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Savings ftom programmable thermostats can be difficult to estimate fi:om aoalytical methods due to the 
significant behavioral interactions in both the initial programming and the year-over year opemtion. Studies 
that evaluate the savings impacts of ~pmmable tbennostals vary, but there is considerable and aechl>le 
regard for the findings of a 2007 study321 that incorporated Jarae sample sizes of survey response and billing 
analyses. 

Energy Savings 
Dia 

SDJDJDer Colnddent Peak Demand Savings 
Dia 

Fossil Fuel Impact Descrtpttons and Calmlatlon 

Average Savings MdMBtu =(Savings%) x (Annual Home Heating Load~ 
= 6.8% x (71.2 MMBtu) 
=4.8MMBtu 

Water Impact Descriptions and Calcalatlon 
Dia 

Deemed O&M Cost Adjustment Calcolatlon 
Dia 

321 2007, RLW Allalytics, "Validatiag the Impact of Proanmumble lbamoslats'' 
322 The value used here, 712 lllelms, is based on pmonal oomanmication with Micbael BJasnik, ooosnbant to COiumbia gas 
in May 2010, and derived fi'om a billing analysis of approximately 600,000 Columbia Gas residemial single iilmily 
customen in Ohio. 
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Condensing Furnaces-Residential (Time of Sale) 

Description 
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New ENERGY STAR-qualified high efticieucy gas-fired condensing fumace for n:sideotial space heating. 
ffi3h efficiency features may include improved heat excbaogers and modulating multi-stage bwners. 

Delbdtlon of Ellldent Equipment 
Furnace AFUE rating~ 90% and less than 225,000 BlUb input energy. 

Definition of Buellne Equipment 
Federal baseline for furnaces is 78%. Review of GAMA shipment data indicates a more suitable market 
baseline is 80% AFUE. The baseline unit is non-condensing. Early retirement programs the 

Deemed Savlqs for tbls Measure 
MdMBtu = 712 • BtuH • (1-AFUEBASEfAFUEm) • 10°" 

Deeimd Lifetime of Eftklent Equipment 
The lifetime of this measure is estimated to be 15 years. m 

Deemed Measure Cost 
The incremmdal measure cost. based on material cost alone324• as labor is comparable to baseline, shall be 
related to AFUE of the unit'lS: 

Deemed O&M Cost Adjustments 
Dia 

Coincidence Factor 
Dia 

·.--m:",.,...''9'. -
90 
92 

"' " 

Iaeiemtldil1€elt 
5310 
$4n 
$857 
$851 

REFERENCE SECITON 

CalculaUon of Savings 
Savings are calculated using the difference in required gas based upon the efficiency of the fumace and the 
average amwa1 beating load for Ohio Residences. No chaoge in the distnl>ution system efficiency including fan 
motor is assumed. 

Electrical Enel'IY Savlnp 
o/a 

Sammer Coincident Peak Demand SaWap 
o/a 

m htlp://www.ceel .orglresrcJfactBp-ht-fx.pdf 
m CA DBBR Database Res-HVAC 
m htlp://wwwl.eere.energy.govJbuildiop/appllance_stBDdadslresideotiaJ/pclfs/fb_ft_tsdlappmdix e.pdf 
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FossD Fuel Impact Descriptions and calmlatloa 
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AMMBtu = F'LHHEA.T. BtuH. (1-AFUEusJAFCJ'E&F). 10-4 

FLlieEAT 

BtuH 

=~Full Load Heating Homs 
= 11l32' 

= Size of equipment in Btuh 
= Actual installed 

= Amma1 Fuel Utilization Efficiency % for the baseline equipment 
=0.80 

= Amma1 Fuel Utilization Efficiency% for the efficient equipment 
= Actual installed 

For example: savings for a fumace nted at 96 AFUE 
AMMBtu = 712. 100,000. (1- 0.80/0.96). 10-4 

= 11.9 

Water Impact Descriptions and Calcalatloa 
o/a 

Deemed O&.M Cost Adjustment calculatlon 
o/a 

Effective date: 
End date: 

m Calculated based upon typical mmual home heaq load of 712 lberms (based on persoua1 commuoication with Michael 
BlasoJk. Pull load hours were determined assuming an avenage unit capacity of 100,000 BtuH. Actual program dala should 
be compmed apinst this assumed 100,000Btub value aod FI.II may be adjusted as a result. 
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Boilers (Time of Sale) 

Description 
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New energy star-qualified hiah efficiency gas-find boiler for residential space heating 

De8nltlon of Emdeat Equipment 
Boiler AFUE rating~ 8S% less than 300,000 BTIJh energy iuput. 

De8nltlon of Baseline Equipment 
Federal baseline AFUE for boilers is 80 % 

Deemed Savlnp for tbls Measure 

= 712 • BtuH • (1- Af'UEusE/ AFUEm) • 10-4 

Deemed Ufetlme. of Etlldent Equipment 
The lifetime of this measure is 18 yearsm. 

Deemed Measure Cost 
The inctanmtal measure cost. based on material and iDstallation costs are a function of the AFUE of the unit:321 

Deemed O&M Cost Adjustments 
Dia 

Colnddence Fador 
Dia 

r All'UE 
85-90 
~1 

lllci'emeDWreost 
$ 216 
$ 422 

REFERENCE SECOON 

CalculaUon of Savlnp 
Saviogs are calc:ulated using the di1ference in required gas based upon the efficiency of the boiler and the 
average aonual heating load for Ohio Residences. No changes in the distribution system efficiency includiog 
blower motor are assumed. 

Electrkal Enel"IY Savinp 
Dia 

Summer Colnddent Peak Demancl Savings 
Dia 

Fosso Fuel Impact Descriptions and Cakalatton 
t1MMBt1l = FLHaw- • B1uH • o- Af'UEum'ARffiEFF) • 1 o-4 

=:Equivalent Full Load Heating Hours 
= 712'29 

~://wwwl.eere.eoergy.gov/bvildinpappliance_sbmdardslresidentiaJ/pdfs/tb_fr_tsd/appeadix_e.pdf 
m http://wwwl.eae.eoergy.govlbuildiDp'appliance_standudslresidmtial/tb_tsd_0907.blml values for 8S-90 
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BtuH = Size of equipment in Btuh 
=Actual mstalled 
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=Annual Fuel Utilization Efficiency% for the baseline equipment 
=0.80 

= Annual Fuel Utilization Efficiency % for the efficient equipment 
=Actual mstalled 

For example: savings for a boiler rated at AFUE 85% 
AMMBtu = 712. 100,000. (1- 0.80/0.85). 10-6 

=4.2 

Water Impact Descrlpttons and Calcolatton 
Dia 

Deemed O&M Cost Adjostmmt CalcalaUon 
Dia 

329 Calculated based upon typical amwa1 home beating load of 112 therms, unit capacity of 100,000 BluH. Actual proaram 
data should be c:omparecl apinst dUs assumed 100,000Btub value and FLH may be adjusted as a mult 
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Water Heater Wrap (Direct Install) 

Descrlpdon 
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This measure relates to a Tank Wrap or insulation "blanket" that is wrapped around the outside of a hot water 
tank to reduce stand-by losses. This measure applies only for homes that have an electric water heater that is not 
already well insulated. Generally this can be determined based upon the appearance of the tmJk330 

De8nldon of Ellldeat Equipment 
The measure is a properly ios1alled insulating tank wrap to reduce standby energy losses from the tank to the 
smroundins ambient area. 

De8nldoa of Buelble Equipment 
The baseline is a standard electric domestic hot water tank wilhout an additional tank wrap. Gas storage water 
beaters are excluded due to the limitatiODS of retrofit wrapping and the associated impacts on reduced savinp 
and safety. 

Deemed SavlDp for tbls Measure 

Average Annual 
KWH Savings per unit 

Residential 79 

Aver&ge Summer 
Coincident Peak kW 

s unit 
0.009 

Deemed Wettme ofEOlmat Equipment 
The measure life is assumed to be 5 years 331

• 

Deemed Measure Cost 

Average Annual Fossil Fuel 
heating fuel savings 

unit 

Average Annual 
Water savings per 

unit 
0 

The incmuental cost for this measure will be the actual material cost of procuring and labor cost of installing 
the tank wrap. 

Deemed o&M Cost Adjustments 
o/a 

Colnddeace Factor 
This measure assumes a flat 1oadsbape and as such the coincidence filctor is 1. 

REFERENCE SECTION 

Calculation or Savlop 
This calculation relies upon the findings that a poorly insulated electric resistance water beater with a i>re:~ 
EF of0.86 has a new and more effective EF of 0.88 after properly wrapped with supplemental insulation. 332 

EDel'IY Savlnp 
~WH = kWHbase • ((EFnew - Efl>ase)IEFnew) 

Where: 

no Oeoelally this can be determined by the appeanmce of the tank and whether it is iDsu1ated by foam (newer, rigid, and 
more eft'ective) or fibeq]ass (older, gives to gently preame, and not as effective) 
na 1bis estimate assumes the tank wrap is installed on an aistiDg unit wilb S years mnaining life. On average wltea 
retrofitting an existing tank. the tanks would be rougbly halfWay tbroqb their 13-1 S year life. but because the qua1ifyiag 
baseline 1aDks wilb fibaglass rather lban foam insuJatioo are older (we could not find my Chat are currently for sale) 1beo we 
anticipate actual mnaining life to be so if Ibey have a measure life it would be lower by a few years. 
332 ImpaclS of waste heat OD heating and cooling savings me not ioc1uded in tbis characterization. 
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= Averaae kWH consumption of electric domestic hot wata' taok 
= 3460J)J 

EFnew 

So: 

=Assumed efficiency of electric tank with tank wrap installed 
=0.88 334 

= As.~nmed effi.ci~ of electric tank without taok wrap installed 
= 0.86 Emil! Boolmml• llllDld. 

AkWH = 3460 • ((0.88-0.86)/0.88) 

=79kWH 

Sammer Colnckleot Peak Demand SaWip 

AkW = AkWb/8760 

Where: 
AkWH = kWH savings from tank wrap installation 
8760 =Number of hours io a year (since savings are assumed to be constant over year). 

AkW = 79 / 8760 

=0.0090kW 

FossU Fuel Impact Dncrlpttons and Calculation 
Dia 

Water Impact Descriptions and Calculation 
Dia 

Deemed O&M Cost AdjllSbneot Calculation 
Dia 

333 Assumption takm Jiom; Resideotial Water Heaters Teclmical SUpport l)on!!Dftlt for the January 17, 2001, Fillal Rule 
Table 9.3.9, 1)9--34, http:l/wwwl.eere.eoergy.govlbuildinp/appliance_standardsfnside.pdf 
Consisleot with FEMP study; Field Testing of Pre-Production Prototype Residential Heat Pump Water Heaters 
http://wwwl.eae.energy.gov/femp/pclfa.ltir_heatpump.pdf 
™The Oak Ridge study predicted that wrappiQ a 40 gal wata' heater would increase F.nergy Factor of a 0.86 electric DHW 
tank by 0.02 (to 0.88); 
"Meeting the Challmge'. 1be Prospect of AcbieviDg 30 percent Energy Saviap Through the Weatberization Assistance 
Program" by the oak Ridge Natioual Laboratory- May 2002. bttp://www.ceel.cqfeval/clb_pdf/309.pclf 
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Solar Water Heater with Electric Backup (Retrofit) 

End Use 

DescrlpUon 
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This measure relates to the installation of a new solar water beam system with electric bacltup meeting SRCC 
00-300 performance standards presented below. This measure will relate to the installation of a new system in 
an existing home. 

Defloltlon of Eftldent Equipment 
In older for this cbaracterizatioo to apply, the efficient equipment is assumed to be a SRCC 00-300 certified 
Solar Water Heater with a solar energy factor (SEF) meeting the ENERGY STAR specification. 

De!lnltton of Baseline Eqatpment 
In ordec for this characterization to apply, the baseline equipment is asswoed to be a standard elecbic water 
beater meeting or exceeding the minirmun energy factor set in the 2004 federal conservation standard for water 
beaters. 

Deemed CalculaUoa for tbls Measure 

Annual kWh Savings 

Annual kW Savings 

= (l/EF - l/SEF) • Qom. 

= (1/EF • Qm) I Homs • CF 

Deemed Ulettme of Et!ldent Equipment 
The expected measure life is assumed to be 20 years 335• 

Deemed Measure Cost 
The cost for this measure is $9,.506136• 

DHmed O&M Cost Adjustments 
$344337 

ColDddence Factor 
The SUDUDer peak coincidence factor for this measure is assumed to be 200/03•. 

CalculaUon of Savlnp 

Energy SavlDp 

REFERENCE SECIION 

&Wll = (l/EF - 1/SEF) • Qimi. 

ns Based 00 BNBR.OY STAR ResideDtial Water Heaters, Final Criteria Analysis: 
bttp:Jlwww.eneqystar.govlialpartnenlpro_development/Dew_specsldowuloadslwatet_beaters/WatetHeaterI>rafteriaAD 

~::1'verage cost of a fb11y inslalled solar thermal system was $9,506. and J8Dged between $6,825 ad S 11,850. Source: 
~:Jlwww.greeneaergyohio.cqlpage.cfm?page1D=2712 

NPV of future costs im:Jndins: slYcol. pump, lllld tank replacemeat. Source: Appeadix 2 APS-Inceutives for 
Photovoltaic Distributed Otaeratioa (VEIC 2010). Because this retrofit measure n!places an existing water tank with some 
years nmahring, tbis NPV c:onsavattvely owrsaates 1he O&M cosis to 1he dqree tbat existing tank would have required 
:f lacemmt a few years earlier. 
3 Calculated fiom Itron eSbapes, which is 8760 bomly data by end use for Upstate New York. 
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EF = Minimum energy factor for residential electric water heater3311 

= 0.97-(0.00132 x Rated Storage Volume in gallons) 

SEF 

= 0.904 (50 gallon residential tank) 

=Minimum system performance for solar water heaters340 

= Actual iustalled 

=Energy delivered to the hot water lo~1 

= 64.3 gal/day • 77 degF • 8.3 BTU/lb-degF 
= 41.094 BTU/day 
= 4,395 k'Whlyea?2 

For example, a solar water heat.er system with SEF rating of 1.8: 

AkWH = (110.9 - 1/1.8) • 4,395 kWh/year 
=246lkWh 

Summer ColDcldeat Peak Demand Savlags 

Where: 

AkW = {l/EF •~I Homs• CF 

Hours =Full load holD'S of water heater 
=2533 343 

CF = Summer Peak Coincidence Factor for measure 
=0.203 344 

AkW = (1/0.9 * 11395) / 2533 * 0.203 
=0.39kW"'5 

Fossil Fuel Impact DescrlpUons and Calculation 
Dia 

Water Impact DescrlpUons and Calculation 
Dia 

339 2004 Federal Energy Conservation Sllmdud for water beaters 
340 Based on Solar Ratin@ and Certification Company (SRCC) annual system perfonnance rating for solar water heaters 
{OG-300 7/28fl010). ENERGY STAR specifications require a solar fraction greater tbao O.S, which equates to a mininun 
solar energy factor (SBF) of 1.8. 
341 Based OD DOE and Solar Rating and Certification Company (SRCC) test procedme assumptions of 64.3 gallons per day 
draw, 135 dq P hot water and SS deg P cold water supply tempaatmes. 
342 'Ibis baseline level of consumption is higher tbao the average baseline electrical usage for residential hot water heatiq 
{3,460kWb) but less tbaD the c:onsumption level indicated by following the DOE water beating standard test piocedure 
formula: (12.03/EF) x 365 = 4,8S7kWb. tbese systems are generally installed in bomes with higher usage and conelates 
with household size and income, and so Che calculated value seems appropriate in this li8bL 
343 Full load hours assumption based OD Efficiency VenDDDt loadshlpe. calcu1ated from Itron eShapes. 
344 Calculated &om Itron eShapes, which is 8760 boudy data by end use for Upstate New York. 
345 1be resultant demand reduction from tbe Itron eSbapes is consistent with the raults of the ADM wbiRpaper for 
FirstEneqy's solar water heater program iD Pennsylvania, in wbicb the demand reduction assumes that the system is 
desiped to meet 100% of a home's bot water need duriq the summer months and is the product of two filctors, the 8DDU8l 
baseline energy usage of an electric water heater and the &action of energy usage duriq the coincident peek times of 3-6PM 
duriD8 the months of June tbru August The Uacticmal usage was calculated from PJM Deemed Savings Estimates for 
Lepcy Air OJDditimtns ancl Water Heating DiftCt Load Control Propams in PJM Region. 
http://www.pjm.com/-lmedialcommittees-sroups/woddDg-groupsllrw&'20070301/20070301-pjm-deemed-savi~ 
report.asbx 
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Deemed O&M Cost Adjastau~ot Calculatloo 
n/a 
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Residential New Construction 

Descrtptton 

name EiiCl Use 
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1bis Residential New Consbuction (RNC) protocol describes the methodology by which program 
adminis1rators shall calculate energy and demand savings for new homes built in Ohio. Accredited Home 
Energy Rating System (HERS) software lbat complies with the Mortgage Industry National Home Energy 
Rating Systems Accreditation Standards developed by the Residential EoeraY Selvices Netwolk (RESNE1) 
shall be used to calculate energy and demand savings. Likewise, Home Energy Raters (Raters) will follow the 
teclmical guidelines provided in the Mortgage Industry National Home Energy Rating S11Ddards when 
conducting a Rating. 

Energy and demand savings shall be estimated per home for heating, cooling, hot water, lighting, ceiling fans. 
8lld appliances, in.eluding refriserators 8lld dishwashers. To avoid double-counting of saviqs, products 
iDcluded in RNC savings should not also be included for savings UDder another program However, savings for 
efJicient products installed in the home other lban those listed above and lbat are not claimed through the RNC 
program may be captured through another program. 

Detbaltlon ofEmdent and BasellDe Cases 
The followiDs assumptions lUldedie this methodology: 

1. Program implementers are using REM/RateTM to conduct HERS ratings on each efficient new 
home built (the Rated Home). 

2. Program administrators will employ the USCI" Defined Refermce Home (UDRH) feature provided 
in REM/RateTM to estimate savings. 

The UDRH feature allows energy consumption to be compared for a Rated Home and a User Defined 
Reference Home (UDRH). The UDRH is an exact replica of die Rated home in size, structure, and climate 
zone, but the energy characteristics are defined by local code or building practices. Until such a time as a fonnal 
study characterizing baseline building practices is completed for Ohio. the UDRH shall be defined by the 
Resideotial Energy Efficiency section of the prevailiDg Ohio Building Code. As of January, 2009 the Ohio 
Building Code is based on the 2006 International Energy CoDSCIVation Code (IECC). Section 0 provides the 
energy related requim:nents of the 2006 mcc lbat shall be used to create the UDRIL 

While the assumption is that the HERS software employed by program implemraters will be REMJRatent, any 
RESNET approved software PJOSl'lllll may be used. For recommendations on estimatins savings using a ratios 
tool other lban REM/Rate'lll. see section titled Other Software (below). 

DetlDIUons and Acronyms 
HERS- Home Energy Rating System 

HERS Prov/du - A firm or organization that develops, manages, and operates a home energy rating system and 
is currently accredited by RESNET 

Home EnDflY RJller or Rater- The person trained and certified by a HERS Provider to perform the functions 
of iospectiDg and analyzing a home to evaluate the mjpjmnm rated features and prepare an energy efficiency 
rating 

JECC - Intemational Energy Conservation Code 

llaWI Home - The specific home be.ins evaluated using the rating procedures contained in. the National Home 
Energy Rating Tec:hnical Guidelines 
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Rating Tool - A procedure for calculating a home's energy efficiency rating, amrual energy consumption, and 
aonual energy costs and which is listed in the .. National Registty of Ac.credited Rating Software Programs" as 
posted OD the RESNET web site 

Refnence Home - A hypothetical home configured in accordaoce with the specifications set forth in the 
National Home Energy Rating Technical Guidelines for the purpose of calculaling rating scores 

REM/Ra~™ - RESNET approved residential energy analysis. code compliance and rating software supported 
by Architectural Energy Corporation, QWNdtt;Qmv,com 

RNC - Residential New Coosttuction 

RESNET- Residential F.nergy Services Netwodt. the national standards making body for building energy 
efficiency rating system, www.rcsnetus 

UDRH - User Dtefined Reference Home is a feature of REM/Ratena that enables the HERS provider to create 
other reference buildUJss based OD local constiuction practice, local code etc. that can be compared to the rated 
home 

Calculation of Savlnp 

EDel'IY Savlnp 
Energy savings. including fossil fuel savings, for heating. cooling, hot water. lighting. and appliances noted 
above will be a direct output of REM/Rate111 (or other RESNET approved) energy modeling software. Energy 
savings shall be calculated on a per home basis by the following calculation: 

EoeraY savings = UDRH eneIIY consumption - Rated Home energy consumption 

The UDRH shall be defined by the 2006 IECC, with some supplemental clarifications, and is provided in Table 
3 in the section titled User Defined Reference Home (UDRH) Specifications below. 

For RNC projects that participate through a RESNET-approved sampling protocol, energy savings shall be 
determined based OD the savings from the model home, linearly adjusted based OD floor area to a1I other homes 
included in that sample set Chapter 6 of the RESNET Mortgage Industry National Home Energy Rating 
Standanls provides technical guidelines on the sampling protocol. 

Demand Savlnp 
Electric demand saviuss for heatio& cooling, hot water, lighting, and appliances are a direct output of 
REM/Rate111 (or other RESNET approved) energy modeling software. System peak electric demand savilJss 
shall be calculated on a per home basis by the following calculation: 

Coincident system peak electric demand savings = 
(UDRH electric demand - Rated Home electric demand) • CF 

Where RNC prosrams enforce right-sizing of mechanical equipment. the following calculations shall be used: 

Where: 

Coincident system peak electric demand savings = 
((UDRH electric demand • OFUDRH) -(Rated Home electric demand• OFr )) • CF 

CF= Coincidence factor which equates the installed HV AC system's demand to its demand at time of 
system peak 

OFUDRH = <>ver-sizing factor for the HV AC unit in the UDRH home 
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OFr = Over-sizing factor for the HV AC unit in the Rated Home 

Rated Home =Rated Home electric demand output from REM/Ratent 
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UDRH = Usa Defined Reference Home electric: demand output from REMJRatenr 

Table I provides a summary of the ioput values and their data sources. 

Table 1. Peak Demand Variable Deftnlttoas 

Variable Twe Value So111'CtS 
OFUDRll Fixed 1.60 PSE&G 1997 Residential New Construction baseline study. 

2004 Long Island Power Authority Residential New Construction 
Teclmical Baseline Study values of lSS% to l 72o/o over-sizing confirms 
this value. 

OF. Fixed l.lS - llllideline for rated home ... 
CF Fixed 0.50 Based on Energy Center of Wisconsin, May 2008 metering study; 

"Centtal Air Conditioning in Wisconsin, A Compilation of Recent Field 
Research". o32 

Llglat1D1 and Appliances 
REM/RateTM offers two input modes for Lights and Appliances: simplified and detailed. The simplified input 
mode, or •"Lights & Appliances - HERS". is the default mode in REM/Rate111 and is used to cakulale a HERS 
Index. The detailed input mode, or ••Lights & Appliaaces -AUDIT'', is used to capture additional lightins and 
appliance data. Since only the simplified input mode is used when calculating a HERS Index, the simplified 
mode shall be used when caloilating energy and demand savings for RNC. 

Energy and demand savings shall be estimated per home for heating, cooling, hot water, lighting, ceiling fans, 
and appliances, including refrigerators and dishwashers. To avoid double-counting of savings, products 
included in RNC savings should not also be included for savinp under another program. However, savings for 
efficient products installed in the home other than those listed above and that are not claimed through the RNC 
program may be captured through another program. 

User Deftaed Refel"tllct Home (UDRB) Feature 
The UDRH feature in REM/RateTM provides a home-by-home comparison of eneJBY consumption against a 
user-defined Rference home. REM/Ratenr modifies the thermal and ena-gy perfonmmce features of the Rated 
Home to the specifications provided by the UDRH. leaving the building size, structure and climate zone the 
same as the Rated Home. The energy CODSUIDption of the Rated Home can then be compared to the energy 
consumption of the same home had it been built to different specifications. 

The UDRH shall be defined by the Residential Energy Efficiency section of the prevailing Ohio Building Code. 
As of 1amwy, 2009 the Ohio Building Code is based on the 2006 Intematiooal Energy Conservation Code 
(JECC). Therefore, energy and clemand savings in Ohio will be based on the differeoce in estimated energy 
consumption of the program home, and that same home had it been built to 2006 (or any subsequently-updated) 
IECC specifications. 

For REM/Ratenc. the UDRH specifications are contained in an ASCil saipt tile that follows a specific syntax. 
Details on creating a UDRH file can be found in the REM/Ratenr Help module. Inpuls for a UDRH file based 
on 2006 JECC (with supplanmtal clarifications) can be found in Table 3 in the section tided User Defined 
Refemice Home (UDRH) Specifications below. 

A UDRH report may be run singly for each home, or in batch mode for multiple homes. Data from the UDRH 
report may also be exported from REM/Rate™ to an Access database for additional data manipulation and to 
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calculate savings. Additional information on using the UDRH batch export feature can be found in the 
REM/Ratenr Help module. 

Ohio CUmate Zones 
Climate zones :from Figure 1 or Table 2 shall be used in detennining the applicable energy requirements for the 
UDRH. De1ails of the UDRH are listed in Table 3. 

Ftpre 1. Ohio CUmate Zones Map 
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Table 2. Ohio Climate Zones by County 

omo 
Zones 

euentZone4 
Adum 
Brown 

Clermont 
Gallia 

Hamilton 
Lawrence 

Pike 
Scioto 

Wasbinaton 
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User Defined Reference Home (UDRH) Specifications 
Table 3 below provides inputs for a UDRH based on the 2006 IECC, with some supplemental clarifications. 

Table 3. 2006 IECC UDRH Spedficatiom 

DmPalnt Value Unit 

1·niii111iaR>inaerm.rEawlli•'~ __ _. . . 
--~-; 

Zone4 Zone$ 
Feneslralion 0.40 035 U-factor 
Sltvliaht 0.60 0:60 U-factor 
Glazed Fenes11ation SHGC 0.40 0.40 SHGC 
Ceil in• .030 .030 U•factor 
Wood Fnme Wall .082 .060 U-factm 
Rim and Band Joists .082 .060 U-factor 
Mass Wall .141 .082 U-factor 
Frame Floor .047 .033 U-factor 
Basement Wall .OS9 .OS9 U~factor 

Slab. unheated 10.2 10.2 R-wlue.ft 
Slah.maled lS.2 lS. 2 R-wlue.ft 
Crawl Smee Wall .06S .065 U-factor 
Air Infiltration Rate .00036 .00036 SI.A 

-~Midi'laliiliSfteeau · 
~ .-- -"- . ~ - .... ~· - -

Furnace 80 AFtJE 

Boiler 80 AFUE 
Heat Pumo. -- . 7.7 HSPF 
Cennl Air Conditioninll 13 SEER 
Heat Pumo. r " 13 SEER 
Water Heating. ps 0.58 BF 

Water HeatilHL oil o.so EF 
Wam healimz. elccldc 0.90 BF 
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SaulW Comment 
~.,, - - -.·· ~ - .. ....,., .• ~ l'. - ~ ~ 

. -- -- • ~ 

2006 mcc Table 402.1.3 
2006 IF.CC Table402.1.3 
2006 mcc Table 404.5.un No · · e reauimnenL 
2006 mcc Table402.l.3 
2006 IF.CC Table 402.1.3 

Code 1muinment for wood fiame wall. 
2006 IF.CC Table 402.1.3 
2006 mcc Table 402.1.3 
2006 IBCC Table 402.1.3 
2006 IBCC Table 402.1.1 •r = feet ftom too of slab edtre below made. 
2006 IBCC Table 402.1.1 "ft"• feet ftom top of slab eel• below made. 
2006 mcc Table 402.t .3 
2006 IBCC Table 404.S.211) Approximately 7 ID 8 ACH50. 

. -- .,..,. ·- -~.., -
~·- ~ - ~ . ' - - -- - -- - - -

Federal Standard S1BDdanl is 78 AFUB, 80 AFUB is adopted based on 
typical minimum availability and onctice. 

Federal Standard 
Fedeml Standard All heat DU11H1S shall be cbaracterized as an ASHP. 
Fedeml Standard 
Federal Standard 
Federal Slandard Federal requirements vary based on tank size. The 

UDRH fea1Ure does not allow adjuslments 1D efficiency 
values based on lank size, therefore the UDRH reference 
efficiency shall be based on minimum federal efficiency 
ftllllUaneots for a SO a.a.I tank. 

Federal Standard See Water Heatina. OJUL 

Federal Standard See Water Heatina. as. 
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DataPolnt Yalue unit Source COmment 
Integrated Space/Water 80 AFUE Federal Standard, Boiler Combination space and water heating 1Dlits shall 
Heating, heating reference 1he minimum Federal standard boiler 

efficienCY for the bealina nortion of the unit 
lntegtated Space/Water .SS (gas) EF Federal Standard, Water Combination space and water heating mils shall 
Heating. water .SO (oil) healing reference the minimum Federal standanl water heating 

.90 (electric) eflicimcv for the water heatiu mrtioo of the unit. 
The tvne Manual 2006 JECC Table 404.S.2l1) 
The coolina set noint 78 DemeeF 2006 JECC Table 404.S2ll l 
The . setnoint 68 llemeeF 2006 IECC Table 404.S.Ul) 
. Duct Insulation 8 R-value 2006 IECC 403.2.l 
Duct lnsulatilll'L in floor 1russ 6 R-Value 2006 IECC 403.2.1 
DuctT--'-- 0.80 DSE 2006 mcc Table 404.S.2<1 l 
Mechanical Ventilation n/a Ventilation is not requited by code. The UDRH shall not 

reference ventilation. This way the Jll'08l'8lll home will 
see no enerav savinm. or menrv .. fiom ventilation. 

"Lints?&;A:.nn•llC• 
- - ' -y;-- ,. .....--.-::- .. - - ... ~ ~ ~ - - - - ... --~ ~ 

,._ -·· •__, . - -· - -· --·· -- ' - ~ - ·- -
Bfticieat Llahtitur 10 Percent RESNET Slandard 
Re&ign!Or SSS kWh/yr VBIC Based on 1be weishted awrage of NAECA tmeline 

kWh/vr installed in VennonL SOOO hrlvr. 
Dishwasher 0.46 EF RFSNBT S1andard 
CeilinaFan None RE'SNET Standard 

Active Solar & Pbotovoltaia (PV) 
Solar systems installed for water and/or space heating and photovoltaic systems inslalled to meet electricity demand are not addressed in the 2006 IECC. 
However, dl8y need to be addressed in dle UDRH. If the RNC pl'081'11111 aOows for savings to be claimed fiom the use of active solar or PV systems, these 
systems should eliminated fiom the UDRH so that their savings shows up when compared to die rated home with the solar system installed. 

-

If tbe RNC Jll'08f8lll does not allow savings 1D be claimed fiom the use of active solar or PV syslems, these systems should not be included in the UDRH. When 
a system is not iefamced in 1be UDRH, that system will be 1be same in both the Rated and the Refaeoce home. This way, energy consumption for the Rated 
Home and the UDRH will be estimated marnming both configurations have tbe solar OI' PV syslem installed, so no savings will be reporled. Tbe specific syntax 
fOI' this is provided in the RBM/Rate'Df UDRH Syntax Report 
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otber Software 
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If the program implementer is using a RESNET approved software program other than REMJRaten&, where 
possible a module similar to the UDRH feature in REMJRatenl shall be used to estimate energy and 
demand savinss. If no such feature exists. the following steps shall be taken to estimate energy and demand 
savings: 

1. Model the home in a RE.SNET approved software program and capture energy coosumptioo and 
electric demand. 

2. Model the same home a second time using the 2006 UDRH specifications provided in Table 3 and 
capture energy coosumption and eleclric demand. 

3. The difference between energy consumption iD the Rated Home and the Rated Home modeled to 
2006 IECC specifications shall be the energy savings for that home. 

4. The dilference between electric cfemand in the Rated Home and the Rated Home modeled to 2006 
IECC specifications shall be the electric dem1111d savings for that home. 

Savinss from lighting and appliances shall be estimated using the alternate RESNET approved software. 
AJJ.y appliances not captured by the alternate software program shall be captured by a program other than 
RNC. 

Deemed Uletlme of Eflldeat Bal.klln1 
25 yr (for beating, cooling, and shell savings meumest46 

Deemed Mnsare Cost 
Incremental costs can be calculated for different tiers of efficient homes from the following table. 

Table 4. Incremental Costs trom BaseUne to Spedftc BERS Levels"' 

HERS70 HERS86 

Deemed O&M Cost Adjustments 
There are no operation and maintenance cost adjustments for this measure 

Fosso Fuel Impact Descrtptlous and Calculation 
Energy savings, iocludiDg fossil fuel savinss, for heating, cooling, bot water, lighting, and appliances noted 
above will be a direct ou!put ofREM/Rate'IM (or other RESNET approved) energy modeling software as 
descn"bed above 

Water Impact Descriptions and Cakolatlon 
o/a 

346 Measure Life Report, Residential and Commemal/lndust IJgbfins and HV AC Measures, ODS Associates, June 
2007; hUp;l/www stpynmrgyg/filn/MMJl$20~02007# 
147 Evaluation oftbe Massac:llusettB New Homes witb EDa8YS program: lDcremental Cost Analysts Nexus Masbt 
Researcb, lac. and Dorothy Conant, Nov. 2007 
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Whole-House Residential Retrofit 

Description 

.name End Use 
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Whole house tetrofit programs, like Home Performance with ENERGY STAR and Low Income 
Weatherization initiatives, may include a variety of treatments, includins building shell and HV AC 
upgrades and the direct installation of eoecgy efficient products. This protocol describes how building 
energy modeling of each individual home treated through a program may be used to estimate saviDgs for 
the building shell (e.g., air-sealing and insulation) and HV AC (e.g., duct sealing and central heating and/or 
cooling system replacements) measures installed in those homes. Savings fiom other measuRS such as 
efficient lighting. applianceS, or water heating should be estimated using deemed values or deemed 
calculations provided for such measures e~ere in Chis TRM. 

The alternative to using building energy modeling to develop energy savings for the shell and HV AC 
measum would be to use the deemed measure savings calculations found elsewhere in this TRM for the 
installed measures (air-sealing. insulation. duct sealing, etc.). Deemed savings calculations are simple.r to 
administer and implemmt but may be less precise because they are based on some assumed average 
characteristics of homes (e.g., average heating system efficiencies) and do not capture interactive effects 
between some measures. 

DeanttlonofEllklentCase 
House as treated by installed building shell and HV AC measures. Installed measures outside of these 
categories should follow the appropriate ~specific characterizations. 

DellDIUonofBaseUneCase 
The baseline is the house as it is before it is retrofitted with installed measures. The only exception to this 
rule is that the assumed baseline efficiency of a heating system or cenlral air conditioner that is being 
replaced should be consistent with the cwrent minimum federal efficiency standards fur such equipment, 
unless it is clear that the equipment would not have been replaced at that particular point in time were it not 
for the iDfluence of the program (i.e., the program must document that old equipment would otherwise not 
have been replaced in order to claim a baseline efficiency that is lower than cwrent minimum federal 
efficimcy standards). 

CalcalaUon of Savlnp 
The requirements for a model-based approach to savings claims are in part are delineated through 
adherence with at least one of the following Datiooal standards for whole-house saviDgs calculations: 

• RESNET348 approved rating software 
• Software energy simulation performance exceeding the ~ts of National Renewable 

Energy Laboratory's Home Energy Rating System BESTEST'49 
• US OOE Weatherization Assistance Program approvatlSO 

Proper savings estimates fiom modeling software also require that the R-value of uoinsulated walls or 
ceilings (ie., baseline conditions) should be modeled as being no less than R-S. In addition, software tools 
must be cahlnaled against actual comumption data for each treated home or from a sample sized for 9()0;0 

confidence interval and 10% margin of error statistical precision. These requirements address concerns that 
modeling software can over-estimates savings, particularly cooling savings. 

The software tools must provide ou1puts that separately account for heating and cooling energy savings so 

341 http://resnet.us 
3411 b!!p;//www.mel.aoy/doc!llegosti/M6332b.pdf 
JSO http://www.waptec.<q 
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that demand and fuel-related economic savings may be properly addressed. 

Sommer Colnddent Peak Demand Savings 

Cooling only: 
flk.W 

where: 
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=Full load cooling hours, dependent on location as below: 

:• -· - LOcattOn - - ~.in.Bo~· ·-
Akron 476 

Cincinaati 664 
Cleveland 426 
Columbus SS2 

Dayton 631 
Mansfield 474 

Toledo 433 
~ 369 

CF = Summer Peak Coincidence Factor for measure 
=O.S352 

For example if the cooling savings output from the software tool for a home in Toledo is 3SOkWh then: 

flk.W = flk.Wh I FLHcool •CF 
= 3SO / 433• O.S 
=0.404kW 

Deemed Ufetlme of Eflldent Case 
The average savings-weighted lifetime for this measure is assumed to be 20 years, based upon an 
anticipated mixture of shell and HV AC measmes that range from lS to 2S years.353 

Deemed Measure Cost 
The total of the actual costs in procuring and installing the equipment, materials, and/or services 

Defined O&M Cost Adjustments 
Dia 

3
" Based OD Pull Load Hour assumptions taken from the ENERGY STAR. calculator 

OdSp;/Jwww,CQUV•·m!Wb"imn"NQr IDISbe'inaDIMYina qk/CV C4C.Jls> and reduced by 33% due to 
assumption that tbe averap air ccmditionio& is owrsized by 50% (Nam, Proctor, Nadal, 1999; "National Energy 
Savings PoteDtial From Addressing Residential HV AC 1Dstallation Problems"). Note this approach resulls in ibD load 
hour estimates wilbin 10% of measured estimates fiom the Energy Center of Wasconsin, May 2008 study; "Central Air 
Conditioning in Wasconsin, A Compilation ofReceot Field Raean:h." 
m Based OD Energy Center of WisconsiD, May 2008 metering study; "Central Air Conditioning in WJSCODSin, A 
C!>JDPilatiOD of Recent Field R.esearc:h", p32 
:sn A review of actual measures installed tbrousb the program should be conducted to assess wbelber OD a aaviDp basis 
the weiabtecl average should be adjusted in ac:cordaDc:e wUh a measure distribution that filvon longer (msulatioo) or 
shorter (air sealiog) lifetimes. 
2010 Ohio Technical Reference Manual - August 6, 2010 14S 
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Ill. Commercial & Industrial Market Sector 

Electric Chiller (Time of Sale) 

Descrlptton 
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This measure relates to the iostallation of a new electric chiller meeting the efficiency standards presented 
below. 1bis measure could relate to the replacement of an existing unit at the end of its uset\Jl life, or the 
installation of a new system in an existing building {ie. time of sale). Only single-chiller applications 
should be assessed with this methodology. The characterization is not suited for multiple chillers projects 
or chillers equipped with variable speed drives (VSDs). Multiple chiller projects and chillers equipped with 
VSDs should be evaluated on a custom basis. 

Detlnltton ofEalclent Equipment 
ID order for this characterization to apply, the efticimt equipment is assumed to exceed the efficiency 
requjrements of the 2006 Intemational Energy Conservation Code, Table 503.2.3(7). 

Detlnltton of Basellne Equipment 
ID order for this characterization to apply, the baseline equipment is assumed to meet the efficiency 
reqWrements of the 2006 lntemational Energy Conservation Code. Table 503.2.3(7). 

Deemed Calculation for this Measure 

AnnualkWhSavings=TONS • {{3.516/IPLVbase)-(3.516/IPLVee)) • EFUI 

Summer Coincident Peak kW Savings= TONS• ((3.516/COPbase)-(3.516/COPee)) •CF 

Deemed Lllettme of Eftklent Eqolpment 
The expected measwe life is assumed to be 20 years 354• 

Deemed Measure Cost 
The incremental capital cost for this measure is provided below. 

Water cooled, electrically operated, 
positive displacement (rotary screw and 
scroll) 

All capacities 

< 150 tons 
>= 150 t.oDs and< 300 
tons 
>=300tons 

$22/ton 

$128/ton 

$70/ton 

$48/ton 

3
S4 2008 Database for EnersY-Efticienc:y Resources (DEER), Version 2008.2.0S, "EtfectivelRanainin Useful Life 

Values", C8lifomia Public Utilities CommiaaioD, December 16. 2008 
~://deeresourc:es.comldea091 lplaooingldownloads/EUL _Summary_ l0-1-08.xls) 
'' 2008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.0S, "Cost Values and SUmmary 

Documeatation", califomia Public Utilities Commission, December 16, 2008 
(http://deeresources.comldeer09llplaDnioft'dowoloads/DEER.2008_C.osts_ValuesAndDocumentioa_080530Revl.zip 

~ cak:ulated as the simple average of screw and reciprocatiq air-cooled chiller incremental costs from tbe reference 
noted in Footnote 3SS. 
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Incremental Cost 

All capacities $177/toom 

Deemed O&M Cost Adjustments 
Dia 

Colnddence Factor 
The summer peak coincidence factor for this measure is assumed to be 74%3ss. 

CalcalaUon of SaWlp 

Enerv Sa\'tnp 

REFERENCE SECTION 

AkWH =TONS • ({3.Sl6JIPL Vbase) -(3.Sl6/IPLVee)) • EFLH 

Where: 
TONS 

3.516 

IPLVbase 

IPLVeelS!> 

EFLH 

.. - -~ -

=chiller nomiual cooling capacity in tons (note: I ton= 12,000 Btulh) 
= Actual installed 
= conversion factor to express Integrated Part Load Value (IPL V) in terms of 
kW per ton 
=efficiency of baseline equipment expressed as Integrated Part Load Value. 
Dependent on chiller type. See Table A in the Reference Tables section. 
=efficiency of high efficiency equipment expressed as Integrated Part Load 
Value 
= Actual installed 
= equivalent full load hours 
Dependent on location as below: 

EPLH btl.ocitloli~ 
- . -· 

Sntem TY.D:e '~ I ~ Altro· l dolmilb.m tlncfnaau , ~CleYeimd , Dnton, MamJielcii Toledo 
CV reheat. no economizer 2.866 2,633 2,940 2,762 3,063 2,960 2,743 
CV reheat. economizer 793 941 9SS 932 976 921 859 
VAV reheat, economizer 788 946 974 768 896 669 848 

Sammer Colnddent Peak Dt-mand Savlnp 
AkW =TONS• ((3.Sl6/COPbase)-(3.Sl6/COPee)) •CF 

Where: 

COPbase =efficiency of baseline equipment expressed as COP 

:m Calculated as tbe simple average of non-VSD water-cooled centrifup1 cbiller incremental costs from the reference 
noted iD Footnote 3SS. 
"' SUmmer Peak Coincidence Factor has been preserved from the "Tedmic:al Refereoce Manual (l'RM) for Obio 
Senate Bill 221 Energy EfliciaJcyand C'.oaservation Pro8JIDl and 09-512-0E·UNC", October lS,2009. This is likely a 
comervative estimate, but is recommended for 1brtber study. 
,,, Integrated Part Load Value is sJmply a seasonal avemge efficiency rating c:alculated in accordance with ARI 
Scandard SS0/590. It may be calculated using any measure of efticiency (EER, kW/too, COP). but for coosisteocy with 
IECC 2006, it is expiessed in tmns of COP here. 
•Cooling BPLHs have been preserved &om the "Tecbnical Reference Maoual (TRM) for Obio Senate Bill 221 
EDergy E.t'liciency and Conservation Propmn and 09-512-0E·UNC", October lS, 2009. These appear reasonable, but 
are rtt<>llllMDded for further study. 
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Dependent on chiller type. See Table A in the Reference Tables section. 

CO Pee =efficiency of high efficiency equipment expiessed as COP 
= Actual installed 

CF = Summer Peak Coincidence Factor for measme 
=74% 

FossD Fuel Impact DescrlpUons and CalmlaUou 
Dia 

Water Impact DescrlpUons and Calmlattou 
o/a 

Deemed O&M Cost AdJustmeQt CalcalaUou 
Dia 

Relereott Tabin 

>=ISO tons 

All acities 

cities 
< 150tons 

Water cooled, electrically 
operated, positive >= 150 tons and < 

2.SO IPL V 2.50 COP 

3.lOIPLV 3.lOCOP 

4.65 IPL V, 4.20 COP 
4.50 IPL V 4.45 COP 

displacement (rotary screw and ......,300-....tons---. ___ ,._.4.-.9.._5 .... IPL..--N.......,4 .... 90.......,CO..;;;.;;..P___. 
scroll) >= 300 tons S.60 IPL V 5.50 COP 

< 150 tons S.00 IPLV 5.00 COP 

Water cooled, electrically 
c 

>= 1 SO tons and < 
300tons 
>=300tons 

S.5S IPLV 5.55 COP 
6.10 IPLV, 6.10 COP 

J6t 2006 JnlmJational Energy Conservation Code, Intemational Code Council, IDc., January 2006. 
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C&I Lighting Controls (Time of Sale, Retrofit) 
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.name Eid Use 

Dffcrlptton 
This measme relates to the installation of a new lighting control on a new or exisliog lighting system. 
Lighting control types covered by this measure include wall- or ceiJ.ina-mounted occupancy sensors, fixture 
mounted occupancy semors, remote-mounted daylight dimming sensors, fixture mounted daylight 
dimming sensors. central lighting controls (timeclocks). and switching controls for multi-level lighting. 
This measure could relate to the installation of a new system in an existing building or a new construction 
application (i.e., time of sale). Lighting controls required by state energy codes are not eligible. 

DelDIUon or Eflldent Equipment 
In order for this characterization to apply, the efficient equipment is aSS\UDed to be a lighting system 
conlrolled by one of the lighting controls systems listed above. 

DelDIUon of BueUDe Equipment 
The baseline ~ment is assumed to be an uncontrolled lighting systems operated by a manual switch. 

Deemed Calculation for this Measure 

Annual kWh Savings = kWcontrolled • HOURS • (1 + IFkWb) • ESF 

Summer C.Oincident Peak kW Savings =kW controlled • (1 + IFkW) • ESF • CF 

Deemed Ufetlme of Emdent Equipment 
The expected measure life for all lighting controls is assumed to be 8 years 362• 

Deemed Measure Cost 
The incremental capital cost for this measure is provided below. 

Cost 

362 2008 Database for Energy-Efficieoc:y Raotm:eS (DEER}, Version 2008.2.05, "Effective/Remaining Usetbl Life 
Values", califonUa Public Utilities Commisst.on. December 16, 2008 
~ttp://deeRSources.com/deer091lpJanningldownloads/EUL_SUmmary_10-l--08.xl&) 

Goldberg et al, State ofW&SCODSin Public Service O>mnrission of WISCODSin, Focus on Energy Evaluation, Business 
Programs: Incremmtal Cost Study, KEMA, October 28, 2009. 
3"1bid 
365 E.flicieDcy Vermont Teclmical Reference User Manual (TRM) Measure savings Algorithms and Cost Assumptions, 
F~. 19,2010. 
*Ibid 
..,Ibid 
361 Goldberg et al, State ofWucoasin Public Service Commission ofWJSConsin, Focus on Energy Evaluation. Business 
Proja11111: IDcremenCa1 Cost Study. KEMA. October 28, 2009. 
18 2008 Database for Energy-Efficieoc:y Resources (DEER), Version 2008.2.05, "Cost Values and SUmmary 
Documeotatioo", C8lifomia Public Utilities Commission, December 16, 2008 

2010 Ohio Technical Reference Manual - Auaust 6, 201.0 149 
Vermont Energy Investment Corporation 



Deemed O&M Cost Adjustments 
o/a 

CalcalattoD of Savlnp 

EDel'IY S8v1Dp 

REFERENCE SECTION 

&Wh = kWcontrolled *HOURS • (1 + IFkWh) • ESF 

Where: 
kW controlled = total lighting load coonected to the control in kilowatts 

= Actual illstalled 
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HOURS = total operating homs of the controlled lighting before the lighting controls are 
installed. If actual site.specific value is unknown. assume default values 
dependent on build.ins type as below: 

BuD~~~-. '•·· Ho~; ''"-·" 
Food Sales 5 544 
Food Service 4,482 
HealthCare 3,677 
Hotel/Motel 3,356 
Office 3.526 
Public Assembly 2.729 
Public Services (non-
food) 3.425 
Retail 4,226 

Warehouse 3.464 
School 2.302 

(http://deeresources.com/deer0911pJ•nning/clownloads/DEER2008_Cosls_ValuesAndDocumeaticm_080S30Revl.zip 

~ Coincidence Factor Study Residential and Commercial Jndustrial Li8btiDg Measures, RL W Analytics, Spring 2007. 
m Dricl. 
m KuikeD et al, Focus OD Energy Evaluation, Business Propams: Deemed saviDp Manual Vl.O, KEMA, Man:h 22, 
2010. 
:m Drid. 
J7411rid. 
37' Comervalive assumption based on professional juclplent consicleriDg that timeclocks • unlikely to produce 
~cant saviDp duriq tbe summer cm-peak period. 

KuikeD et al, "State ofWasconsin Public Service Ommrinioo ofWlSCODSill Focus oo Energy Evaluation Business 
Propams: Deemed SaviDp Panmleta' Development", KEMA, November 13, 2009, unless otherwise noted. 
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IFkWh 

ESF 

Industrial - I Shift 
Induslrial - 2 Shift 
Induslrial - 3 Shift 
Exterior 
Other 3,672 
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= lighting-HV AC Intention Factor for energy; this factor represents the reduced 
electric space coolina requirements due to lbe reduction on waste heat rejected 
by the e.fJiceot lighting. 
= 0.09S (interior fixtures), 0.000 (exterior fixtures)'81 
= Energy Savings Factor; pen:eot operating hours reduced due to the installation 
of the occupmcy lighting controls or timeclocks, or percent wattage reduction 
multiplied by the homs of dimming for dimming lighting controls and multilevel 
switching. 
Dependent on control type as below: 

30% 

30% 
g 30% 

10% 

Sammer Colncldeaf Peak Demand SaYIDp 

Where: 

l\kW = kWconnected • (1 + IFkW) • ESF • CF 

WkW = lighting-HV AC Interation Factor for demand; this factor represents the 
reduced electric space cooling requirements due to the reduction on waste heat 
rejected by the e.fJicent lighting. 
= 0.200 (interior fixtures). 0.000 (exterior fixtures)m 

377 UI and CL&:P Prosram savings Documeotation for 2010 Program Year, United muminatillg Company, SepCember 
2009. 
mlbid. 
379 1bid 
JIO Bm:rior liptillg 3,833 bours per year assumes 10.5 hours per day; typical average for photocell coatroL 
m Interactive factor data based on a series of prototypical small commercial building simulation rum. Values shown 
are weighted averages across fast food latauraDt, full service restaurant, assembly, big box retail, small retail. small 
office, lipt iDdustria1 and school building models. The prototypes are based OD Che califi>mia DEER study prototypes. 
modified for local construction practices. Simulations were nm using 1MY3 weather data for the followins Ohio 
cities: Cincinnati, Cleveland, Columbus and Dayton. Building prototypes used in the energy modetiog are described in 
~A - Prototypical Buildiq EDagy Simulation Model Development 

Energy Savings Pacton detmnined &om a miiew ofEflicieac:y Vermont Teclmical Reference U.sez Manual (TRM) 
Measure Savings Algoritbms and Cost Assumptions, February, 19, 2010, New York standard Approach for P.stimatiDg 
Energy SaviDp from Energy Efficiency Measures iD Commerc:ial and lnduslrial Programs, TecMadcet Wolks, 
5eptember 1, 2009, OOJdbers et al, State ofWISCOllSin Public Service Comnrission ofWISCOJISin, KDikeo et al, Pocus 
on Energy Evaluation, BusiDess Propams: Deemed 5aviDp Manual Vl.O, KEMA, Man:h 22, 2010. 
,., Interactive filctor data based on a series of prototypical small commerda1 building simulation nms. Values sbown 
are weighted averages armss fast food restaunmt, full service restaunmt, assembly, big box ret8il. small retail, small 
oflic:e, light industrial and school building models. 1be prototypes are based on tbe Califomia DEER study prototypes. 
modified tor local construction practices. Simulations were nm using 1MY3 wealber data for tbe following Obio 
2010 Ohio Technical Reference Manual - August 6, 2010 lSl 
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Dependent on control type as presented in the introductory "Coincidence 
Factor" section. 

Fosso Fuel Impad Descriptions and Caladatton 

Where: 

= t\kWh • IFMMlllla 

= ligbting-HV AC Intmtion Factor for gas heating impacts; this factor 
represents the increased gas space heating requirements due to the reduction of 
waste heat rejected by lbe efticent lighting. 
= -0.0028 (interior fixtures), 0.0000 (exterior fixtures) 384 

Water Impact Descriptions and CalculaUOD 
JJ/a 

Deemed O&M Cost AdJastment Calculation 
JJ/a 

Effective date: 
End date: 

cities: Cjncinnati, Cleveland, Columbus and Dayton. Building prototypes used in the energy modeling are described in 
~A· Prototypic:al Building Energy Simulation Model Development 

Ibid. 
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Lighting Systems (Non-Controls) (Time of Sale, New Construction) 

· ~End l:Jse 

Description 
This measme relates to the installation of new lighting equipment with efficiency that exceeds that of 
equipmeot that would have hem installed following slalldard lllllket practices. 'Ibis characterization 
includes compact ftuorescent lamps (CFLs} and fixtures, linear ftuorescent lamps and fixtures, linear 
flU01CSCmt fixtures replacina high-intensity discharge (HID) fixtures in high-bay applications, and high­
intmsity cliscbarge (IUD) fixtures. This measme could relate to the replacement of an existing unit at the 
end of its useful life or the installation of a new unit in a new or existing facility. 

Definition of Eftldent Equipment 
ID order for dlis cbaracterization to apply, the efficimit equipment must have higher efficiency than the 
existing equipment and meet program specific equipment criteria. 

Definition of BaseUne Equipment 
The assumed baseline equipment varies by technology type. 

C!mpast flgorpceat LI•• 
Deemed Calculation for Compact Fluorescent Lamps 

This measure relates to the installation of a new ENERGY STAR. certified compact fluorescent screw-in 
lamp (CFL) (for those equipment types for which an ENERGY STAR. category exists). This measure could 
relate 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 (ie. time of sale). This measure applies to the installation of a screw-in CFL 
replacing a standard general service incandescent lamp. 

Annual kWh SaviogsllS = (WATI'See • 2.79) •HOURS• (1 + WHFe) / 1000 

SummerCoincidentPeakkWSavings=(WATI'See • 2.79) •CF• (1+WHFd)/1000 

Note: The multiplier should be adjusted accordmg to the table below to account for the change in 
baseline stemming from the Energy Indepcndcoce and Security Act of 2007 discussed below: 

€F'LWatt'91e 
~~~~~~~~~~""'-~~~~ 

IS or less 2.79 2.79 2.79 
16-20 2.79 2.79 1.68 

21W+ 2.79 1.73 1.73 1.73 

BaseUne Adjustment for Compad Fluorescent Lamps 

m Kuiken et al, Focus OD Eoqy Evaluation, Bnsjneg Programs: Deemed Saviop Manual Vl.O, KEMA, March 22, 
2010. Source doc:umeDt cites several evaluations iadicatms that the overall average existing iacaDdesceDt lamp wattage 
is 7S.7W and tbe overall averagereplac:eaatwattage is 20.0WforCFU ~ 32W. For Ille pwposes oftbis 
characterimtiou, it is assumed that tbe baseline and efficient wattages are directly propmtiona1. 'Ibese assumptions 
bave been simplified as follows: (W ATl'Sbale- WATI'See} = ((75.7/20.0)• WA'ITSee)- WATISee = WATI'See • 
2.79. 
,. Calc:ulated by finding the new delta watts after iJlcandescent bulb wattage reduced (from lOOW to 72W in 2012, 
7SW to S3W in 2013 and 60W to 43W in 2014). 
2010 Ohio Technical Reference Manual - Au&ust 6, 2010 1S3 
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Federal legislation stemming from the Energy Independence and Security Act of 2007 will require all 
general-purpose light bulbs between 40 and lOOW to be approximately 3004 more energy efficient than 
cwrent incandescent bulbs, in essence beginniag the phase out of standard incandescent bulbs387. In 2012 
lOOW incandescents will no longer be manufactured, followed by restrictions on 75W in 2013 and 60W in 
2014. The baseline for this measure will therefore become bulbs (llDPfOVed incandescait or halogen) that 
meet the new standard. 

To account for these new standards, the first year annual savings for this measure must be reduced for 
lOOW equivalent bulbs (21 W+ CFLs) in 2012, for 75W equivalent bulbs (16-20W CFLs) in 2013 and for 
60 and 40W equivalent bulbs (lSW or less CFI..s) in 2014. To account for this adjustment the delta watt 
multiplier is adjusted as shown above. In addition, since during the lifetime of a CFL, the baseline 
inamdescent bulb will be replaced multiple times, the llDllual savmss claim must be reduced within the life 
of the measure. For example. for lOOW equivalent bulbs (21W+ CFLs) installed in 2010, the full savings 
(as calculated above in the Algorithm) should be claimed for the first two years, but a reduced annual 
savings cJallned for the remainder of the measure life. 

The aeIJ!OPriate adjus1ments as a pen:encage of the base year savings for each CFL range are provided 
belowl": 

CFL' SaYIQ as Perceataae of Bue ~elll' S.vlnn 
11 

~ 

w~ 2•- 0012 - ' 2013 201AliDI 
2011 / ' .Beyonl -

IS or less 100% 100% 100% 62% 
16-20 100% 100% 60% 60% 
21W+ 1000/o 62% 62% 62% 

Deemed O&M Cost Adjustment Calculatton for Compad Fluorescent Lamps 
In order to account for the shift in baseline due to tbe Federal Legislation discussed above, the levelized 
baseline replacement cost over the lifetime of the CFL is calculated (see CFL baseline savinas shift.x}s). 
The key assumptions used in this calculation are documented below: 

lacement Cost 
Component Life (years) 
(based on lamp life I assumed 
annual run hoW'S 

$2.00 
0.81 

The calculated net present value of the baseline replacement costs for CFL type and installation year are 
presented below: 

2010 ' 
21W+ $6.34 $6.91 $1.SO 
16-20W $5.80 $6.34 $6.91 

317 btlp://www.p.gov/fdsysfpJcWBILLllOhr6ear/pdf7BILLS-110hr6eur.pdf 
• Cak:ulated by fiDdiDg the ndio of delta watt savinp before and after the legislation cbaage (fiom lOOW to 72W in 
2012, 7SW to S3W in 2013 and fJOW to 43W in 2014). 
•Assumes rated we of incandescent bulb of approximately 1000 hours. 
JllO VEIC best estimate of future tec:bnology. 
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llDeDt Costs 
2013 201100 
$6.91 $7.50 

This measure relates to the iDstallation of a new ENERGY ST AR certified compact fluoresceot lamp (CFL) 
fixture (for those equipment types for which an ENERGY STAR categoiy exists). This measure could 
relate to the replacing of an existing unit at the end of its useful life, typically during a major renovation. or 
the installation of a new system in a new or existing building (i.e. time of sale). 1bis measure applies to the 
installation of a pin-based CFL fixture (including modular lamp and ballast) replacing a standard general 
service incandescent lamp. 

AnnualkWhSavings391 =(WATTSee*2.79) •HOURS• (1+WHFe)/1000 

Summer Coincident Peak kW Savings=(WATISee * 2.79) •CF• (1+WHFd)/1000 

Note: The multiplier should be adjusted according to the table below to account for the clumge in 
baseline stemming ftom the Energy Independence and Security Act of 2007 discussed below: 

€Fl!.,W8tt81e DeJl* Watts MultbiDr· -
2009-2-011 2012 2Q13 2t14aad 

I ~·d ' 
15 or less 2.79 2.79 2.79 1.72 
16-20 2.79 2.79 1.68 1.68 
21W+ 2.79 1.73 1.73 1.73 

BaseUne Adjustment for Compact Fluorescent Fbtures 

Federal legislation stemming from the Enmgy Independence and Security Act of 2007 will require all 
general-purpose lipt bulbs between 40 and lOOW to be approximately 30% more enmgy efficient than 
cummt incandescent bulbs, in esseace beginning the phase out of standard incandescent bulbs35'3• In 2012 
lOOW incudescents will no longer be manufactured, followed by restrictions on 75W in 2013 and 60W in 
2014. The baseline for this measure will therefore become bulbs (improved incandescent or halogen) tbal 
meet the new standard. 

To accotDlt for these new standuds, the tint year annual savings for lOOW equivalent bulbs (21W+ CFLs) 
in 2012, for 7SW equivalent bulbs (16-20W CFLs) in 2013 and for 60 and 40W equivalent bulbs (lSW or 
less CFLs) in 2014. To account for this adjus1me1lt the delta watt multiplier is adjusted as shown above. In 
addition. since during the lifetime of a CFL, the baseline incandescent bulb will be replaced multiple times, 
the annual savings claim must be reduced within the life of the measme. For example, for 1 OOW 
equivalent bulbs (21W+ CFLs) installed in 2010, the full savings (as calculated above in the Algorithm) 

391 Kuilceo et al, Focus OD Energy BvaluatioD, BusiDess Prosrams: Deemed savillp MaDua1 Vl.O, KEMA, March 22, 
2010. SOUrce documeat cites several evaluations iDdicatiDg that the overall average aistiDg iDcaDdesce:Dt lamp wattage 
is 7S.7W aad the overall avenge replacemmt wattage is 20.0W for CFLs ~ 32W. For the pmposes oftbis 
characterization, it is assumed that the baseline 8Dd efficient wattages me directly proportional. These assumplions 
bavebeensimplifiedas follows: (WATI'Sbase-WA'ITSee)= [(75.7120.0)• WATTSee]-WATTSee=WATTSee. 
2.79. 
m C&lculated by fiDdiq the new delta watts after iDamdescent bulb wattage reduced (fiom lOOW to 72W in 2012, 
7SW to S3W in 2013 mad 60W to 43W in 2014). 
J93 bttp://www.gpo.gov/fdsylllpJcWBILLS-110hr6emlpclf/BlLLS-110br6eor.pdf 
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should be claimed for the first two years, but a reduced annual savings claimed for the mnainder of the 
measure life. . 

The &pF.OPriate adjustments as a percentage of the base year savings for each CFL range are provided 
below'": 

!'< €F£ - ·- ' u P.ercfil .. e of.Base Year ~'Vlnn w • .,... 2•·- · ~oti ' 2013 ' 2014aad 
ioJ..J ; 

~d -· r 

IS or less 100% 100% 100% 62% 
16-20 lOOol& 100% 6()01(, 60% 
21W+ 1000.4 62% 62% 62% 

Deemed O&M Cost Adjutment Calculatton for Compact Fluorescent FtDures 
Conservatively not included 

Wpb Bay tlpomsmt Flgtpm 

Deemed CakalaUon tor mp Bay Fluorescent Fixtures 

J 

The assumed baseline for installation of a high bay fluorescent fixture is a metal halide system. The Faergy 
Independence and Security Act of2007 (EISA) requires that as of Janway 1, 2009, metal halide fixtures 
designed for use with lamps ~1 SO Wand ~SOO W must use "probe start" ballasts with ballast efficiency 
~4% or "pulse start" ballasts with ballast efficiency ~88. It is therefore likely that new metal halide 
fixtures will utilize "pulse start" technology. Therefore, the assumed baseline system is a D111gnetic ballast 
"pulse start" metal halide system 

Annual kWh Savinp = (WATI'Sbase- WATI'See) •HOURS• (1+WHFe)/1000 

,,. Calculated by fiDdiq the ratio of delta watt savinp before aad after the legislation cbange (from I OOW to 72W in 
2012. 7SW to S3W in 2013 and 60W to 43W in 2014). 
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Stammer Coincident Peak kW Savi.op= (WATISbase- WATISee) •CF• (I + WHFd) / 1000 

Table 4 for WATI'Sbase and WATISee values. 

Deemed 08cM Cost AdJosbneat CalcalaUou for Hiib Bay Flaoresc:ent Flxtares 

O&M c.ost ac:ljustments were developed assuming a typical baseline system aod two typical efficient 
equipment scenarios. For TSHO High Bay fixtures replacing pulse start metal halide fixtures, the levelized 
ammal baseline replacemeut cost assumption is calculated as $5.87. For TSVHO hish bay fixtures 
replaclJl8 pulse start metal halide fixtures, the levelized annual baseline replacemmt cost assumption is 
calc:ulated as -$1.69. The assumptions used to calculate these adjustmaits are detailed below. 

Baseline 320W Melal-Halide Lamp Cost: 
Baseline 320W Lamp Life: 
Baseline Lamp Labor Cost: 
Baseline 320W Ballast Cost: 
Baseline Ballast Life: 
Baseline Ballast Labor Cost: 

TS ffish-Bay Lamp Cost 
TS High-Bay Lamp Life: 
TS ffisb-Bay Lamp Labor Cost: 
TS High-Bay Ballast Cost: 
TS High-Bay Ballast Life: 
TS ffisb-Bay Ballast Labor Cost 

$2S.OO 
15,000lm 
$5.00 (15 min@ $20 per hour labor) 
$60.00 
40,000 
$22.50 (30 min @ $45 per hour labor) 

SS per lamp (assumes 4 lamps fixture) 
20,000hrs 
$6.67 (20 min@ $20 per hour labor) 
$51.00 
70,000hrs 
$22.50 {30 min @ $45 per hour labor) 

201.0 Ohio Technical Reference Manual - Auaust 6, 2010 
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T8 High-Bay Lamp Cost 
T8 High-Bay Lamp Life: 
T8 High-Bay Lamp Labor Cost: 
T8 High-Bay Ballast Cost 
T8 High-Bay Ballast Life: 
T8 High-Bay Ballast Labor Cost: 

$1 O per lamp (assumes 6 lamp fixture) 
18,000lus 
$13.33 (40 min @$20 per hour labor) 
$100.00 (2 ballasts) 
70,000lus 
$45 (60 min@ $45 per hour labor) 

Rieb EIDdwy Llpgr f]gomcept F11tpm 

Deemed Calculation for Blab Ealdeney Fluorescent Fixtures 
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The assumed baseline for iDs1allation of a ftuoresceot fixture varies by the efficient system installed. High 
Perf~ce and Reduced Wattage T8s must comply wi1ll the requirements as published by the 
Consortium for Encqy Efticienc?5. 

Annual kWh Savings= (WATI'Sbase-WATl'See) •HOURS• (1+WHFe)/1000 

Summer Coincident Peak kW Savings= (WATTSbase-WA'ITSee) •CF• (1+WHFd)/1000 

See Table S for WA1TSbase and WATI'See values. 

Basellne Adjustment 
The U.S. Department of Energy issued on June 26, 2009 a final rule, amending the energy conseivation 
standards for 

equipment types, baseline lamps will become 
unavailable and participants will be required to upgrade both lamps and ballasts to High Performance T8s, 
lhus negating any savings. Assuming a typical lamp bas a lifetime of 18,000 hours and is operated 3,730 
hours per year, new lamps installed shortly before the impending fedenl standards take effect will need to 
be replaced in mid-2017, indicatins that savings should be claimed for only 7 years for measures installed 
in 2010. This baseline adjustment bas been incoiporated into 1he measure life for the applicable equipment 
types. 

Deemed o&M Cost Adjustment Calculatlou 
Conservatively not included 

Deemed Calculatloa tor Metal Halide Track Llsbtlnl 

A metal-halide track head produces equal or more light as compaml to halogen track head(s). while using 
fewer watts. This measure applies to the installation of a metal halide track head replacing (a) halogen track 
head(s). 

Amma1 kWh Savings= (WATI'Sbase- WATI'See) •HOURS• (1+WHFe)/1000 

Jts lbe Consortium for Eaagy Eflicienc:y publishes die HIP Pafomwlce T8 SpeciflcalioDs and the Reducecl Wattage 
T8 Specificatioas pe:riodical1y including a list of qualifying equipment at the following address: 
='!:/lwww.ceel.cqfcomlcom-lt/com-lt·maiD.pbp3 

For more infonnatioD, see "llttpj/lqwl FC'MPDY emrOmjhtipplmmJi!OO! ·~ pdf." 
'W1 Neubauer, M., Ka-BOOM! 1be Power of Appliaoce Slandmds Opportunities for New Federal Appliance and 
Bquipment SIBDdants, ACEEE, July 2009. 
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Summer Coincident Peak kW Savings= (WATTSbase-WATISee) •CF• (1+WHFd)/1000 

See Table 6 for WATI'Sbase and WATI'See values. 

esnmt Mstal Bell@ FIJlam 

Deemed Calculation for Ceramic Metal Balkle Fhtares 

Ceramic Metal-Halide is a new type of metal-halide that provides excellent light quality with a high color­
renderiq index. It is typically used in place of balogm bulb(s) in applications that require excellent light 
quality and/or tight beam control Ceramic Metal-Halide bulbs have high lumm OU1put, and thus can 
replace multiple halogen .fixtures. 

AnnualkWh SaviDp= (WATTSbase-WATISee) •HOURS• (l + WHFe)/ 1000 

Summer Coincident Peak kW SaviDp = (W ATTSbase - WATTSee) •CF • {l + WHFd) / 1000 

See Table 7 for WATTSbase and WATI'See values. 

Deemed O&M Cost Adjustment Calculation for Ceramic Metal Hallde Fixtures 

O&M cost adjustments were developed assuming a typical baseline and efficient equipment scenario. For 
ceramic metal halide fixtures replacing halogen fixtures, the levelized 81111ual baseline replacement cost 
assumption is calcuJated as $24.29. The assumptions used to calculate these adjustments are detailed below. 

Baseline 75W Halogen Lamp Cost: $30.00 (3 lamps) 
Baseline 7SW Halogen Lamp Life: 2,SOO hrs 
Baseline 75W Halogen Lamp Labor Cost: $2.67 

70W CMH Lamp Cost 
70W CMH Lamp Life: 
70W CMH Lamp Labor Cost 
70W CMH Ballast Cost: 
70W CMH Ballast Life: 
70W CMH Ballast Labor Cost 

Deemed Ufetlme of Emdent Equipment 

$60 
12,000brs 
$2.67 
$90 
40,000brs 
$22.SO {30 min@ $4S per hour labor) 

The expected measure life is dependent on technology type as below: 

Jtl Kuikm et al, Pocus OD Energy Evaluation, Business Programs: Deemed Savings Manual Vl.O, KEMA, March 22, 
2010. Assumes 12,000 hours lamp lifetime with exteaded bum times per start typical in commercial applications. 
Assinniq 3, 730 amwal liibtina operatiq hours for lhe commercial sector fi'om the soun:e document, Ille lamp lifetime 
is c:alc:ulated as: 12,000 I 3, 730 = 3.2 yean 
_, 2008 Database for Energy-Eftic:ieacy Resources (DEER), Version 2008.2.0S, "Effec:tiw/Remainiq Useful Life 
Values", Califomia Public Utilities Commission, December 16, 2008 
400 Masure Ufe Report, Residelltial and CommemaIIJDdustri Lipting and HV AC Measures, ODS Assoc:iates, June 
2007. 
http://www.dS8Veseaergy.cqlfileslMeasure%20Life%20R.eport%202007.pdf 
401 See cliscussion in measure's "Baseline Adjustment' section. 
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The incremental capital costs for this measure vary by the asswned baseline and efficient equipment 
scenarios. Incremmtal costs by measure type are presented below: 

Mital8ri :tne'' 'i'; . ·- ·.:1·' ' JiiCiemeial Gost•. ~- ·'· -
Screw-in CFL $3._. 

CFL Fixture 0-lamn) S3S-
CFL Fixture {2-Janm) S.0-' 
Rim Bav Fhuxesceat Fixture s150-
Hiah Efficiencv Linear Fluorescent Fix1ure 2S-
20 Watt Ceramic Metal Halide $130 .. '" 
39 Watt Ceramic Metal Halide $130 
SO Watt Ceramic Metal Halide $95 
70 Watt Ceramic Metal Halide $95 
100 Watt Ceramic Metal Halide $90 
150 Watt Ceramic Metal Halide $90 
20 Watt Metal Halide Track $155 
39 Watt Metal Halide Track $155 
70 Watt Metal Halide Track $145 

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

lhill .. 'i'ine, ;: ~:1· 
- ""'- f'~..i. 

Food Sales 0.92 

Food Service 0.83 

HealthCare 0.78 

Hotel/Motel 0.37 
Office 0.76 

Public Assembly 0.65 
Public Services (non-
food) 0.64 

Retail 0.84 

4C1Z Measure Life Report, Resideodal and Commercia11Indusbial Iitddin8 and HV AC Measures, ODS Associates, .June 
2007. 
40Jlbi4 
*Ibid. 
.as Based OD review ofmM assumptions fi:om Vermolll,, New Yodt, New Jersey and CODDecticut. 
-Based OD review ofTRM assumptions fi:om Venncmt, New YOik. Califomia, and Nortbwestem slateS. 
""Ibid. 
a .Efficiellcy Vamont Teclmical Reference User Manual (TRM) Measure Savings Algoritbms and Cost Assumptions, 
F~,19,2010 
- Bfficieacy Vennont Teclmical Refeaeuc:e User Manual (TRM) Measure Savillgl Algorithms and Cost Assumptions, 
F~, 19, 2010, p. 110(iDc:rementalcosesvary1iom S20 to $27.SO for 1 to 4 lamps). 
•so .Efficie11cy Vamont Technical Reference User Manual (TRM) Measure S8viDp Algwitbms and Cost Assumptions, 
Febnmy, 19, 2010. 'Ibis docummt is the source for all subsequent illmmeotal cost estimates pmeoted in the table. 
• 11 Methodology adapted fi:om Kuikm et al, "State of WisconsiD Public Service Commission ofWISCODSin Focus on 
Eaergy Evaluation Business Propams: Deemed savings Parameter Development", KEMA, November 13, 2009, 
am'"'in8 summer coincident peak period is defined as .June lluooala August on weekdays between 3:00 p.m. and 6:00 
p.m., unless otherwise noted. 
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Warehouse 
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ColleRe 
Industrial 
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Exterior 
Other 
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Enel'I)' Sa\llnp 

'~ 
0.79 

o.so 
0.68 

0.76 

1.00412 

o.00413 

0.6S 
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l\kWH = (WATI'Sbase- WATI'See) •HOURS • (1 + WHFe) / 1000 

Where: 
WATI'Sbase =connected wattage of die baseline fixtures 

= Assumed baseline wattage for time of sale application. See coaesponding 
measure table for default values. 

WATSSee =connected wattage of the high efficiency fixtuRs 
= Actual installed 

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

r Bd~/;:;~~ _ ·~ ,.. 
,. BOiJR8"4' 

Food Sales SS44 
Food Service 4,482 

HeallhCare 3,677 

Hotel/Motel 3,356 
Office 3,S26 
Public AssemblY 2.729 
Public Services (non-
food\ 3.425 
Retail 4.226 

Warehouse 3.464 
School 2.302 
Colleae 3,900 

Industrial - 1 Shift 2.8S,.1> 

Indus1rial - 2 Shift 4,730416 

Industrial - 3 Shift 6.63r11 

Exterior 3.833418 

4u Assumption consistent with 8, 760 operating hours assumption. 
4u Assumes Chat DO exterior ligbtiDg is operadDg during tbe llUIDIDll' on-peak demand period. 
414 KuikeD et al, "stale of Wisconsin Public service CGmmissioD ofWisconsio Focus on P.nergy Evaluation Business 
~: Deemed savinp Parameter Development", KEMA, November 13, 2009, unless otbenvise noted. 
4

" UI and CL&P Pro8J81D SaviDp Documenlation for 2010 Program Year, United Illuminating Company, September 
2009. 
416Ibid. 

417 lbid. 
411 Exterior lighting 3,833 hours per year assumes 10.S hours per day; typical average for photocell controL 
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= lighting-RV AC Interation Factor for eneqy: this factor represents die reduced 
electric space coolins requirements due to tbe reduction of waste heat rejected 
by the efticeat lighting. 

= 0.095 (intaior fixtures). 0.000 (exterior fix1ures)419 

=conversion factor ftom watts to kilowatts 

Sammer Coincident Peak Demand Sa'fbap 

Where: 

WHFd 

CF 

t:Jr.W = (WATI'Sbase- WATISee) *CF* (I+ WHFd) / 1000 

= lighting-RV AC waste heat factor for demand; this factor represents die 
Rduced electric space cooling requjremads due to the reduction of waste heat 
rejected by the efticeat lighting. 
= 0.200 (mterior fixtures), 0.000 (exterior fixtures) GI 

= SUmmer Peak Coincidence Factor for measure 
Dependent on buildiog type as below: 

B ;.. ~.. ·l'YDI ·\~ 
~,.~ 

Food Sales 0.92 
Food Service 0.83 
Health Cue 0.78 
HoteJ/Motd 0.37 
Office 0.76 
Public Assemblv 0.65 
Public Services (DOD-
food\ 0.64 
Retail 0.84 
Wardlouse 0.79 
School o.so 
Colleae 0.68 
Industrial 0.16 
Garaae l.004Zl 

419 Interactive factor data based on a series of prototypic:a1 small commen:ia1 builcliDg simulation rum. Values shown 
are weighted averages across fast food restamaot, full savice restaurant, assembly, big box retail, small retail, small 
office, li&bt industrial aod school building models. 1be prototypes are based OD the Celifomia DEER study prototypes, 
modified for local construction prac:tkes. Simulations were nm using 1MY3 weather data for the following Obio 
cities: Ciocimlati, Cleveland. Columbus and Dayton. Values wen weigbted based OD prosram participation data for a 
small commerc:ia1 Pf08f8Dl conducted in Indiana for Duke Energy. See Ao Evaluation oftbe lDdiaDa Small Commercial 
and Industrial Inc:emive Program. Prepmcl by TecMarket Works for Duke Energy. June 2007. Buildiq prototypes 
used in the energy modeling are described in the mfenoced documeat, "Prototypical Building Energy Simulatioo 
Model Developmeot.doc". 
4201bid 
421 Methodology adapted from KDiken et al. "Seate ofWISCOllSin Public Service Commission ofWISCODSin Focus OD 

Energy Evaluation Business Programs: Deemed Savinp Parameter Development", KEMA, November 13, 2009, 
Mllnni'l8 summer coincident peak period ia defined as June tbroup August on weekdays between 3:00 p.m. and 6:00 
lk.m., unless otherwise noted. 

Assumption consistent with 8, 760 opentiDg hours assumption. 
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=lighting-RV AC Intention Factor for gas heating impacts; this factor 
represents lbe increased gas space beating requirements due to the reduction of 
waste heat rejected by the efficent lighting. 
= -0.0028 (interior fixlllres). 0.0000 (exterior fixtures) 424 

Water I.mpad Descrlpttoos and Calcalatlon 
n/a 

Deemed 0&M Cost Adjustment CalcalatloD 
See die individual technology sections above. 

423 Assumes that no exterior ligbling is operating during the summer on-peak demand period. 
474 Interactive factor dala based OD a series of prototypic:a1 small commen:ia1 building smmlation nlDS. Values shown 
are weighted averages across fast food IeSlaul8llt, full service restaurant, assembly, big box retail, small retail. small 
office, light iDdustrial and school builcliag models. Tbe prototypes are based OD the California DEER. study prototypes, 
moclifiecl for local 4:0DSbuction practices. Simnlatioas were run using TMY3 wealber data for the followilll Ohio 
cities: Cincinnati, Cleveland, Columbus and Dayton. Values were weighted based on program participation data for a 
small commercial program conducted in Indiana for Duke Energy. See An Evaluation of tbe Indiana Small Commercial 
and Industrial lnceDlive Pmpam. PNpared by TecMadtet Wodcs for Duke P.nergy. June 2007. Building prototypes 
used in the energy modelioa are described in the referenced document, "Prototypical Building Energy Simulation 
Model Development.doc". 
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Reference Tables 
Calculation of O&M Im Jact for Baseline 

:• ...... ~ 3:22Bd 
IWI Dilcotllt Riii ( ~-- ·~ ~t1Llfe(J~ --· I --· I 

Component 1 Repisemmt $161 $2.48 

2010 Year 20IO 2011 2012 2013 
NPV 

21W+ Baselne Replacemenl C0111f~W:3!f""':I ft.It IU7 SUI @!I 

18-2CIN &wine RepBement Cc11t11 suo I fl.87 11:87 11.17 !CJ!41 
15Wandi.a .....,. Replacement Cclllli· 10 I fl.17 i1J7 14.17 £411 

2011 Year 20l1 20l2 2013 2014 
NPV 

21W+ ...... ReollcelMnt ~ .,,, I f!.87 P" PAI !OH 
18-2CIN BwlneReplacemenlColfll~ WXr:J1.87. $1.87 ]!M--:J!!t 

15W..Si.a ......,. ReDlm:ernlntcomi -p I ii.if 1117 11'.17 !Off 
2012 Year 20l2 2013 2014 2015 

NPV 
21W+ 1a1e1ne Replacement Co11111r;;; t7llD 11 rue 12.41 sue so:e 
18-2CIN 1w1ne Raolacelnent Colllf · "WOii -I $1.87 12A1 SZ:48 !Q!1 

16Wandles8 Bwlm Reollcemlld Colfll ~IDt. ;I $1.87 $1.17 12AI !0!1 
2013 Year 20l3 2014 2015 2018 

NPV 
21W+ ....... ReDlacelnent COllll 17!!11 I IZAI 12AI S2AI '°'" 
18-2WI Bwlm Replm:ement CGltll -'0 : I a• p.1' pA4 fOH 

15W..S ... a..... Replacement Coltli Pi!! I !1.87 S2A8 12.48 so.A 
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. -~·r,-·-r::j 1~1~~.-- ;.....:- '" >-... • :~ .~() • ' . ·81.Hiiurlltile,: c· - ·• I .. - .. . ~ 

~.:<,W~ns : '·W~ ' s.vlia .. I' - . , •• " . -, I r1 , -~-=---_. JL .. , -. . . •. J 
~.: >• ... t:~ . ~ . 

f'(W~~':< Wa'91e'. 
-~- ill ..... :. . .. ' .. llallllHJ,a..-. ·-. -· l•l'\ ~ ;aov. -_ ..... \ .:_..:: · s..n. J iWaU.\ ..... ' .. 

HiahBaJ T-5 46•Two LamplfiP Oalplt Elecnaic - PRS 1 SOW Pulae Stut Mdal Mapetio-CWA 117 4 183 4 66 
lflllide 

ffiPBay T-S 46" 11uee Lamp Hisb OUlpat l!leclrauic: - PRS 200W Pulae Stut Mdal ~CWA 181 4 232 3 SI 
Halide 

Hi&hBaJ T-S 46" Four Lamp Hiah Oalplll ElectrmUc - IS 320W Pulse Stut Metal Megaetie>CWA 234 3 365 3 131 
lflllide 

Hi&hBaJ T-S 46" SixLampHiab Oalput l!la:trGllic - IS 3SOWPulseStutMdal Megaetio-CWA 351 3 400 3 49 
Halide 

ffisbBay T·S 46• l!igbt Lamp High Ourput BlecmUc-IS lOOOWPulae Sbat Mdal Mapedo-CWA 468 3 1080 3 612 
Halide 

ffisbBay T-S 46" Six Lamp High Output (2 l!lectroaic - IS IOOOW Pulse sc.t Melal Mlpetic>CWA 702 3 1080 3 378 
Finues\ Halide 

HigbBay T·8 48" Two Lamp Very Hiah PJecumic - IS I SOW Pulse Stut Mdal Mepetio-CWA T1 4 183 4 106 
n.- ir.iw. 

ffisbBay T·l 48" Three Lamp Very High Electnmic - IS 1 SOW Pulse Stut Malll Mapecio-CWA 112 3 183 4 71 
Onnmt lflllide 

HighBay T·B 41• Four Lamp Very Hialt E~-IS 200W Pulse Stut Metal Mapedc>CWA ISl 3 232 3 81 
n.m.. ""'""" HigbBaJ T -8 48" Six Lamp Vay Hiab l!lectroaic-IS 320W Pulse Start Md81 Maprie>CWA 226 3 365 3 139 
n.m...t Halide 

HighBay T-8 48" PJabt Lamp Very Kiah Eleclnlaic • PRS 3SOW Pulse Start Mdal Mapelie>CWA 288 4 400 3 112 
no-. lflllide 

ffiahBay T-8 48" f.iPl Lamp Very Higb l!lecDoalc- PRS lOOOWPulse ScartMdal Mapetio-CWA 576 4 1080 3 S04 
~a rllllUlell fflHde 

~ 
(") 

~ 
~~"11-~ ~180ilfte1. ~ 

28 3 !=' 

1---------.... ----.... ----"!!!!"----------~~--""!!!!'--------... --"!!!!"""!""!""!!!'"!!!""------~~"!!"'!"--""'!"~!!!!!"'-l----~--~~--ml!!'"----il-----~----1---'!'"9--.... ~~..... ~ HEF T-824•Twot.amp Elemaaic T-1224•1'woLamp Mlpetii:-STD 32 3 56 3 t 
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HEF T-& 24• lluee Lamp Electnmic 

HEF T-8 24• Four Lap Electraaic 

REF T -8 36• One Lamp ElectrOllic 

HEF T-8WTwoLamp Elemaaic 

HEF T-136" 1hree Lamp Electroaic: 

HEF T-& 36• Four Limp PJecnnic 

HEP Rectaced WldDp T·8 4r One~ EleclnlDic - IS 
18W 

HEF Reduced wanaae T-8 41• Two Lamp- Electrcmic - IS 
18W 

HEF Reduced Wllllp T-841" Tine Elec1r0Dlc - IS 
1.-11w 

HEF Rectaced Wdlge T-8 41" Four Laq>- ElectraDic - IS 
28W 

HEF Reduced Wauage T-8 4r One t.aqt. Eleclnlaic- IS 
25W 

HEF R.educod wanaae T-8 41" Two Lamp- Electronic - IS 
2SW 

HEF Reduced Wlldlp T-8 41" Tbree Elec:lraaic - IS 
1-25W 

HEF Reduced Walbtge T-8 48" Four Lamp- Elec:lraaic - IS 
25W 

HEF T-1 96" One Lamp Elec1rODic - IS 

HEF T -8 96• Two Lamp Elec:lraaic - IS 

HEF T-896" FourLlmp Eleclnlaic - IS 

HEF High Pmformaace T·84r One Lamp Bleclraaic 

HEF High Fai>anance T-8 41• Two Lamp Electroaic: 

HEF Hip Ped'anmnce T ·8 48" Three l!lclClroaic 
1-

HEF ffi&h Fed'Cllllla:O T -8 41" Four Limp Electraaic 
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T-1124" Tino l..aJq> 

T-1124•FourLamp 

T·l2 36"0neLllnp 

T-U 36" Two Lamp 

T-1236"11nc Lamp 

T-12 36• FourLamp 

T -8 48" One Lamp 

T-8 48" Two Lamp 

T·841" Tbree Lamp 

T-8 41• Four Lamp 

T .S 4r One Lamp 

T-8 48" Two Lap 

T-8 41" Tbree Lamp 

T-8 41" Four Lamp 

T·l2 96" One Lamp.BS 

T-12 96" Two Lamp-ES 

T-12 96" Four Lamp.ES 

T -8 41" One Lamp 

T-8 4r' T'llWO Lamp 

T-8 41" Tbree Lamp 

T -8 48" Fow Lamp 

t --.._ - .. ~ .. --- ~ .- ; ·4A~l -~ ,, 
........ .. ~ .•. ~ r •. , ·.f ... ~ t_ .. ., t->r - .# . . j 

~~. l ., '-.¥~ ~·~, .. ··~ ~:.,,~·.; ·: .. ~1 - .- ... ·~ti" • "?" 

~~~:;'.~~;%_~~fr ... ~_,$i t't· '".;. .. ,.·.M · ra --·'c•\ 

~~~~~~1 
. . ·~ __..!il!i!lt .:.. 
f• ~illiilil· :. !! 
R --~-~ ·· t A'.¥.ietaii .. 1, ..,--~ -.. .::;;::;;; -~ . - . 

[~ . \ " ~ t°2:;~i!~_ I 

~ 50 3 

Mlpcdo-STD 65 3 

Mlpcdc..STD 25 3 

Mlpelic.sTD 46 3 

Mapetic..sTD 70 3 

Mlpelic-STD 88 3 

Elec:ln>nk • JS 23.3 2 

PJec:cmaic • IS 47 2 

Elecaonic • IS 69.9 2 

Blecaonic - IS 92.6 2 

Elecbonic - IS 22 2 

Elcdronic - IS 41 1 

Elecaoaic- JS 61.3 2 

Elecaonic - IS 80.S 2 

Mlpdic..STD SI 3 

Mlpdio-ES 109 3 

Mapedo-BS 119 3 

Ekclronic - JS 25 6 

Eledmaic - IS 41 6 

Electnlaic - JS 73 6 

Electmaic- IS 96 6 
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