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II. Residential Market Sector 

Residential ENERGY STAR Compact Fluorescent Lamp (CFL) (Time of 
Sale) 

Description 
A low wattage ENERGY STAR qualified compact fluon:sceot screw-in bulb (CFL) is purchased through a 
retail outlet in place of ID incandescent screw-in bulb. The incremental cost of the CFL compared to 1he 
incandescent light bulb is offset via ei1her rebate coupons or via upstream lllllkdowns. Assumptions are 
based on a lime of sale purchase, not as a retrofit or direct install installation. 
This characterization assumes 1hat 1he CFL is installed in a residential location. Where 1he implementation 
strategy does not allow for the installation location to be known and absent verifiable evaluation data to 
support an appropriate residential v commercial split, it is recommended to use 1his residmlial 
characterization for all purchases to be appropriately conservative in savings assmnptions. 

DeJlnltlon of Emdent Equipment 
In order for 1his characterization to apply, 1he JUab-efficiency equipment must be a standard ENERGY 
STAR qualified compact fluorescmt lamp. 

De11Dltton of Baseline Equipment 
In ordct fbr this characterization to apply, 1he baseline equjpmait is assumed to be ID incandescent light 
bulb. 

Deemed Calcalatloo for tbb Measure . 
Annual kWh Savings 

Summer Coincident Peak kW Savinp 

Annual MMBtu Increase 

= (Cf'Lw.n. • 3.25) • 0.9S1 

= (CF'Lw.a.. 3.25) • 0.000114 

= (CF'Lw.a. • 3.25) • O.OOI908 

Note: 1he delta watts multiplier of 3.25 will be adjusted in accordance with table presented below: 

Gl'LWi ttqe 
~ 

- , Delta ~·tts~~ t . .· . ... - .:. ,;:;_ ' . -
I! 200,:· .. 2011 ·20121 2013' ·· 201~ rua. 

' 8.nODd '• - ... - -· -· '- -
IS or less 3.25 3.25 3.25 2.05 
I6-20 3.2S 3.25 2.00 2.00 

21W+ 3.25 2.06 2.06 2.06 

of Bue Year Sa 
2013 2fJ4ud 

aa)ood 

IS or less 100% 100% 100% 63% 

2 Ca1c:ulated by finding the new delta watts after incaDdesceut bulb wattage reduced (tiom lOOW to 72W in 2012, 7SW 
to 53W iD 2013 and ~W to 43W ID 2014). 
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€F.t. Wattge Savtnn u P.erceata• ,oreaie Year Savin•• 
2009 - 1011 ; n12 2013' 2014and 

II Beyo~d 

16-20 lOOo/o 100% 62% 620A. 

21W+ 100% 63% 63% 63% 

Deemed IJleUme of Ellldent Equipment 
The expected lifetime of the measure is 9.18 years3

• 

Deemed Measure Cost 
The incremental cost for this measure is assumed to be $34• 

Deemed O&M Cost Adjastmots 
The calculated net present value of the baseline replacement costs for CFL type and installation year are 
presented below: 

.NP.¥ of•baseUne~R.nt•cemeaU~osts ., en. - ~ 

2010 20i1 20i2 I! 201~-J . 
21W+ $4.48 $4.28 $4.28 $4.28 
16-20W $3.S7 $4.48 $4.28 $4.28 

lSWandless $3.81 $3.S7 $4.48 $4.28 

Colnddence Factor 
The SUIDll!el' peak coincidence factor for this measure is 0.11 s. 

REFERENCE SECTION 

CalculaUon of Savings 

Eneiv Savlnp 

Ak:Wh = {('1 Watts) /1000) • ISR • HOURS • WHFe 

Wha'e: 
A Watts = Compact Fluorescent Watts • 3.2.s' 

3 calc:ulated using average rated life of compact fluorescent bulbs of 8000 bouts (8000/1011 ""8 years), based on 
average for Energy star CFLs Chttp:IJwww.awBDt•taovfipdp cfin?2=cftH1 Rit dls>, plus aamrins S7% of the 
20% not installed in the first year replace CPLs (based on 32 out of S6 respondents purchased as spares; Nexus Market 
Research, RLW Analytics, October 2004; "Impact Evaluation oftbe Massacbusetls, Rhode Island, and Vermont 2003 
Resideotial I.igbting Prosi'ams", table 6-4). Measure life is tllerefore calculated as 8 + (8 • 0.S7 • (0.2/0.77)) • 9.18. 
Note, a provision in the P.oergy Independence and Security Act of2007 requires tbat by Jaauuy 1, 2020, all lamps 
meet efficiency criteria of at least 45 lumeos per watt. in essence making the CPL baseline. 1be:lefore after 2011 the 
measure life will have to be reduced each year to account for the number of years remaining to '2020. 
4 Based OD review ofTRM assumptions 1iom Vermont, New Yodc, New Jersey and c.mmecticut. 
'Nexus Madcet Researdl, RLW Analytics aod GDS Associates study; ''New England Resjdenda! Ligbtiq Markdown 
Impact Evaluation, January 20, 2009" 
G Awrage wattage of compact fluorescent fiom Duke Boergy, 1une 2010; "Ohio .Residential Smart S&ve:rCFL 
Program" study was I S.47W, 8Dd the replacement incandescmt bulb was 6S.8W (Dote only data fiom responses who 
reported both wattage removed and wattage replaced are used). 1bis is a ratio of 4.2S to 1, and so the della watts is 
equal to the compact tluoJeSCeDt bulb multiplied by 3.25. 
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Note: The multiplier should be adjusted according to the table below to account for the change in 
baseline stemming ftom the Energy lndepeodence and Security Act of 2007 discussed below: 

ISR 

HOURS 

on. Wattiae 
.. 

'D.!I~ watts MJdUPBer' -, 

200f ., 20ll ~-12 ' 
2013 4 014 aiiil 

- •. ~yoa.d 
• r- -

lS or less 3.2S 3.25 3.25 2.05 

16-20 3.25 3.25 2.00 2.00 

21W+ 3.2S 2.06 2.06 2.06 

= In Service Rate or percemage of units rebated that set installed. 
=0.861 

=Average homs of use~ year 
= 1040 (2.85 hrs per dayf 

WHFe = Waste Heat Factor for Energy to account for cooling savings from efficient 
liglitin& 
= 1.0710 

For example, a 20watt CFL bulb installed in 2010: 

AkWh = ((20 • 3.25)11000) • 0.86 • 1040 • 1.07 

=62.2kWh 

Baselloe Adjustment 
Federal legislation stemming from the Energy Indepeodmce and Security Act of 2007 will require all 
general-purpose light bulbs between 40 and lOOW to be approximately 30% more energy efficient than 
cummt incandescent bulbs, in essence beginning the phase out of standard incandescent bulbs11

• In 2012 
1 OOW incandescmts 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 (UDprOVed incandescent or halogen) that 
meet the new standard. 

To account for these new standards, the first year annual savinp for this measure must be reduced for 
lOOW equivalent bulbs (21W+ CFLs) in 2012, for 75W equivalmtbulbs {16-20W CFLs) in 2013 and for 
60 and 40W equivalent bulbs (lSW or less CFLs) in 2014. To account for this adjustmmt the delta watt 

7 Calculaled by8adiog the new delbl watts after Uiamdesceat bulb wattage reduced (fiom lOOWto 72W io2012, 7SW 
to 53W in 2013 ad 60W to 43W in 2014). 
1 Stal'tiJ18 with a first year ISR of o. 77 and a lifetime JSR. of 0.97 fiom Nems Market Research, RLW Analytics and 
ODS Associates acudy; "New BD8land Residential Ligbting Matdown Impact Evaluation, January 20, 2009", and 
1JSS1aning 43% of Cbe remaining 20% not iDstalled in the first year nplace iDcaDdescenlB (24 out of 56 respondents not 
purcbased as spms; Nexus Malket Research, RLW Analytics, October 2004; "Impact BvaluatiOD of the Massachusetts, 
Rhode Island, aod Vermoot 2003 Residential Lightiag Ploglams", table 6-4). ISR. is therefole calc:ulated as o. 77 + 
,0.43•0.2) = 0.86. 

Based OD weighted average dayteogtb adjusted hours from Duke Energy, .June 2010; "Ohio Residential Smart Saver 
CFL Program" 
10 Waste beat factor for enazy to account for coolillg saviDp ftom efficient ligbtiag. 1be value is estimated at 1.07 
(calculated as 1 + (0.64•(0.35 / 3.1)). Based on coolina loads deaeasfDg by 3S% of tbe ligbtioa savings (average result 
from REMRate modeling of several difli:reat configurations and OH locations of homes), asmnning typical coo1in3 
syatem operating efticieacy of 3.1 COP (startina fiom standard assumption of SEER 11 c:enlnl AC unit. converted to 
10.S EER. using algoritbm BER= (SEER.• 0.37) + 6.43 (based OD Roberts and Salcido, An:bitectural BDergy 
Colporatioa, Feb 2008; "Peak Electric Demand Calculations in the REM/Rate Home Energy Rating Software aod 
REM/Desip Home Energy Analysis Software"), conwrted to COP= EER/3.412 = 3. lCOP) and assnmina 64% of 
homes have central cooHna (East North Central census division tivm Energy IDCoJDllltion Admillistratioo 2005 
Resfdential Energy Consumption Survey; 
-:/lwww.eia.doe.gov/emeulrec:alrec:Slhc200S_lableslhc6ain:onditicmingchar/pdf/tblehcl2.6.pdf). 
II hltp://www.gpo.gov/fdsys/pkg/BILL110hnienr/pdf/BILLS-110hr6em.pdf 
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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 1he 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 claimed for the remainder of the measure life. 

The ~ate adjusbnents as a percentage of the base year savings for each CFL range are provided 
below : 

cFL Savba• as Petta ••of Base Year SiVhim 
Wattaae 1 2009- 2oa I 201~ 

- 201'il'and 
' 2011 i BiyonCJ IL 

IS or less lOOo/o 100% 100% 63% 
16-20 100% 100-AI 62% 62% 
21W+ 100% 63% 63o/o 63% 

Summer Coloddent Peak Demand Savlop 

Ak.W =((~Watts) /1000) • ISR • WHFd •CF 

Where: 
WHFd =Waste Heat Factor for Demand to acco1Dlt for cooliug savings from efficient 

li~ 
=l.21f3 

CF = Summer Peak Coincidence Factor for measure 
=0.11 

For example. a 20watt CFL bulb installed in 2010: 

Ak.W = ((20•3.25) / 1000) * 0.86 * 1.21 • 0.11 

=0.0074kW 

Fossil Fuel Impact De.scrlptlons and Calculation 

AMMB1Uwe = (((~Watts)/1000) * ISR •HOURS• 0.003413 • HF)/1\ffe.at 

Where: 
AMMBTUWR = gross customer annual heating MMBTU fuel inaeased usage for the measure 

from the ieduction in lighting heaL 
0.003413 =conversion from kWh to MMBTU 
HF = Heating Factor or percentage of light savings that must be heated 

12 calculated by fiDding the percentage reduction in c:baap of delta watts, for example c:llaDge in 1 OOW bulb: (72-
23.S)/(100-23.S) = 63.4% 
13 Waste beat factor for demaad to accouot for cooling savings fi'om efticieot ligbting. The value ii estimated at 1.21 
(calculated as 1 + (0.6413.1)). Based OD typical cooling system operating eftic:ieocy of3.l COP (starting fi'om standard 
assumption of SEER 11 central AC unit, converted to 10..5 EER usiD8 algorithm EER =(SEER. 0.37) + 6.43 (based 
OD Roberts and Salcido, Architectural Energy CoJporatioD, Peb 2008; "Peak Electric Demand Calculaticms in lhe 
RBM/Rate Home Energy Rating Softwale and REM/Desip Home Energy Analysis Software"), coovated to COP= 
EER/3.412 = 3.lC:OP), and 64% of homes baviDB centralcoollug (Bast North Cenlnl census division fi'om Energy 
Information Admhlistration, 2005 Residential Enqy Consumption Sarvey). 
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AMMBTilwH = (((20 • 3.2S)/1000) • 0.86 • 1040 • 0.003413 • 0.4S) I 0.12 

=0.12MMBhl 

Deemed O&M Cost Adjustment Cakulatton 
In order to account for die shift in baseline due to the Federal Legislation discussed above, the levdized 
baseline replacement cost over the lifetime of the CFL is calculated (see CFL b@selinc sayinss shift.xis). 
The key assumptions used in this calculation are documented below: 

~ - r Stu..,. I Efldenl I 

IDcandesceat Incandescent 
Rmlacement Cost so.so $2.00 
Component Life (years) 110 3u 
(based OD lamp life I BSSl•med 

annual nm bo1D'Sl 

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

,. " NPV of.bllellne Renlac:ement €0sis _ 
€FL 2010 , lOIL r JOU 201.3011 

21W+ $4.48 $4.28 $4.28 $4.28 

16.20W $3.S7 $4.48 $4.28 $4.28 

lSWandless $3.81 $3.S7 $4.48 $4.28 

Referenced Docaments: 
On lhe following page is an embedded Excel worksheet showing lhe calculation for the levelized annual 
replacement cost savings. Double click on the worksheet to open the file and review the calculations. 

14 Le. heatina loads inclease by 45% of the li8bdng saviDp (average result from REMRate mnde1i03 of several 
different configurations and OH locations of homes), 
is 1bis bas been estimated assuming that natural gas central furnace heating is typical for Ohio residences (65% of East 
North Central census dlvisioD bas a Na1ural Gas Pumace (based OD F.nergy Infonnation Adminislration, 2005 
R.esidential F.oergy Consumption SUrvey: 
bUp;/Jwww.cia.4Qe.apylPO""nn'R£a00Mg2()Q5 teb1aatr4mershetjpelpdfllablcbsl2,4.vd0) 
In 2000, 40% of furnaces purchased in Obio were condensing (based on data fiom GAMA, pn>vided to Deputme:nt of 
Energy during tbe federal SlllDdard setting process for Rllideotial heati03 equipmellt). Pumaces tend to last up to 20 
years and so units purchased 1 O years ago provide a reasonable proxy for tbe cmnot mix of 1Umaces in tbe state. 
Ass11ming typical efti.ciencies for condensing and non c:ondensiD8 fiJmaces and duct losses. the average healing system 
eflicienc:y is estimated as follows: 
,o.4•0.92) + (0.6~.s) • (1-0.15) = o. 12 
1 Assumes nted life of inc:andescent bulb of approximately 1000 houls. 

17 VEIC best estimate oftbture tec:lmology. 
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Calculation of O&M Impact for Baseline 

Bulb Alau Ilana 
M&aaure urer _ !R;d 

Real Dlacount RaB cRDl2-:.-: 
Inc Halog• 

COlq)Onent 1 Utt (J19ra) 1 3 
Compo .. nt 1 Replacem•t .50 2.00 

2010 Yea' 2010 2011 2012 2013 2014 2015 2018 2017 2018 
NPV 

21W+ Baaelfne Repl!Eanent Co&lll....::_$5:21~1 9>.00 $0050 $2.00 $0.00 $0.00 $2.00 $0.00 $0.00 $2.00I 

18-2CJN Baseline Rep1acanent eoata1~i4.15 --.1 IJ.06 $0.50 IS.50 iioo IS.&> ii.Ob i2:00 16.oo IS.OQI 

15Wandlesa Baseline Repl!Eanent Co8lli iltA1 1i i>.oo so.so $0.so so.so i2.oo i>.60 ii.Ob S2.oo iO.O(I 

2011 Ye• 2011 2012 2013 2014 2015 2016 2017 2018 2019 
NPV 

21W+ Baseline Repl!Eanent Collll u:w I 1>.00 p;oo so.oo so.oo 12.m p>.oo so.oo p.oo pug 

18-2(111 Basellne Replacement Collll ' @f21 I j.oo $§.50 @.oo $§.oo so.oo p.oo $§.06 @.oo ii§OI 

15W and less Baseline Repl!Eement Coslal •k.15 I Ii.Ob so.50 to.so iioo to.m to.Ob 12:00 iO.oo to.cg 
2012 y... 2012 2013 2014 2015 2018 2017 2018 2019 2020 

NPV 
21W+ Baaellne Replacement Collll . ~$4:1J1 -I SO.DO ftOO $0.00 $0.00 $2.00 S0.00 $0.00 -s'l-:OO ___ SO~OOI 

18-2CJN Baeellne Repacanent Collll:....S4:W ~. 1>.00 WJO $0.00 $0.00 sz.m S0.00 SOM SZ.00 SO.(!(! 

15Wandles8 

CB. 
1W+ 

fWOW 
16Wnleas 

Mu~ by 0.88 ISR 
G:EL 

121w+ 
1&-2CJN 
f5W81'1d leas 
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Residential Direct Install - ENERGY STAR Compact Fluorescent Lamp 
(CFL) (Early Replacement) 

De.scrtptton 
A low wattage ENERGY STAR qualified compact fluorescent screw-in bulb is installed by an auditor. 
contractor or member of utility staff, in a resiclcntial location m place of an existing incandescent screw-in 
bulb tbroup a Direct Iostall program. The characterization usumes protocols are implemented that guide 
installation of the bulb in to hish use locations in the home. The CFL is provided at no cost to the end user. 

DeflDIUon orEmdent Equipment 
Jn order for dlis characterization to apply, the bigb-efliciency equipment must be an ENERGY STAR 
qualified compact fluorescent lamp. 

Definition ofBasellne Eqlllpment 
ID Older for dlis cbaracteriz.ation to apply, the existing baseline equipment is assumed to be an incandescent 
light bulb. 

Deem.-1 Calculation for this Measure 

Amma1 kWh savings 

SUmmer Coincident Peak kW Savings 

Amrual MMBtu Increase 

= (CF'Lw.a. • 3.25) • 0.901 

= (CF'Lw.a.. 3.25). 0.000108 

= <CFLw1111. 3.25) • 0.0018 

Note: the della watts multiplier of3.25 will be adjusted in accordance with table presented below: 

cn.wau.p ~ - Delta~WaJb. Miittliilli?- - ' 
- - ' 

' ;< 

., · 200P - 2011 2~1'2 I; 2'013 ' 2014ani 
~; 

· l}ejond . . 
"- '"" 

15 or less 3.25 3.25 3.25 2.05 

16-20 3.25 3.25 2.00 2.00 

2IW+ 3.25 2.06 2.06 2.06 

Uorless 
16-20 100% 62% 
21W+ 100% 63% 63% 63% 

Deemed Lifetime ofEllklent Equipment 
The expected .lifetime of the measure is 8 years19

• 

11 Calculated by fiDctiDg the new delta watts after mc:andesceot bulb wattage reduced (fi'om 1oow to 72W in 2012, 7SW 
to 53W in 2013 and fK1W to 43W in 2014). 
111 CalcuJated usiq average rated life of compact fluorescem bulbs of8000 hours (8000/1011 = 8 yws). based on 
average fut Energy Siar CFLs (httyl.lwww.enqystar.govfmdeLcfin?c=cfts.pr_ait_ctls). 
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The full cost for this measure should be equal to the actual cost for implementation and installation (i.e. the 
cost of product and the labor for its installation). 

Deemed O&M Cost Adjastmfnts 
The cakulated levelized amnaal replacement cost saviugs for CFL type and installation year are presented 
below: 

21W+ 
16-20W 

!SW and less 

Coincidence Factor 
The summer peak coincidence factor for this measure is 0.1120

• 

REFERENCE SECDON 

Cakalattonorsawnas 

Energy Savlqs 

AkWb = ((4 Watts) /1000) • ISR •HOURS • WHFe 

Where: 
4 Watts =Compact Fluorescent Watts • 3.2521 

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

ISR 

cn;wattaai - Mm Wat& M1d\IP.IS- - ..-- ~ 

.~ --- -·-· "-· _.·: -· ;......_ 

2009 - 20111 - r 2012 . 2013 ., 201~1ud 

... , I) ' 
"Bi .. -

IS or less 3.2.S 3.2S 3.2S 2.0S 
16-20 3.2S 3.2S 2.00 2.00 
21W+ 3.2S 2.06 2.06 2.06 

= In Service Rate or pen:eolage of units rebated that get installed. 
= 0.81 23 

I 

Note, a provision in the PJlergy' IDdepeAclm:e and security Ad of2007 requires that by Jammy 1, 2020, all lamps 
meet eflidenc:y criteria of at least 45 lumms per watt, in essence maldng the CPL baseline. Therefore after 2014 the 
measure life will have to be reducecl each year to accouat for tbe numbe.r of years remaining to 2020. 
•Nexus Malht Research, RL W ADllytics and GDS Associates study; "New England R.esideDlia11 igbtins Malkdown 
~ Evalualion, 111D1J81Y 20, 2009" 
21 Averqe wattage of compact tluoresceot &om Dute PJlergy', June 2010; "Obio Residential Smart saver CPL 
Program" study was 1S.47W, lllld tbe repJacemeot iDcaodescent bulb was 6S.8W (DOIB only dala fi'om responses who 
reported both WBltap removed and wattage replaced me used). This is a ratio of 4.2.5 to 1, and so the delta watts is 
~ to the c:ompect fluorescent bulb multiplied by 3.2.5. 
22 calc:uJatecl by fiDdiDI the new delta watts after incandesceol bulb wattage reduced (from lOOW to 7ZW in 2012, 
7.5W to S3W in 2013 and (1JJW to 43W in 2014). 
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HOURS =Average hours of use per year 
= 1040 {2.8S hrs per dayy.4 
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WHFe =Waste Heat Factor for Energy to account for cooling savings from efficient 
lighting. 
= 1.07 25 

For example, a 20watt CFL bulb iostalled in 2010: 

AkWh = ((20 • 3.25) / 1000). 0.81 • 1040 • 1.07 

=58.6kWh 

Baseline Adjustment 
Federal legislation stemming ftom the Energy Independence and Security Act of 2007 will require all 
general-purpose light bulbs between 40 and lOOW to be approximately 30% more energy efficient than 
cummt incandescent bulbs, in essence beginning the phase out of standmd incandescent bulbs2'. Jn 2012 
lOOW incandescents will DO longer be lll8ll1lfiu:tur followed by resttictions OD 75W in 2013 and 60W in 
2014. The baseline for this measure will therefore become bulbs (improved incandescent or halogen) that 
meet the new standard. 

To account for these new standards, the fust year annual savings for this measure must be reduced for 
lOOW equivalent bulbs (21W+ CFLs) in 2012, for 75W equivalent bulbs {16-20W CFLs) in 2013 and for 
60 and 40W equivalenl bulbs (15W or less CFLs) in 2014. To ac:count for this adjustment 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 measure. For example, for lOOW equivalent bulbs (21W+ CFLs) installed in 2010, the full saviDp 
(as calculated above in the Algoridun) should be claimed for the first two years, but a reduced annual 
savings claimed for the remainder of the measure life. 

The ae.propriate adjustments as a percentage of the base year savings for each CFL range are provided 
belovr': 

€l'E [ - Savlnt u :P.ercen •e of Ba• Year - - , • 

' 
w~ 2009>1:.'· 2012 2013 ~14fu11 

¥ 
2011 ~~ 1 

15 or lea 100% 100% !00% 63% 

16-2Q 100% 100% 62% 62% 

n Megdal &: Auodates, 2003; "200212003 Impact Evaluation ofLlPA's Clean &lergy Initiative REAP Program". 
Note this is not adjusted upwanls since lbose people removing bulbs aflet beiD8 installed in Direct Install program are 
likely to do so because Ibey dislike them, not to use as replacements. 
u Based on weigbtecl average daylength adjusted hours from Duke P.aergy, Juae 2010; "Ohio Residential Smart Saver 
CPL Program" 
2S Waste beat factor fur energy to account for cooling savings ftom efticieot Jiabting. The value is estimated at 1.07 
(calculated as 1 + (0.64•(0.35 / 3.1)). Based on coolillg loads decreasiq by 35% oflhe lJabliag savinp (averap result 
from REMRate modeliDa of several diffinnt configurations and OH locations of homes). 88!11gnjng typical cooling 
system operating efficiency of 3.1 COP (stading from standard assumption of SEBR. 11 central AC unit, converted to 
10.s mm using algorithm EER. = (SEER • 0.37) + 6.43 (based on Roberts and Salcido, Arddtectmal P.aergy 
corporation, Feb 2008; "Peat FJectric Demand calc:ulations in the REM/Rate Home Energy Rating Softwme ml 
REM/Desip Home P.aergy Analysis Software"). couverted to COP= EER/3.412 = 3.ICOP) ml assuming 64% of 
homes have c:entral cooling (Bast North c.eatral census division ftom P.aergy IDfoDD1tion Acfmlnisfratton, 2005 
Residential Energy Consumption SUrvey; 
b"1>:/lwww.eia.doe.gov/emeuflecslrecs2S/hc200S_lableslhc6ain:onditloningchar/pclf718blebcl2.6.pdf). 
lllhllp:tlwww.gpo.gov/fclsyslpkg/BILIS-llObftiem/pcWBILLS·llObr6enr.pdf 
71 Calculated by finding Ille percentage reduction iD change of della watts, for example cbaDge in lOOW bulb: (72· 
23.S)/(100-23.S)"" 63.4% 
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en 
Wattqe 

21W+ 

Summer Coincident Peak Demand Sal'lop 

llkW =((AWatts)/1000) • ISR. • WHFd •CF 

Where: 
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WHFd =Waste Heat Factor for Demand to account for cooling savings ftom efficient 

CF 
~~;1\ 
= Summer Peak Coincidence Factor for measure 
=0.11 

For example, a 20watt CFL bulb. installed in 2010: 

llkW = ((20 • 3.25) / 1000) • 0.81 • 1.21•0.11 

=0.0070kW 

Fossll Fuel Impact Descriptions and Calculation 

AMMBTUwa = ({{AWatts)/1000) • ISR. •HOURS* 0.003413 * HF)/riHeat 

Where: 
= gross custotna" amwal heating MMBTU fuel increased usage for the 
measure fi:om the reduction in lighting heat 
=conversion from kWh to MMBTIJ 0.003413 

HF = H~ Factor or percentage of light savings that must be heated 
=0.4S21 

= averaae heating system eflicieacy 
=0.72 iii 

For example, a 20watt CFL bulb. installed in 2010: 

21 Waste beat factor for demand to account for cooling saviop from efficient liptiq. Tbe value is estimated at 1.21 
(calculated as 1 + (0.6413.1)). Based on typical cooq system operating efticieucy of3.1 COP (starting from standud 
assumption of SEEll 11 c:enlral AC unit, converted to 10.S BER using algoridlm EER = (SEER • 0.37) + 6.43 (based 
oa Roberts and salcido, Ardaitectural Energy CoJporatioD. Feb 2008; "Peak Electric Demmel calculations in tbe 
RBM/Rate Home Energy Rating Software and REM/Design Home F.aergy ADa1ysis Software"). convertecl to COP -
EER/3.412 = 3.lCOP), and 64% of homes haviag c:enlral cooliog (BastNortb Central census division from Energy 
Information Administntioo, 2005 R.esidenlial Energy Consumption Survey). 
• Le. heatioa loads inc:rease by 45% of lhe 1iaJding saviDp (average result from REMRate modeliq of several 
different configmations and OH locations ofbomes), 
30 1bis bas been estimated umnning that natural gas c:enlral tbmac:e beating is typical for Ohio residences (65% of East 
North CeDtraJ census division bas a Natural Gas Pumace (based on Energy lofonaation AdmiaisCration, 2005 
Residential Energy Comumpdon SUrvey: 
bttp;IJwww.Mdpe.avfcmmJmcehmiZOOM1s2005 tnh1ntbs4ns:thrtiuQxl0ablcbcl2.4 pdf)> 
In 2000. 40% of fumaces pmdwed in Ohio were condeoaiDg (based on data from GAMA. provided to Department of 
Energy during Ille fedaa1 standard setting process). Asmnning typical efficiencies for condensing and non 
eonderwing 1bmac:e and duct losses, lhe average beating system efficiency is estimated as follows: 
(0.4~.92) + (0.6•0.8) • (1-0.lS) = o. 72 
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.1MMBTUwe = (((20 • 3.25)/1000) • 0.81 • 1040 • 0.003413 • 0.4S) I 0.72 

=0.12MMBtu 

Deemed o&M Cost Adjustment Cdcalatton 
In Older to account for the shift in baseline due to the Federal Legislation discussed above, the levelized 
baseline replacement cost over the lifetime of the CFL is calculated (see CFL baseline sayinps shift.xis). 
The key assumptiODS used in this calculation are docnmeoted below: 

Jacemeat Cost 
Component Life (years) 
(based OD lamp life·/ assumed 
mmual nm hours 

Stiililiid 
Incandescent 

1 

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

2010 J 20130D 
$3.12 $4.03 
$3.36 $4.03 

lSW and less $3.59 $4.03 

RderenCfd Documents: 
On the followina page is an embedded Excel worksheet showing the calculation for the levelized annual 
replacement cost savings. Double click on the woiksheet to open the file and review the calculations. 

31 Assumes J8ted life of iDcanclescent bulb of approximately 1000 hours. 
32 VBIC best estimate of tbt1ue tecbnology. 
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Calculation of O&M Impact for Baseline 

BulbAleu -· 
Inc Mlalurel.Kal - 8 • 

Real Discount R8l9 <RDr s: I) Compo•nt 1 Ufe (y•ra 
Compomnt 1 Replacement Co: 

Hllog• 
1 3 

2010 

21W+ 

18-2C1N 

15Wandless 

2011 

21W+ 

18-2<W 

15Wandless 

2012 

21W+ 

18-2C1N 

15Wandllls 

Mu~ b'f 0.81 ISR 

al $0.50 $2.00 

Yes 2010 2011 3>12 2013 2014 3>16 2018 2017 
NPV 

Baaellne ReDlacement ccnlr ~S3!11t -1 .,.oo so.so Uoo so.oo so.oo sz:oo SObl> so.oo 

Baseline Relllacemenl Coetal:::M~J5 I so.oo $0.50 $0.50 a:oo $0.00 so.oo S21JO SO.oo 

Baaellne Rep11canent Cost111~'4.43'JI so.oo SO!O $0.60 so.so $2000 a>.oo $0.oo $2.00 

Yes 2011 2012 3>13 2014 2015 3>18 2017 2018 
NPV 

Baaellne Replacement Coltll p~97· ~I aJ.00 $2:00 f0.00 $0.00 $2000 !·00 fO:OO f2000 

Baaellne Realacanent ColtaC$3:88·--,I -1).00 S0.50 $2.00 $0.00 S0.00 $2.00~ -S0-:00 $0.00 

Baseline ReDllca'nent Coabll _ 14:15 1 m.oo so.50 S0.50 uoo so.m $0.oo 12.00 so.oo 
Year 2012 2013 3>14 2015 2018 3>17 2018 2019 

NPV 
Baseline ReDlacanent Coltlf· 1U~D7 -1 a>.oo $2000 so.oo so.oo uoo so.oo so.oo WRJ 

l."rl 
""1&IO, 

21W+ 
1~ 
16Warid .... 

£EL. 
:fW+ 

18-2'JN 
15Wandlees 
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Refrigerator and/or Freezer Retirement (Early Retirement) 

·name iUse 

Description 
'Ibis measure involves the removal of an existins inefficient refrigerator or freezer fiom service, prior to its 
natural end of life (early retiremaar) 33• The program should target units with an age greater than 10 years. 
though it is expected that the average age will be greater than 20 years based on other similar program 
performance. Savings are calculated for the estimated energy consumption during the mn•ining life of the 
existing unit. 

De8Dltton ofEflldent Equipment 
Dia 

Dellnltton of Baseline Equipment 
In order for this characteriz.atioo to apply. the existing inefficient unit must be in wo!king order and be 
removed from service. 

Deemed SavlDp for this Measure 

Re · erator 
Freezer 

Average Annual 
KWH Savings per 

unit 
1376 
1244 

Deemed Measure Lite 

Average Summer 
Coincident Peak kW 

Sa • unit 
0.22 
0.20 

Average Annual Fossil Fuel 
beating fuel increased usage 

unit 

The mnaining useful life oflhe tetired unit is assumed to be 8 Years 14• 

Deemed Measure Cost 

AverageAmlual 
Water savings per 

unit 
Dia 
Dia 

The inaanental cost for this measure will be the actual cost associated with the removal and recyliug of 
the retired unit. 

Deemed O&M Cost Adjustments 
o/a 

Colnddence Factor 
A coincideoce factor is not used to calculate peak demand savings for this measure. See discussion below. 

REFERENCE SECTION 

Calculation of Savlap 

» This measure assumes a mix of primary lllld serondary units will be replaced (lllld the saviDp are reduced 
accordiJlgly). By definition, the re&igerator in a household's kitchen tbat satis&es the majority of the household's 
demand for refiigeration is the primary reJiigerator. One or more additional sefrigemors in the housebold that satisfy 
supplemeotaJ needs for refiigeration are referred to as secoadary refHgemton. 
34 KBMA "Residential refrigerator rec:ycling ninth year reteulion study", 2004 
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Energy Sa'ftop 

Where: 

~Wh = UECmims * ISAF 
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=Average in sibl Unit Energy Consumption of retired unit. adjusted for part use 
Refrigerator = 1,619 kWh 35 

Freezer = 1,464 kWh 36 

ISAF =Jn Situ Adjustment Factor 
=0.8537 

Refrigerator ~Wb = 1619•0.85 

= 1376kWb 

Freezec~Wb = 1464 •o.ss 

= 1244kWb 

Summer Coincident Peak Demand Sawap 

Where: 

~W = (L\kWh/8760) • TAF • LSAF 

TAF =Temperature Adjustment Factor 
= 1.3018 

LSAF =Load S!lape Adjusbneo.t Factor 
= 1.074 39 

Refrigerator ~w = 1376/8760 • 1.30 • 1.074 

=0.22kW 

Freezer~W = 124418760 • 1.30 • 1.074 

=0.20kW 

"Basecl OD rqression-baaed savings estimates and incolponting the part-use &ctors. from Navigaol Coosnlting, "AEP 
Obio Euagy Efliciency/Demaud Respome Plan Year ~ (1/1/2009-12/31/2009) Program Year Ew1uation Report: 
ADDliauce Recycling Program",~ 9, 2010. 
36" rind. 
11 A ieceat Califomia study sugests that iD situ energy coasumptioo of refrigerators is lower 111111 the DOE test 
procedure would sugest ('Ibe Cadmus Group et al, "Resideatial Retrofit Hi8b Impad Measure Evaluation Report", 
paepared for the callfomia Public Utilities ('Mmrissioo, February s, 2010). 'lbe mapitude of the dift"ereDc:e­
estimated as 6% lower for one California utility, 11 % lower fi>r a second, and 16% lower for a third-was a function of 
whether the recycled applianc:e was a prim8ly or secondary unit, the size of the household and climate (wanner 
climates &bow a small dilfesmce between DOE test procedure estimated oonsumptioD and actual consumption; cooler 
climates bad lower in sihl comumplion levels). Ideally, such an adjuslment for Obio should be computed using Obio 
program participaDt data. However, such a calcuJadoo bas not yet beea performed b' Obio. ID the absence of such a 
ca1cuJation, a 15% downwmd 84ustment, which is near the hip end of the range found iD Califomia, is assumed to be 
reasonable for Ohio given its cooler cHmate (telative to Califomia). 
JI Temperature adjusbDeot &ctor based OD Blasnik, Mic:bael, "Measurement and Verification ofResideld:ial 
R.eftigaator EDa'8)' Use, Pinal Report, 2003-2004 Metering Study", July 29, 2004 (p. 47). It assumes 64% of Ohio 
homes have central air coDditioniq. 
39 Dally load abape ~ &ctor also based OD Blasnik, Michael. ".Measarement and Verification ofR.esidelltial 
Reftigerator Energy Use, Pinal Report, 2003-2004 Metering Study", July 29, 2004 (p. 48, using the average Existing 
Units Summa' Profile for hours ending 16 lhrough 18) 
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Fosso Fuel Impact DesalpUons and Calmlattoo 
n/a 

Water lmpad Descriptions and Calcalatton 
o/a 

Deemed O&M Cost Adjustment Calcalattoo 
of a 
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Residential HVAC Maintenance/Tune Up (Retrofit) 

Description 
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This measure involves the measurement of iefrigerant cbarge levels and airtlow OVCI' lhe cenlral air 
conditioning or beat pump unit coil, comction of any problems found and post-treaUnent ~measmemeot 
Measurements must be pcrlonned with standard industry tools and the results tracked by the efficiency 
prosram 
Savings &om this measure are developed using a repuaable Wisconsin study. It is recommended that future 
evaluation be conducted in Ohio to generate a more locally appropriate characterization. 

De8nltton ofEmdHt Equipment 
Dia 

Detlnltton of Baseline Equipment 
This measure assumes that the existing unit being maintained is either a residential central air conditioning 
unit or an air source heat pump. 

Deemed Calcalatton for tbls Measure 

= FLHcool • BtuH • (l/SEERcAc) • 5 • 1 o-s Annual kWh Savings (centtal air conditioning) 

Annual kWh Savings (air source heat pump) = (FLHcoot • BtuH • (11~) • S • 10-5) + 
(FLHheat • BtuH • (l/HSPF ASHP)) • S * 10-5) 

SUmmer Coincident Peak kW Savings 

Deemed Ufetlme of Eflklent Equipment 
The measure life is assumed to be 5 years•. 

Deemed Measure Cost 

=BtuH • (1/EER)) • 1.0 • 10-s 

If the implementation mechanism involves delivering and paying for the tune up service, the actual cost 
should be used. If however the customer is provided a Rbate and the p_rognun relies on private contractors 
performiDg the work, the measure cost should be assumed to be $17s41. 

Deemed O&M Cost Adjustments 
Dia 

Coincidence Fador 
The summer peak coincidence filctor for this measure is assumed to be o.s42. 

40 Measure Life Report, Residential and Commen:ia1/Indus LiS)diog and HV AC Measures, ODS Assodates. June 
2007. 
http:/lwww.ctsavesenergy.cqlfiles/Meaaure'Ml20Life%20Report%20.2007 .pelf 
41 Based OD personal (O!DJD!gricafion with HV AC ef!icieac:y program consullallt Buck Taylor or Roltay Inc., 6121/10, 
who fSlimated the cost of tune up at $125 to $225, depending OD tbe market and the implementation details. 
cz Based Oil Eoagy CeDtel' of'WiscoDsin, May 2008 metering study; "Ceolral Air Conditioning in WllC:ODSin, A 
amipjlatiOD ofReceat Field Research", p32 
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CaltulaUon ol Savings 

Energy Savlnp 
Ak'Wbc.eai..t~ 

Where: 
FLHcool 

BtuH 

MFe 

SEER.uer 

FLHheat 

REFERENCE SECTION 

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

Page 27 of 397 

= (FUicool • BtuH • (l/SEERcAc))/1000 • MFe 

= ({FLHcool • BtuH • (l/SEEi.ASBP))/1000 • MFe) 
+ (FLHheat • BtuH * (llHSPFASHP))/1000 * MFe) 

=Full load cooling hours - •ent on location as below: 
- -~--~n-:._ ,Run·Jlours':"~ -

Akron 476 
Cincimlati 664 
Cleveland 426 
Columbus SS2 

Davton 631 
Mansfield 474 

Toledo 433 
Yonnastown 369 

= Size of equipment in Btub (note 1 ton= 12,000Btuh) 
=Actual 
= SEER Efficiency of existing central air conditioniog unit ieceiviog 
mainteaence 
=.Actuat4 
= Maintmumce energy savings factor 
=o.ostS 
= SEER Efficiency of existing air source heat pump unit receiving maintenence 
=Actual46 
=Full load heating homs 
I 

. 
on location as below: 

"' - Location =Rma&oun•• 
Akron 1576 

Cincinnati 1394 
Cleveland 1567 
Columbus 1272 

I 1438 

4.J Based OD Full Load Hom assumptions taken from the ENERGY STAR calculator 
Cbttp;//www.eggystar.aovliall!osiDesslb pmduu!jna/bpsaviap calc/Calc CAC.xJs) and reduced by 33% due to 
assumption tbat the average air ccmdilimrin8 is oversized by S0% {Nesne, Proctor, Nadal. 1999; "National EDer8)' 
Savings Potential From Addressing Resideatial HV AC IDstal1ation Problems"). Note tbis approach resulls in 1\Jll load 
hour estjmates widlin lCM of measured estimates fiom the P.nergy Center of WiscoDsin, May 2008 study; "Callral Air 
Coaditioaing in WJSCODSin, A Compilation of Recent Field R.esearch." 
44 Use actual SEER ratiq where it is possible to measure or reasonably estimate. When uakDown use SEER Io (VEIC 
estimate of aistin8 uoit dlicienc:y, based OD mfninnnn federal standard~ the years of 1992 and 2006) 
45 P.oergy Center ofWW"OJISin, May 2008; "Central Air Conditionin8 in Wisconsin, A Compilation of Recent Field 
Research." 
41 Use actual SEER ratiq where it is possible to measure or reasonably estimate When unknown use SEER 10 (VEIC 
estimate of exiatiJ18 unit efticienc:y, based OD mjnfmnm federal standard between the years of 1992 and 2006) 
47 Healina EPLH atracted from simulations c:onductecl for Duke Eaqy, OH Joint Utility TRM, October 2009; 
"Teclmical Referalce Manual (I'RM) for Obio Senate Bill 22 l&lergy Ef!icienc:y and Conservation Program and 09-
Sll-GB-UNC" 
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t!.oiatton , 
Mansfield 

Toledo 

Ran Boan•• 
1391 
1628 
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HSPFbase =Heating Season Performance Factor of existing air source heat pump unit 
receiving mainteneace 
=Acruua 

For example, maintenance of a 3-ton, SEER 10 air conditioning uoit in Cincinnati: 

=(6S1•36000 • (1/10))/1000 • O.OS 

= 118.3kWh 

For example, maintenance of a 3-ton. SEER 10, HSPF 6.8 air source heat pump unit in Cincimaati: 

4kWh.ASBP = ((6S7 • 36000 • (1/10))/1000 • O.OS) + (1394 • 36000 • 
(116.8))11000 • O.OS) 

=487.3kWh 

Sammer Coincident Peak Demand Sa\'lnp 

Where: 

4k:W = BtuH • (l!EER.)11000 • MFd • CF 

EER = EER. Efficiency of existiq unit receiving maintmence 
=Calculate us~ Actual SEER. 
=(SEER.• 0.9) 

MFd = Mainteoance demand savings factor 
=0.0250 

CF = Summer Peak Coincidence Factor for measure 
= o . .ss• 

For example, maintemmce of 3-ton, SEER 10 (equa)s EER. 9.0) unit: 

AkW = 36000 • (1/(9.0)/1000 • 0.02 • O.S 

=0.04kW 

FossB Fuel Impact Descrlpttons and Calculatton 
o/a 

Water Impact Descriptions and Cakalatlon 
o/a 

Deemed 08cM Cost Adjustment Calculatton 
Coaservatively not included 

41 Use accual HSPF rating where it is posm'ble to measure or reasonably estimate. When unknown use HSPF 6.8 
fMinimnn Federal standard between 1992 and 2006). 
lJ if SBBll is ualmown. de&mlt BER would be (10 • 0.9) = 9.0. catculatioo based on prior VEIC assessment of industry 
~t eflk:ieac:y ratings. 
'°Based on June 2010 personal COIMl'S8tion with Scott Pig, author of P.neqy Ceoler ofWISODSin, May 2008; 
"Ce11tra1 Air CODditioning in Wisconsin, A Compilalion of Recent Field R.esearcb" suggesting die average WI unit 
swtem draw of2.8kW under peak conditions, and average peak saviDgs of SOW. 
jf ~OD Energy Cenler ofWiscomiD, May 2008 metering sludy; "Central Air CooditioDing in Wisconsin, A 
Compilation ofReceat Field Research", p32 
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Central Air Conditioning (Time of Sale) 

Description 
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This measure relates to the installation of a new Central Air Conditioning ducted split system meeting 
ENERGY STAR efficiency standards presented below. This measure could relate to the replacing of an 
existing unit at the end of its useful life, or the installation of a new system in an existing home {i.e. time of 
sale). 

Deftnltlon ofEBlmot Equipment 
In ord« for this clwacteriz.ation to apply, the efficient equipment is assumed to be a ducted split central air 
conditioning unit meeting the minimum ENERGY STAR efficiency level standards; 14.S SEER. and 12 
EER. 

Delnltlon ofBaaellne Eqalpment 
In older for this characteriz.ation to apply, the baseline equjpment is assumed to be a ducted split cmttal air 
conditioning unit meeting the Federal Standard efficiency level; 13 SEER and 11 EER.. 

Deemed Calcalallon for tlals Measure 

Annual kWh Savings 

Summez Coincident Peak kW Savings 

=(Homs• BtuH • {1113 - 1/SEERee))/1000 

= {BIUH • {l/11 - l/EERee))/1000 • O.S 

Deemed Ufetbne of Etlldent Equipment 
The expected measure life is assumed to be 18 years 52• 

Deemed Measure Cost 
The incremental capital cost fur this measure is provided below53. 

Ii Eflld8ari'1Av~I~, 

Deemed 08&M Cost Adjutments 
o/a 

Coincidence Factor 

SEER 14 

SEER. IS 

SEER.16 

SEER.17 

SEER.18 

SEER 19 

SEER20 

SEER21 

. c.~,.rToa 
$119 

$238 

$357 

$476 

$596 

$715 

$834 

$908 

The summer peak coincidence factor for this measure is assumed to be 0.554
. 

sz Measure Life Report. ResfdentiaJ and CommeR:iaJ/Jndus LlgNins and HV AC Measures, ODS Associates, June 
2007. 
hUp:l/www.ctBavesenagy.oqlfileslMeasurOLIMfaOR.eporM202007.pdf 
»DEER. 2008 Da!abase Teclmology and Measure Cost Data (www.deeresources.com) 
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REFERENCE SEC110N 

Calmladon of Sa'Vlngs 

Enel'IY Savlnp 

Whae: 

~WH = (FUlcool • BtuH * (llSEERbase - l/SEERce))/1000 

FLHcool 

BtuH 

SEERbase 

SEER.ee 

=Full load cooling hours 
- . 

OD location as below: 
Eoeatton~ Rim Boars» 

Akron 476 
Cincinnati 664 
Cleveland 426 
Columbus SS2 

DRVton 631 
Mansfield 474 

Toledo 433 
Youn2Sb>Wn 369 

= Size of equipment in Btuh (note 1 ton= 12,000Btuh) 
= Actual installed 
= SEER Efficiency of baseline unit 
= 13 S6 

=SEER Efficiency of ENERGY STAR unit 
= Actual installed 

For example, a 3 ton unit with SEER rating ofl4.S, in Dayton: 

~WH = (631 • 36000 • (1/13 - 1/14.S)) / 1000 

= 180.SkWb 

Sammer Colnddent Peak Demand Savlqs 

Where: 

~W = (BtuH * (l/EERbase- l/EERee))/1000 • CF 

EERbase 

EERee 

CF 

= EER Efficiency of baseline unit 
= 1l S7 

= EER Efficiency of ENERGY STAR unit 
= Actual installed 
=Summer Peak Coincidence Factor for measure 
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54 Based OD Bnergy Center of W'ISCODSin, May 2008 metering study; ''Central Air Conditioning in Wisconsin, A 
Compilation of Recent Field Research", p32 
S5 Based OD Pull Load Hoar assumptions taken &om the ENER.OY STAR cak:ulator 
lbttp:l/www.eggystlr.aczv/Whmi..,,,.. rm;Wnw'bpsaviap cak/Clk CAC.xls) and reduced by 33% due to 
assumption that the average aJr c:onditioning is oversized by 5096 (Nam, Proctor, Nadal, 1999; "Natioaal Energy 
Savinp Potelltia1 Pmm Addressing ResicfeutiaJ HV AC Installation Problems"'). Note Ibis approach resullB in full load 
hour estimates wilbin 10% of measured estimates &om the Energy C.eDter of Wisconsin. May 2008 study; "CeDtral Air 
Conditioning in Wisconsin, A Compilation of Recent Field Researc:b. " .. 
,. Mininnun Federal Standard 
S1 Minimum Federal Standard 
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=O.S SI 

For example, a 3 ton uoit with EER rating of 12: 

AkW = (36000 • (1111- 1/12)) / 1000 • O.S 

=0.14kW 

Fossil Fuel Impact Descrlpttons and Calmlattoo 
o/a 

Water Impact Descrlpttoos aad Calculatloa 
o/a 

Deemed O&M Cost Adjustment Calcaladoo 
o/a 
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" Based OD Energy Ceote.r ofWisconsiD, May 2008 metering study; "Central Air Coocliliooiog in W'gconsin, A 
Compilation ofReceat Field Raean:h", p32 
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Air Source Heat Pump (Time of Sale) 

Description 
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This measure relates to the installation of a new Air Source Heat PmDp system meeting ENERGY STAR 
efficiency standards presented below. 1bis measure could relate to the replacing of an existing unit at the 
aid ofits useful life, or the installation of a new system in an existing home (ie. time of sale). 

Definition of Eflldent Equipment 
In order for this chara.cterization to apply, the efficient equipment is assumed to be an Air Source Heat 
Pump unit meeting the mjojmum ENERGY STAR efficiency level standards; 14.S SEER, 12 EER. and 8.2 
HSPF. 

Definition of BaseUne Equipment 
In order for this characterization to apply, the baseline equipment is assumed to be an Air Source Heat 
Pump unit meeting the Federal Standard etlicie:ncy level; 13 SEER and 11 EER.. 

l>ffmed Calculation for this Measure 

Amwa1 kWh Savings = (FLHcool • BIUH • (1/13 - l/SEER.ee))/1000 
+(FUlheat. BtuH. (ln.7- l/HSPFee))/1000 

Summer Coincident Peak kW Savings = (BtuH • (1/11 - l/EERee))/1000 • o.s 

Deemed Lifetime of Ellldeot Equipment 
The expected lllC8SUle life is assumed to be 18 years 59

• 

Deemed Measure Cost 
The incremmtal capilal cost for this measure is provided below80. 

···- l}tn•n~ LeVel 

Deemed O&M Cost Adjustments 
Dia 

ColDddence Factor 

SEER.14 

SEER IS 

SEEll 16 

SEER.17 

SEER.18 

- e..gtjpe• Toa ' 
$137 

$274 

$411 

$S48 

$68S 

The summer peak coincidence factor for this measure is assumed to be o.S51
. 

Jll Measure Life Report, Residential and Commen:iallindu Lipciog and HV AC Measures, ODS Associates, June 
2007. 
h~:/lwww.c:tsavesenergy.org/files1Mea.s0Life%20Report%202007.pdf 
.. DEER 2008 Database Technology and Measure COst Dala (www.deeresources.com) 
61 Based OD Energy Ceom ofWisconsiD, May 2008 melaing study; "CeDiral AJr Cooditiooiog in Wjsronsin, A 
Compilation of;Recent Field Resach", p32 
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Calculation of Sawap 

Eneqy Savlllp 

REFERENCE SECTION 

AkWH = (FLHcool • BtuH • (l/SEERbase - 1/SEER.ee))/1000 
+ (FLHheat • BtuH • (l/HSPFbase- l/HSPFee))llOOO 

Where: 
FLHcool 

BtuH 

SEER.base 

SEERee 

FLHheat 

HSPFbase 

=Full load cooling homs - ,. 
on locaCion as below: 

,_ l!ioclitlon _ "Rml •BoonN 
Akron 476 

Cinciaoati 664 
Cleveland 426 
Columbus 552 

Davton 631 
Mansfield 474 

Toledo 433 
YounRSlown 369 

= Size of equipment in Btuh (note I ton= 12,000Btuh) 
= Actual iDstalled 
= SEER. Ef6.cim:y of baseline unit 
= 13 61 

=SEER. Efficiency of ENERGY STAR unit 
= Actual iDstalled 
=Full load heating boms 
I ,.mt on locaCion as below: 

,t.oC:atlOli - . RaBJIOdn'!'t" " .. "L '-- ,..• 

Akron 1576 
Cincilmati 1394 
Cleveland 1567 
Columbus 1272 

Davtoo 1438 
Mansfield 1391 

Toledo 1628 

= Hea~ Season Performance Factor for baseline unit 
=7."165 
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61 Based on Full Load Hour assumptions taken ftom the ENERGY STAR. cakulator 
Odtp:l/www.egermtar.aoy(iel!W!!!!lhu!lr S!!ft7becirWhrr calc/C!lc CACM> and reduced by 33% due to 
assumption that tbe average air conditioning is oversized by 5096 (Neme, Proctor, Nadal, 1999; "Natioual Eoeqy 
savings Potential Prom Addressing ResfclmtiaJ HV AC IDstallation Problems"). Note tlUs approach results in full load 
hour estimates witbin 10% of measured estimales fi'om tbe Energy Center ofW"ISCODSin, May 2008 study; "Cealrll Air 
Ccmditioaing in WJsc:omin, A Compilation of Receat Field ltesm'Ch. ". 
a MJnimw Pedaal Standard; Pederal Rqister, Vol. 66, No. 14, Monday, January 22, 2001/R.uJes and R.egulatioos, p. 
7170-7200. 
"Heatiq BPLH extracted fi'om simulaliODB conducted 1br Duke EDergy, OH Joint Utility TRM. October 2009; 
Wfeclmical Refenuce Manual ('mM) for Oblo Senate Bill 221.Eaergy Eftic:leDcy and Conserwtion Program and 09-
.512-0B-UNC" 
"Mfnfmam Federal Stanclud; Federal Register, Vol. 66, No. 14, Moaday, J8DUll}' 22, 2001/Rules and Regulations, p. 
7170-7200. 
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HSPFee =Heating Season Performance Factor for efficient unit 
= Actual 1Ds1alled 

For example, a 3 ton UDit widi SEER rating of 14.S and HSPF of 8.2 in Dayton: 
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t\kWH = (631 • 36000 * (1/13 -1114.S)) / 1000 + (1438 * 36000 • (ln.7-1/8.2))/1000 

=S90.7kWb 

S111D1Der Coincident Peak Delll8Dd Savlqs 

Wha'e: 

AkW = BbJH • (l/EERbase- ll.EERee))/1000 •CF 

EERbase 

EERee 

CF 

= EEll Efficiency of baseline unit 
=11*' 
= EER Efficiency of ENERGY STAR unit 
= Adual iostalled 
=Summer Peak Coincidence Factor for measure 
=O.S 61 

For example, a 3 ton unit widi EER rating of 12: 

AkW = (36000 • (1/11 - 1112)) / 1000 • O.S 

=0.14kW 

FossO Fuel Impact DftcrtpUoos and CalculaUon 
o/a 

Water Impact DescrlpUons and CalcalaUon 
o/a 

Deemed O&M Cost Adjustment Calcalattoo 
Dia 

• Mfninnim Federal Slandanl 
~ Based on Energy Center of Wisconsin, May 2008 metering study; "C.eabal Air Conditioning in WisconsiD, A 
COmpilatioo ofR.ecent Field Research", p32 
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Attic/Roof/Ceiling Insulation (Retrofit) 

Description 

EDCI Use 
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STAFF-DR-01-028 Attachment 

Page 36 of 397 

This measure cbaracteril.atio is for the installation of new additional insulation in the attic/roof7ceiling of a 
residential building. The measure assnmei; that an audiror. contractor or ulility staff member is on location. 
and will measure and record the existing and new insulation dcpda and type (to calculate R-values), the 
surface area of insulation added. and dae efficiency of the heating system used in the home. 

Deftnltlon of Eflldent Equipment 
The new insulation should meet any qualification aiteria required for participation in the propam. The 
new insulation R-value should include the total attic Boor /roof assembly and include any existing 
insulation that is left in situ. 

DelnltloaofBuellneEqalpmeat 
The existiDs insulation R-value should include dae total attic floor I roof assembly. An R-value of 5 should 
be assumed for the roof assembly plus the R-value of any existing insulation8

. 

Deemed Calculation for this Measure 

Air conditioning Saviqs 
Annual kWh Savings = ((1/R.exist-1/Rnew) • CDH • 0. 75 •Area)/ 1000/11Cool 

Summer Coincident Peak kW Savings = AkWh I FLHcool • 0.5 

Space Heatins Savinp: 
MMBTU Savings (fossil fuel beatiq) 

= ((1/R.exist- l/Rnew) • IIDD • 24 •Area)/ l,000,000/1lffeat 

Annual kWh Savings (electric beating) 
= (((l/Rexist- llR..uew) • IIDD • 24 •Area)/ l,000,000 I T1Heat) • 293.1 

Deemed Llrettme of Emdeat Equipment 
The measure life is assumed to be 25 yean•. 

Deemed Measure Cost 
The actual insulation installation measure cost should be used. 

Deemed 08cM Cost Adjustments 
Dia 

Coincidence Factor 
The SUIDlllel' peak coincidence &ctor for this measure is assumed to be 0.510

• 

68 The R-S assumption for roofassaably is based OD J.Neymadt & Associates aod National Renewable P.oergy 
Laboratory, June 2009; "BESTEST-EX Interim Test Procedure" p27. 1be auk: floor and roof sbould be modeled BS. 
system iDdading solar pins and attic venlilation, and R·.S is the standard assumption for the thermal resistance of the 
whole attic:hoof system. 
8 Measure Life Report, Residential and C'.ommerciaJ/In I.ipting and HV AC Meuures, ODS Associates, June 
2007. 
hUp://www.ctsaveseaagy.org/files/MasurOLife4620Report%202007.pdf' 
'Ill Based OD Energy Center ofWiJmnsin, May 2008 metering study; "CeDtml A1r Conditioning in Wisc:omdn, A 
compilation of Recent Field Research". p32 
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REFERENCE SECDON 
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Calmlatlon of Savlqs 

Enel'IY Sa'rillp 

Where: 

'1kWh = ((l/Rcxist- l/Rnew) • CDH • DUA• Area)/ 1000 / .,.COOi 

Rexist =existing effective whole-assembly thermal resistance value or R-value71 

= actual recorded 
Rnew =new total effective whole-assembly thermal resistance value or R-valuen 

= actual recorded 
CDH =Cooling Degree Homs73• 

Deoendent OD location: 
Location €ooM»earee Boan 

,t:. . - -- ~ ns"F set\mnt\. 
Akron 3.986 

Cincinnati 7.711 
Cleveland 5.817 
Columbus 4.367 

Davton S.934 
Toledo 4.401 

y, 3.689 
DUA = DiscretiOllll'Y Use Adjustment to account for the fact that people do not 

always operate their air conditionias system when the outside temperatme is 
greater than 75°F 
= 0.7.5 74 

Area = Squm:e footage of insulated area 
= actual recorded 

l)Cool = Efficimcy of Air Conditioning equipment 
=actual recorded 

For example, insulating 1000 square feet of an attic floor from R-5 to R-30, in a Cincinnati home with AC 
SEERlO: 

'1kWh = ((l/Rcxist - l/Rnew) • CDH • DUA • Area)/ 1000 I qCool 

= ((11.5 -1130). 7711. 0.7'. 1000) / 1000 / 10 

=96kWh 

Sammer Coincident Peak J>ttmand Savlnp 

'1kW = AkWh I FLHcool *CF 

Where: 
FUlcool =Full load cooling homs 

71 Ifunhlsulated assembly assume R.-5. 
72 IDclude die R.-value for die assembly and any existiag insulation mnainq. 
73 Derived by smnmtna die delta between die average outdoor temperature and die bue set point or 1s depees (above 
wbicb cooling is assumed to be used) each hour of Ille year. Hourly temperature data obtained &om 1MY3 data 
~;1/nedc.pglaoylsollrf) 
Blsed on Energy Center of Wiaconsin, May 2008 metering study; "Central Air Ccmditioniog ill Wisconsin, A 

Compilatioa of Recent Field Research", p3 I 
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CF 

I ~ t on location as below: 
' Lecatloa ._ ' Raa1Boan°· 

Akron 476 
Cincimlati 664 
Cleveland 426 
Columbus 552 

Davton 631 
Mansfield 474 

Toledo 433 
Y OUDRStoWll 369 

= Summer Peak Coincidence Factor for measure 
=o.s1' 
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For example, insulating 1000 square feet of an attic floor from R-5 to R-30, in a Cincinnati home with AC 
SEERlO: 

~W = ~Wh I FLHcool *CF 

= 1291657 • 0.5 

=O.lkW 

Space Heatlq Savlnp ClllculaUon 

= ((l/Rexist- l/Rnew) • HDD • 24 •Area)/ J,000,000 / T)Heat 

Where: 
HDD Heatina Dearee DaYS (60° base t 71 • for location 

LOcitlOa ·~· 

·-~:Da~ ' 

' '.C60~F bise .. "·' _ . "·' I• ~~ ' 
Akron 4.848 

Cincimlati 3,853 
Cleveland 4,626 
Columbus 4,100 
Dmon 4.430 
Toledo 4,482 

Younatown 4.887 

T)Heat =Average Net Heatins System Efficiency (Equipment Efficiency • Distribution 
Efficiency) 71 

75 Based OD Full Load Hoar assumptions taken from tbe ENBR.OY STAR ca1cuJator 
<bUp:/lwlyw.eagysttt.gny!Wh•pmJhttlk ~ cak;/calc CACJds) and reduced by 33% due to 
assumption that the avenge air conditioning is ovasiz.ed by S0% (Neme, Proctor, Nadal, 1999; ~atioDal Eoqy 
Savings Potential From Addressiq Residential HV AC Jmdallatkm Ploblems"). Note Chis approach results in :full load 
hour estimates witbiD 10% of masmecl estimates from tbe Energy cater of Wsscomin, May 2008 study; "CeDtral A.Jr 
Conditioning in Wiscoasin, A Compilation of Recent Field Research.'' 
'Msased OD Energy C.ealer ofWascomio, May 2008 metering study; "Ceollal A.Jr Conditioning in WiscODsin, A 
9>JnpilatiOD of Recent Field Research", p32 
77 lbe 10 year average ammal beating depee day valoe. using a balance point for heatiq equipment use of 60 degrees 
was calc:ulated for each location based on data obtained from hggt""zm• pdlJlmu*Omf!tcr' 1be 60 degree 
balance point is used based on personal communication witb Michael Blamik. consultant to Columbia gas in May 
2010, and derived from a billing analysis of approximately 600,000 Columbia Gas residential siDgle family customers 
in Ohio. 
71 The System Bflicieocy can be oNalned either by RCOrCling the APUE of the unit, or perfonning a steady state 
efficiency test. 'Ibe Distribution Rftlcimcy can be estimated via a visual inspection and by teferriDg to a look up table 
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= actual .recorded 
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Note for homes wltla electric heat (resistance or beat pump), follow the MMBTU formula above and 
convert to kWb by maltlplytq by 293.1. For beat pumps the equ1p1Dfnt efftclency used In the above 
aJaortttuD slaould be the Coellldent Of Performance or COP (I.e., divide HSPF by 3.412; e.g., HSPF 
7.7 ls COP ofl.Ui). 

For example. insulating 1000 square feet of an attic :O.oor from R-S to R-30, in a Cincimlati home with a gas 
beating system with efficiency of 70%: 

= {(l/Rexist- 1/Rnew) • HDD • 24 •Area)/ l,000,000 I ytffeat 

= ((llS- 1/30) • 3,853 • 24 • 1,000) / 1,000,000 I 0. 7 

=22MMBtu 

Water Impad Descriptions and Calculation 
n/a 

Deemed O&M Cost Adjustment Calculation 
n/a 

such as that provided by tbe BuiJdias Performance Institute: Qatlpj!/www.bpi.~mcyTabJe. 
Bh!fSbcstpdO or by pelfolming duct blaster testing. 
If there are more dum one beatma systems, tbe wejgbted (by c:onsumptton) avaage efficiency should be used. 
If the beating system or clistribuliao is being upgraded widain a package of measures together with the insulation 
upgrade, the new average beating system dliciellcy ahould be used. 

2010 Ohio Technical Reference Manual - Auaust 6, 2010 
Vermont Ener&Y Investment Corporation 

39 



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

Page 40 of 397 

ENERGY STAR Torchiere (Time of Sale) 

name, End Use 

Description 
A hip efficiency ENERGY STAR fluorescait torcbiere is purchased in place of a baseline mix of halogen 
and incandescent corchieres and installed in a residential setting. Assumptions are based on a time of sale 
purchase, not as a retrofit or direct install installation.. 

Debltlon of Edldmt Equipment 
To qualify for this measure the fluoi:escent ton:hiere must meet ENERGY STAR efficiency standards. 

Delnltlon ofBaRUne Equipment 
The baseline is based on a mix of halogen and incandescent torchieres. 

Deemed Savings for tllls Measure 

Average Annual 
KWH Savings per 

uoit 

Avenge Summer 
Coincident Peak kW 

Average .Ammal Fossil Fuel 
heating fuel savings 

Sa . unit 

Residential 128.9 

Deemed Lifetime of Emcltnt Equipment 
The lifetime of the measure is assumed co be 8 yean79• 

Deflned MHsure Cost 
The incremental cost for this measure is assumed to be $S.0080• 

Det>med O&M Cost Adjustments 
The annual O&M C-ost Adjustment savings is calculatecl as S2.S2. 

Colnddence Factor 
The summer peak coincidence factor for this measure is 0.1181

• 

Calculatlon of SaWlp 

Eneqy Savlnp 

REFERENCE SECI10N 

6.kWH =((AW8f1.srvtd1/ l000) • ISR •HOURS• WHFe 

Where: 

unit 

AWa~ =A~ delta watts per purchased ENERGY STAR tcm:biere 
= llS.8 

Avenge Almual 
Water savings per 

unit 
Dia 

7'J Measure Life Report, Residential and Commercial/lndu Ligbtiag and HV AC Measures, ODS Associates, June 
2007. 
ID DEER. 2008 Database Teclmology and Measure Cost Data twp dacmoynp sgml and CODSistent with EBiciency 
Vermont TRM. 
11 Nexus MaJket Raearcb, RLW AJlalytics and ODS Associates study; "New England Residential I.ipdng Maltdowo 
Impact Evaluation, Janwuy 20, 2009" 
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ISR 

HOURS 

WHFe 
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= In Service Rate or percentage of units rebated that get iDstalled. 
=0.95 13 

=Average hours of use~ year 
= 1095 (3.0 hrs per day) 
= Waste Heat Factor for Energy to account for cooling savings from efficient 
ligbtin& 
= 1.07 15 

&WH =(115.8/1000) • 0.95 * 1095 • 1.07 

= 128.9kWh 

Summer Coloddeut Peak J>tomaud Sa\'tugs 

&W =(A Watfs.rClldl/1000) • ISR • WHFd •CF 

Where: 
WHFd =Waste Heat Factor for Demand to accouot for cooling savings from efficient 

ligb. 

=l.~ 
CF = Summer Peak Coincidence Factor for measure 

=0.1187 

&W = (l 15.8 /1000) * 0.95 * 1.21 * 0.11 

=0.015kW 

Fossil Fuel Impact Descrlpttous and CalculaUoo 

MdMB'IUwe = ((AWat15r.m /1000) * ISR •HOURS• 0.003413 •HF) I qlleat 

82 Nam Market Resean:b,, "Impact Evaluation of the Mamdmsetcs, Rhode Island and Vennont 2003 Residemial 
Ligbting Programs'', PiDal Report. October 1, 2004, p. 43 (l'able 4-9) 
IS Nexus Market Rescucb, RLW Analytics "Impac:t Evaluation of the Massachusetts, Rhode Island, and Vemaont 2003 
R.esicleotial Liabting Programs" table CS.3 on p63 indicates that 86% tmcbieres were iDstalled and a furtlm 9% were to 
be inslallecl. Tablecs. 7 on p67 shows that oooe are pun:based as spam so we assume lllat all are iDstalled in first year. 
ai!;ttppblinmk' ympqg«.agy/cpgytcs mp1effisims,ylmllnwjytrWUJn•Uoouw pclO 

Nexus Market Research, "Impact Evaluation of the Massacb11setts, Rhode Island and Veanoat 2003 Residelltial 
I igbting Programs", PiDaJ Report, October 1, 2004, p. 104 (!'able 9-7) 
as Waste beat factor for energy to account for cooq uviDp fiom efficient upting. Tbe value is estimated at 1.07 
(calculated as 1+(0.64•(0.3S/3.1)). Based on cooq loads decreasiDg by 35% oftbe li&btiD8 aavinp (avenge result 
from REMRate modeling of smnl differaat configurations and OH locations of homes). 8f!Slnning typical cooJiua 
system operatiDa eflic:ieacy of3.1 COP (lltartiq fiom staDdard assumption of SEER 11 cenlr8I AC unit, converted to 
10.S BER usifls algoritbm BER= (SEER• 0.37) + 6.43 (based on Roberts and Salcido, Arcbitec:tural Energy 
Corporation, Feb 2008; "Peak Elec:tric Demand C&lculations in the REM/Rate Home Energy Rating Software and 
RF.M/Desip Home Energy Analysis Software"), converted to COP= EER/3.412 = 3.lCOP) and a•gning 64% of 
homes bave c:eotral cooling (P.ast North Central census division 1iom Eaergy ID!onnation Administration. lOOS 
Raideatial Energy CoDSumplioa Smvey; 
f!;11www.•c1oe.m1mm1'rscslteq2005thc tabJeslbc6airso!inpipperlpdf/tlbJel!c12.6.pdf). 

Waste beat factor for demand to acc:ount fi>r cooling savings fiom efficient ligldiDg. Tbe value is estimated at 1.21 
(calculated aa 1+(0.64/3.1)). Based on typical cooling system operating eftlcieacy of3.1 COP (stmting fi'omstandard 
assumption of SEER 11 ceocral AC unit. c»nvated to 10.S EER using a1goridnn BER= (SEER • 0.37) + 6.43 (based 
OD Roberts and Salcido, Arcbitectmal Energy Corporation. Feb 2008; "Peak Eledric Demand C8lculations in the 
REM/Rate Home Energy Rating Software and REM/Desiga Home Eaagy Analysis Software"), convated to COP= 
BER/3.412 • 3. ICOP), and 64% of homes having ceatra1 cooling (East North cenbal census division fiom P.Dergy 
Information AdminltdJltion, 200S Residenttel Energy Consumption Survey). 
1r1 Nexus Market Research, RL W Analytics and ODS Associates study; "New P.aglaod Residential Li8btins Maltdown 
Impact Ewlmtion, Jaauary 20. 2009" 
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aMMBTUvm = 8fOSS customer annual heating MMBTU fuel increased usage for the measure 
from the reduction in lighting heat. 

0.003413 =conversion from kWh to MMBTIJ 
HF =Heating Factor or percentage of light savings that must be heated 

=0.4588 

l)lleat = averaae heating system efficiency 
=0.72 8 

~rows =((115.8/1000) • o.95 • 1095 • o.003413 • 0.45)/0.72 

= 0.257 MMBtu 

Water Impact Descrlptlons and Calculatton 
Dia 

Deemed o&M Cost Adjustment Calcalatton 
The amwa1 O&M Cost Adjustment savings is calculated as $2.52, based on the following compoomt costs 
and lifelimes'O 

Efficient Measure Baseline Measures 
t Cost Life Cost Life 

$7.50 8.87 $6.00 1.83 

• Le. heatioS loads increase by 45% of the UgbliDg savings (average result from REMRate modeHng of several 
different configurations and OH locations of homes), 
89 This bas been estimated assnmiq that aatura1 ps ceatra1 fumace beating is typical fur Ohio reside.uc:es (65% of East 
North Cemral census division has a Natmal Gas Fumac:e (based on Energy Information AdministntioD, 2005 
Residential Energy Coosuqltioo Smwy: 
bttp;Jtwww,MhlQYlmmVnselsm'00SJJac200S flb!C"bMpsdntiMlpdfltablclM;J24.pdf)) 
ID 2000, 40% offumaces purcbased iD Ohio were condensfDg (based on data from GAMA, provided to Depaltmeat of 
BaaaY during the feclera1 standard settiq process). Assnmiq typical efflciencies for oondemring and DOD condensing 
fbmace and duct losses, the average beating S)'lltem efficiency is estimated as follows: 
~-4•0.92) + (0.6•0.8) • (1-0.15)- 0.72 

Cost data derived fiom Eflicieacy VenDOllf TRM. 
" Celculated using assumed average rated life of Eaagy Star compact 1luorescent torcbieie bulbs of 9710 hours 
w110/109s- 8.87 years) Odtp;t/dpwpkwll cpcnmllr BQYDj/ggli#lfig1wp gmd •w ,.,). 

Based on VEIC assumption of baseline bulb (mix of iacandesc:em and halogea) average rated life of2000 holD'S. 
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Dedicated Pin Based Compact Fluorescent Lamp (CFL) Table Lamp 
(Time of Sale) 

Oftldal Measure CGM (Measure Number: X-X-X-X (Efticien.t Products, Lighting End Use) 

Descrlptton 
A dedicated pin based low wattage compact fluorescent (CFL) table lamp is purchased through a retail 
outlet in place of an equivalent incandescent bulb lamp. The incremental cost of the CFL lamp compared to 
an incandescent lamp is offset via either rebate coupons or via upstream uuutdowns. ASsumptions are 
based on a time of sale purchase. not as a retrofit or direct ins1all installation. 
This characterization assmnes that the CFL is ins1alled in a residential location. 

DeflntUon o!Etlldent Eqalpment 
In order for this characterization to apply, the high-efficiency equipment must be dedicated pin based low 
wanap compact fluorescent (CFL) table lamp. 

DeflntUon o!Basellne Equipment 
The baseline equipment is an incandescent table lamp. 

Dffmed Savlnp !or tllls Measure 

Residential 

Average Annual 
KWH Savinp per 

unit 
42.S 

Average SUmmer 
Coincident Peak kW 

Sa • unit 

Adjustment to amma1 savinp within life of measure: 

eFL ' - '· ·- !U 1j I 

WafPp . 2009[;;. ~OH 

l iou 
lS or less 100% 100% 

16-20 100% 100% 

21W+ 100% 63% 

Deemed Ufetlme or Etlldent Equipment 
The expected lifetime of the measure is 8 year.!3. 

Deemed Measure Cost 
The incremental cost for this measure is assumed to be $894

• 

Deemed O&M Cost Acljastments 

Average Amwal Fossil Fuel 
heating fuel savings 

unit 

e,of Base Year saw.a 
2013 r• 2014ad 

I ~ 

~Ol!d -
100% 63% 
62% 62% 
63% 63% 

Average Annual 
Water savinp per 

unit 
Dia 

The calculated levelized annual replacement cost savings for CFL type and installation year are presented 
below: 

" Measure Life Report, Resicfential and Commercial/Jndastrial I.ipting and HV AC Measures, GDS Associates, .June 
2007. 
f°:llww'£st""mmunm•caJMmnN-OLif@ORCpgl12ft202QQZ,pdf 

Average table lamp measure in DEER 2008 Database Tec:lmology and Measure Cost Data <www-deemomces-com>. 

2010 Ohio Technical Reference Manual - Aul'JSt 6, 2010 
Vermont Eneray Investment corporation 

43 



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

Page 44 of 397 

NIW of baseUne R-lacemmt Oosts 
CFI:.,,attau 2810~ 201L 2012 2oi~oa 
21W+ $3.86 $4.97 $4.97 $4.97 
16-20W $4.15 $3.86 $4.97 $4.97 
lSWandless $4.43 $4.15 $3.88 $4.97 

Colnddence Factor 
The summer peak coincidence factor for this measure is 0.1195

• 

CalculaUon of Savtop 

Eneqy Sa'11lp 

REFERENCE SECI10N 

AkWh =((A.Watts) /1000) • ISR • HOURS • WHFe 

Where: 
A.Watts 

JSR 

HOURS 

=Difference in wattage between CFL and incandesc:ent bulb 
=4S.7 96 

= In Service Rate or percentage of uni.ts Rbated that get installed. 
= l.OVI 
= Ave~e hours of use per year 
=869 91 

WHFe =Waste Heat Factor for Energy to account for cooling savings from efficient 
lighting 
= 1.07 119 

Ak.Wh = (4S.7 / 1000) • 1.0 • 869 • 1.07 

=42.SkWh 

Summer Coincident Peak Demand Savtnp 

Ak.W =((A.Watts) /1000) • ISR • WHFd •CF 

Where: 

"Nems Market Raearcb, RLW Analytics and GDS Associates study; ''New England Residenlial Ligbting Malkdown 
Impact Evaluation. January 20, 20®" 
115 Based on RL W Analytics, New England Residential Lighting Maakdown Impact Evaluation, January 20, 2009. 
w VEIC is not aware of any evaluations that evaluate ID Service Rates of table lamps, but feel it is appropriate to 
assume that those people purchasing a table lamp will iDsCall and use it. 
111 Nexus Market Resean:b, RL W Analytics and GDS Associates study; "New England Resideutial LigbtiDs Madulown 
!!JJpact Evaluation. January 20, 2009", p50. 
" Waste beat factor fur energy to account for cooliq savinp fiom efficient Upting. The value is estimated at 1.07 
(calculated as 1 + (0.64•(0.3S / 3.1)). Based on cooliq loads decreasing by 3.5% of the ligbtiJl8 savings (avaage teSlllt 
fi'om REMRate modellns of several dift'erent configurations and OH locations of homes). assuming typical cooliq 
syslm1 operating emciency of 3.1 COP (stmting ftom slaodard assumption of SEER 11 ceolral AC unit, converted to 
10.s EER. using algorithm EER =(SEER • 0.37) + 6.43 (based on Roberts and Salcido, Ardlitectural P.aagy 
COlporatioD, Feb 2008; "Peak Blec:Uic Demand C&lculations in lbe REM/Rate Home Energy Rating Software and 
REM/Desip Home Energy Analysis Software"), converted to COP= EER/3.412 = 3. lCOP) and 8SSIQDing 64% of 
homes bave central cooling (P.ast North Central ceDSWJ division from F.aeqy Infoanation Administration, 200S 
ResfdeatiaJ Energy Consumption SUrvey; 
bt!p;/JWn.eia.doe·•oVlemeul!ecsll!CS200S/hc200S ta~!Wpigsdm/pd.£'"*'512.6.pdt). 
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WHFd =Waste Heat Factor for Demand to account for cooling savings from efficient 
ligb. 
=1~00 

CF = Summer Peak Coincidence Factor for measme 
=0.11 

.AkW = (45.7/1000) • 1.0 • 1.21•0.11 

=0.0061kW 

Baseline Adjustment 
Federal legislation stemming from the Energy Indepeode:nce and Security Act of 2007 will require all 
genaal-purpose light bulbs between 40 and lOOW to be approximately 30% more energy efficient than 
cwrent incandescent bulbs, in essence beginning the phase out of standard incandescent bulbs101• In 2012 
1 oow incandescents will DO longer be manufactured, tbllowed by RStrictions OD 7SW in 2013 and 60W in 
2014. The baseline fur Ibis measure will therefore become bulbs (unproved incandescent or halogen) that 
meet the new standard. 

To account for these new standards, the first year annual savings fur this measure must be reduced for 
1 OOW equivalent bulbs (21 W+ 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 adjustment 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 measure. For example, for lOOW equivalent bulbs (21 W+ CFLs) installed in 2010, the full savmg., 
(as calculated above in the Algorithm) should be claimed for the first two years, but a reduced annual 
savings claimed for the remainder of the measure life. 

The ~te adjustments as a percentage of the base year savings for each CFL range are provided 
below . 

GFE II savhua.8s1Rerceat•e otiue.Year. - · -t 

,, WattJiM ' 2005>- •.1 ®12 Z013 I 2014f>at1 
20.H 

' 
Jl!Yo.nd 

L -,,.,. ·-
15 or less 100% 100% 100% 63% 

16-20 100% 100% 62% 620At 
21W+ 100% 63% 63% 63% 

Fossil Fuel Impact Descriptions and Calc:ulatton 

AMMB'IUwa =(((~Watts)/1000)* ISR •HOURS• 0.003413 • HF)/Ttfleat 

Where: 
AMMBTUwa = gross customer anouaJ heating MMBTU fuel increased usage for the measure 

from the reduction in lighting heat 

100 Waste beat factor for demand to accould for cooling saviDp from etlicient liPtiag. 1be value is estimated at 1.21 
(ca1culated as 1 + (0.64/3.1)). Based OD typical cooling system operating ef!iciem:y of3.1 COP (starting fiomslandard 
assumption of SEER 11 ceutra1 AC uait. c:ooverted to 10.5 mm using algoriduD EBR. =(SEER.• 0.37) + 6.43 (based 
cm Roberta and Sllcido, Alcbitectural Emqy Corporation, Feb 2008; .. Peak mec:tric Demand calcuJattons in die 
REM/Rate Home &lergy Rating Softwln and REM/Design Home P.oeqy Aaa1ysis Software"). converted to COP= 
BER/3.412- 3.lCOP), and 64o/o ofbomes bavtas cadra1 cooling (Bast North Central census division from Energy 
Information Administration, 2005 Residential Enerl)' Consumption SUrvey). 
lot http:ltwww.apo.gov/fdsyBIJ>kw'BIL-llOhJGenrlpclf1BU.l.S-110br6em.pdf 
ua Calc:olated by finding the perceolage reduction in change of delta watts, for eK1111ple change in lOOW bulb: (72-
23.S)l(l 00-23.S) or 63.4% 
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