustments for this measme. 

Coincidence Factor 
The summer peak coincidence &ctor for this measure is assumed to be 74%512

• 

REFERENCE SECDON 

Cakulatton ofSa\'lnp 

'°' .ASHRAE 90.1 2004 requires chilled and hot water temperature reset for systems with a capacity greats than 300,000 BTU/b. 
To avoid inamtiag code, Chis cbaradaization should apply to smaller systems and retrofits ouly. 
'10 2008 Dalabase for Bneqy-Bfficienq R.esources (DBER.), Version 2008.2.0.5, "Efl'ectivelReg Useful Life Values", 
Callfomia Public Utilities Commission, Decembu 16, 2008 
511 Bfliciem:y Vermont Teclmical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, February, 
19, 2010. Value derived from Efliciem:y Vermont project aperieace and conversations with suppliers. 
SD Coincideace fiK:tor supplied by Duke Bneqy for lbe commercial HV AC end-use. Verification ofCbis &ctor is peodiag 
infonnation from the Ulilities. 
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Enera.v Smap 

AkWh =TONS x AkWbm 

Where: 
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TONS =the rated capacity of the unit controlled by the economizer. To be collected with the 
applic:ation. 
= the kWh savings per too. Ibis depends on whether the c:biller is air-cooled or water
cooled. See table below. 

For example, chilled water reset on a 1 o-ton c:oostaot volume air-cooled c:biller in Cleveland: 
AkWh = 10 x 13 

=130kWh 

Summer Coladdeat Peak .DelDIUld Sntap 
AkW =TONSx.6kWmxCF 

Where: 
= the kW savinss per ton, Ibis depends on whether the chiller is air-cooled or water
cooled. See table below. 

CF = The Sl1IDIDel" coincident peak &ctor, or 0. 74. 

For example, chilled wata reset on a 10-ton constant volume air-cooled chiller in Cleveland: 
AkW = 10 x (-0.012) x 0.74 

=-0.089kW 

Basellne Adjustment 
There are no expected future code changes to affect this llle8SlJR. 

Fossil Fuel Impact .Descrtptloos and Calculation 

AMMBtu =TONS x AMM8tu. 

Where: 
=the gas savings per ton, Ibis depends on wbelba the chilla" is air-cooled or water
cooled. See table below. 

For example, chilled water reset on a 10-ton constant volume air-cooled chiller in Cleveland: 
.AMMBtu = lOx0.08 

=0.8MMBtu 

l>Nmed <>AM Cost Adjustment Calculation 
There are no expecb:d O&M costs or savings associated with this measure. 
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Reference Tables 

Table 9: Cbllled water reset cootrols513 

1•, - "' ti...e, ' rJT 7~ 

llGliY.·. 61iWL.. · -- --~· ~ 
Akron 17 
CinciDDati 13 
Cleveland 13 

Air-Cooled Chiller widl Constant Volume Reheat Columbus 13 
Davton 14 
Mansfield 19 
Toledo 16 
Akron 10 
Cincinnati 10 
Cleveland 11 

Air-Cooled Chiller with Variable Air Volume Reheat Columbus 11 
Dayton 11 
Mansfield 11 
Toledo ll 
Akron 38 
Cincianati 31 
Cleveland 34 

Water-Cooled Chiller with Constant Volume Reheat Columbus 31 
Dayton 34 
Mansfield 41 
Toledo 36 
Akron 27 
Cincianati 26 
Cleveland 28 

Water-Cooled Chiller with Variable Air Volume Reheat Columbus 27 
Davton 29 
Mansfield 29 
Toledo 29 

Referenced Documents: "Draft TRM - C&I Buildings Model Developmeoldoc" 
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AkW;;:,: ••'-~-~ .. ;.,- -

-0.009 0.11 
-0.009 0.11 
-0.012 0.08 
-0.011 0.10 
-0.037 0.12 
-0.028 0.16 
0.006 0.12 
-0.011 0.04 
-0.010 0.04 
-0.012 0.03 
-0.010 0.07 
-0.009 0.0.S 
-0.012 0.04 
0.011 0.07 
0.004 0.11 
-0.012 0.11 
-0.008 0.08 
0.004 0.10 
-0.016 0.12 
-0.015 0.16 
0.004 0.12 
0.004 0.04 
-0.002 0.04 
-0.008 0.03 
0.003 0.07 
-0.015 o.os 
-0.004 0.04 
0.059 0.07 

su Uait energy, danand, 8Dd gas savings data is based on a series of prototypical small commerda1 building simulation nms. 
1be prototypes are based on the califoraia DEER study prototypes, modified for local c:onstructiao practices. Simulations were 
nm usiD& 1MY3 weather data for each of the cities listed. Building prototypes used in the energy modeling are described in 
Appendix A • Prototypical Building P.Dagy Simulation Model Development 
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Variable Frequency Drives for HVAC Applications (Time of Sale, Retrofit - New 
Equipment) 

Descrlptton 
A variable frequency drive installed on an HV AC system pump or fim motor. The VFD will modulate the speed of the 
motor when it is not needed to nm at full load. Since the power of the motor is proportional to the cube of the speed, 
this will result in significant eDeJBY savings. 

Dellnltlon of Emdent Equipment 
The efficient condition is a variable ftequency drive on an HV AC system pump or fan motor. 

Dellnldon of Basellne Equipment 
For VFDs on fins, the baseline is chosen from the reference table below. For VFDs on pumps, the baseline is a 
coastant volume motor. 

Deemed Cakalatlon for this M.easnre 

Annual kWh Savings =BHP / 11ma1mx HOURS x ESF 

Summer Coincident Peak kW Savings= BHP 1...._x DSF 

Deemed Lifetime of Emdent Eqmpment 
The expected lifetime of the measure is IS years.514 

Deemed Measure Cost 
See Ulble below515 

BP Total InStaned1COSt 
s $1.330 

1.S $1,622 
10 $1,898 
lS S2.Sl8 
20 $3.059 

Deemed O&M Cost Adjustments 
There are no expected o&M savings associated with this measuR. 

Coincidence Fador 
The demand saviop &ctor {DSF) is already based upon coincideot saviJl8s, and thus there is no additional 
coincidence factor for this characterization. 

REFERENCE SECTION 

Calculation of Savlnp 

EDeflY Savings 

'
14 2008 Database for Boagy·.Ef!lcieoc:y Resoun:es (DEBR), Version 2008.2.0S, ~ Use:lbl Life Values", 

califomia Public Utilities Commission, December 16, 2008 
'" Equipment Costs fiom <Jnmser 2008 cataloa pp. 286-289, avenp ac:ross available voltqes and models. Labor costs from 
RSMeans Mechanical Cost Data, 2008. Used average cost adjUSlmeot for all cities Jisled io Ohio. See 'OH VFD cost 
analysis.xis' 
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