
Heat Pump Water Heaters (Time of Sale) 

Description 

·name EnCI Use 
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This measure relates to the installation of a Heat Pump domestic hot water heater in place of a standard electric 
hot water heater in conditioned space. This is a time of sale measure. Savings are presented depeadenr on the 
heating system imtalled in the home. 

De8nltlon of EIDdent Equipment 
To qualify for this measure the iDstalled equipment must be a Heat Pump domestic hot water heater. 

Deanttton of Basellne Equipment 
Tho baseline condition is assumed to be a standard electric hot water heater. 

Deemed Savlnp for this Measure 

Heating Average Anoua1 Average Summer 
System: KWH Savings per unit Coincident Peak kW 

Savinas oa unit 
Electric 499 0.068 

Resistance 
Heat 

HeatPmm> 1297 0.18 
Fossil Fuel 2076 0.28 

Deemtd Ufettme of Eftldent Equipment 
The~ life is assumed to be 10 year$"2. 

Deemed Measure Cost 

Average Anoua1 Fossil Fuel 
heating fuel savings 
lMMBlm oa unit 

n/a 

n/a 
-7.38 

The incremental cost for this measwe is assumed to be $925 n 3• 

Deemtd OlcM Cost Adjustments 
o/a 

Colnddence Factor 
The summer coincidence mctor is assumed to be 0.346 214

• 

Calculation of Savlnp 

Entl'IY Savlnp 

REFERENCE SECTION 

Average Amlual 
Water savings per 

unit 
n/a 

n/a 
n/a 

L\kWH = KWHbase • ((COPnew - COPbase)/COPnew) + KWHoooling - KWHheatiog 

2UBased on ENERGY STAR Residential Water Heaters, Final Criteria Analysis: 
htb!;tl!rww ..,.. ... spy/j!!/p!lltlw c1cye.1smcpt1pp W'f'dcmm!s!edslwttcr Wm/W•lgdlplgDgftQjtcrieAp 

we:::.. Energy Investment ColpOl'ltion "Residential Heat Pump Water Heaters: Energy Efliciency Potential and 
Industry Status" November 2005 
21' C8lculated &om Itron eSbapes. wbidl is 8760 hourly data by end use for Upstate New York, adjusted fOr OH peak 
delnitions. Resllllant coiacident peak kW is coosisteat with result shown in FEMP study; Field Testing of Pre-Procluc:tioo 
Prototype Residential Heat Pump Water Heaters 
hgp;//wwwl W&CllPIJ.IOYlfmn>lpdMjr Wsppgp.pdf 
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Where: 
KWHbase = Averaae electric DHW consumption 

=346021S 
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COPnew =Coefficient of Performance (efficiency) of Heat Pump water heater 
= 2.0216 

COPbase 

KWHcooling 

KWHheating 

= Coefficient of Performance (efficiency) of sbuldard electric water heater 
=0.904217 

=Cooling savings &:om coovenion of heat in home to water heat 
= 180 218 
=Heating cost &:om conversion of heat in home to water heal 

Dependent on heating fuel as follows219
: 

KWHheating (electric resistance) 
KWHbeating (heat pump COP 2.0) 
KWHheating (fossil fuel) 

= 1,577 
=779 
=O 

akWH electric resistance heat = 3460 • ((2.0 - 0.904) / 2.0) + 180 - 1577 
=499kWh 

akWH heat pump heat = 3460. ((2.0-0.904) / 2.0) + 180 - 779 
= l ,297kWh 

akWH fossil fuel heat = 3460. ((2.0 -0.904) / 2.0) + 180 - 0 
=2.076kWh 

Summer Colndclent Peak Demand Sal'lnp 

Where: 

!JkW = AkWh I Hours • CF 

Homs = Full load hours of hot water heater 
= 2533 220 

CF = Summer Peak Coincidence Factor for measure 
=0.346 221 

2u Assumption taken Dom; Residential Water Heaters Tedmical Support Document for tbe Januaiy 17, 2001, Final Rule 
Table 9.3.9, p9-34, bttp:l/wwwl .ege.epegy.aoyAmildinplemli'W! !l!!mdtrWmtdrptial/MM)O,pdf 
Consistent witb FEMP study; Pield Testing of ~Production Plototype Residential Heat Pump Wall:r Heaters 
lf!:lfnrwl.eers.way.aoy/fam'pdfs/tir .... !P'Utdf 

Emctency based on ENERGY STAR. Residential Water Heaters, Final Criteria Analysis: 
bgp;/Jw'Ww.ggyM.19Ylillmrtpmc)ml *Yr1ennmtJPD' :maJ!kzmtlptdslp!q hgtmlWlfpH ... DqftCritgriaAn 
~Lpdf 

AS above 
211 J>elennjned by calculating the MMBbJ removed from tbe air, applying die REMRate detenD1Ded percentage (35%) of 
ligbtiDg savinp that result in reduced cooling loads (lisbting is used as a proxy for bot wata' healing since load shapes 
sugest their seasonal usage patterns are similar), assuming a SEER 11 ce:nb'a1 AC unit, multiplying by 64% to adjust for tbe 
pen:entage of OH homes having cooling (East NOJtb Central census division from Energy Information Administntion, 2005 
Residential EDellY Consumption SurJey; 
bltpi//www.eia.doe.aovlemeu/rp/Rcs2005Jhc2005 ~jpvlm/pclf1tlbll2,6,pdf), and applying die 
Di.acrdionmy Usage Adjustment of0.75% (Based on EnergyCenter ofW"ISCODSin, May 2008 metering study; "Celltral Air 
CoDditioniDg in W"uconsin, A Compilation of Recent Field Researcb", p31) 
21

' Detamined by calculating the MMBtu removed from tbe air, as above, app1yjug tbe REMRate determined percentage 
(45%) ofligbtins savinp tbat iesu1t .in increased beating loads, convertiq to kWh and divicling by efliciency ofheatioa 
~ (1.0 for electric resistance, 2.0 for lleat pump). 

Pull load hours assumption based OD Efticiency Vennoot loadsbape, calculated from Itron eShapes. 
221 Calculated &om Itron eShapes, wbich is 8760 hourly data by end use for Upstate New York, adjusted for OH peak 
de.fioitioas. Resultant coincident peak tw is consistent with result shown in FEMP study; Field Testing of Pre-Production 
Prototype Residential Heat Pamp Water Heatas 
bUp;llw>nyl.mu1mupy/!ll!l!'Pt!Mjr """"'navclf 
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AkW dedlic resistance heat 

AkW heat pump heat 

AkW fossil fuel heat 

Fosso Fuel lmpad Desc:rlptlons and Calmlatlon 
(For homes wi1h fossil fuel heating system) 

= 49912533 • 0.346 
=0.068kW 

= 1297 / 2533 • 0.346 
=0.18kW 

= 207612533 • 0.346 
=0.28kW 

= -7 .38 MMBtu222 

Water Impact Descrtpttons and Calcnlatlon 
o/a 

Deemfd OlcM Cost Adjastmeot Calculatloo 
o/a 
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222 1bis is the additional energy consumption (therefore a negative value) requiRcl to replace the beat removed ftom the 
home during die heating season by the beat pump water beater. Determined by calculatiag tbe MMBtu removed fi'om tbe 
air, applying the REMRate determined percentage (45%) of lipf:ina savings tbat result in increased beating loads (lipting is 
used as a proxy for bot water beatiag since load shapes sugest their seasonal IJS88e patterns are similar), dividiq by tbe 
eflicieucy of the heatiag system (estimated •"miDI that natural gas central fumace healing is typical for Ohio residences 
(65% ofBast North central census division bas a Natural oas Pumace (based on Energy 1Df01D11tioo Administration, 2005 
Residential Energy Consumption Survey: 
bl!p;//www.eia.dpe.goy/pgsqlrecr/ncl20S Wdn"'Mn'MrDslr!MJlllzld!sl2.4.pdf)) 
ID 2000, 40% of fumaces purchased in Ohio were CODCleosiD8 (based on data hm GAMA, provided to Department of 
Energy durill8 the federal standard setting process) . .Aninntq typical efficiencies far condeosiog and DOD c:oadensiug 
fumac:e and duct losses, the avemge beating system eflicieocy is estimated as follows: 
(0.4*0.92) + (0.6*0.8). (1-0.15) ... 0.72. 
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Low Flow Faucet Aerator (Time of Sale or Early Replacement) 

Descrtptlon 
This measme relates to the installation of a low ftow (1.5 GPM) :filucet aerator in a home. 'Ibis could be a 
~trofit direct io.stall measme or a new iostaUation. Both electric and fossil fuel savings are provided, although 
only savings couespondiog to the hot water heating fuel should be claimed. 

Det1oltloo of Eflldeot Equipment 
The efficient equipment is a low flow aerator. 

Deloltton of BaseUne Equipment 
The baseline equipment is a s1andard faucet aerator using 2.2 GPM. 

Deemed Calcalatloo for this Measure 

Amlual kWh savings = ISR • ((2.2 - GPMlow) / 2.2) • 77 

Suuuner Coincident Peak savings = ~WH • 0.000125 

Amwal MMBTU savings = ISR • ((2.2 - GPMlow) / 2.2) • 0.3435 

Amlual Wala- savings (gallons) = ISR • ((l.2 - GPMlow) / 2.2) • 1398 

Deemed Ufetlme of Eflldent Equipment 
The measure life is assumed to be 5 year,i03. 

Deemed Measure Cost 
As a retrofit measure. the cost will be the actual cost of the aerator and its installation. 
As a measme distnl>uted to, but installed by, participants, the cost will be the cost of the aerator and the 
distribution cos1s. 
As a time of sale measure, the cost is assumed to be SP. 

Dffmed o&M Cost Adjustments 
When a retrofit measure, there would be a very small O&M beaefit associated with the defetral of the next 
eplacement. but this bas conservatively not been characterized. 

Coloddence Factor 
The coincidence factor for this measure is calculated at 0.0026m. 

REFERENCE SECDON 

Calculation of Snlop 

Eoel'IY Savlop 
If electric domestic hot water heater: 

223 Comerwtive estimate based on review of TRM assumptions from olher States. 
DC Navipnt Consultiag. Ontario Energy Board; "Measures md Assumptiom for J)anand Side Management (DSM) 
Plmminl", April 2009. 
m Calculated as follows: Assume 13% fimcet use takes place during peak hours (baaed cm: 
11gp:11pw1uqpemft rm/Jlmrplpad BcoorhJlllWJQRJmATFJ>.HW WATER ysepdf) 
13%. 3.6 minutes per day (10.9. 2.56 / 3.5 / 2.2 = 3.6) = 0.47 minutes 
= 0.47/180 (minutes ill peak period)"" 0.00262 
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Where: 
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.dk:WH = ISR • ((((GPMbase - GPMlow) I GPMbase) • #people • gals/day • days/year• 
DR) IF/home) • 8.3 • (Tft - Tmains) / l ,000,000) I DHW Recovery Efficiency I 
0.003412 

ISR = In Service Rate or fraction of UDi1s that get installed 
Retrofit/Dircct Install = 1.0 
Customer self install = 0.48226 

GPMbase =Gallons Per Minute of baseline faucet 
=2.2'¥¥1 

GPMlow = Gallons Per Minute oflow tlow faucet 
=AclUal 

#people = Averaae number of people pez household 
= 2.46%.11 

gals/day = Awraae gallons per day used by all faucets in home 
= 10.9 28 

daysly = Days faucet used per year 
=365 

DR =Percentage of water flowing down drain (if water is collected in a sink, a faucet 
aerator will not result in any saved water) 
=50%230 

F/home = A verge number of faucets in the home 
= 3.5 231 

8.3 = Constant to convert gallons to lbs 
Tft =Assumed temperature of water used by faucet 

= 30231 
Tmains =Assumed temperature of water entering house 

= 57.8 233 

DHW Recovery Efficiency = Recov~ efficiency of electric bot water heater 
=0.98 234 

0.003412 = CODStBDt to converts MMBtu to kWh 

For example, a. l.5GPM direct installation: 

.dk:WH = 1.0 • ((((2.2 -1.5) / 2.2) * 2.46 • 10.9 • 365 • 0.5)) / 3.5 • 8.3 • (80-57.8) I 
1,000,000) I 0.9810.003412 

=24.5kWh 

m BOD _2009 _DSM_Amrual Report from table 27 survey of Inscall rates: OVerall averages of 62% and 34% for kitchen 
and bath aeratm respectively are averaged to get 48%. Tbere is sipificant variation in rates by building type, aerator type, 
and distribution so surveying participants is encouraged 
m In 1998, the Department of Energy adopted a maximum Oow rate standard of2.2 pn at 60 psi for all faucets: 63 Federal 
~ 13307; March 18, 1998. 
221 US Energy Information Administration, Residential Energy Consumption Smvey, Bast North Central Census Division; 
~;f/wq.Mdge my!C!!!C!Jhrs:s/m:thc20M llbJ"15lTmpphisQ!fhpbJclas12.3.pclf 

Most commonly quoted value of pllons of water used per penon per day (mcluding in U.S. F.ovin>mDental Protection 
~··"Water sense" documents; bqp:ttwww v aov1w•r"'dpq0pps 81PP"M'108.pd0 

Estimate consisteot with Ontario Energy Board, "Measun!s and Assumptions for Demand Side Management Planning" 
231 Estimate based OD Bast Bay Municipal Utility District; "Wala' Conservation Maltet PenelratiOD Study" 
.. ://www.shmgd com{sites{ddiplLlfilM@/pwtet pepebaticm studv O,pdf 

C.onnecticut Enqy Emciem:y Fund; CL&P aod UI Program savings J)onaeahdion for 2008 Program Year 
m Ammal average of all cities obCained from OH Joint Utility TRM; Table 39: MoDlhJ:y Mains Wat« Temperature for 
Seledld Cities C°F.). 
234 Electric wata' heater have recovery efficienc:y of 98%: bttQ:/Jwww.ehripclqq/ARI/glil/shgwdps.•em?doc='7.§ 
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Sommer Colllddent Peak Demand Savings 

Where: 
AkW = Ak.Wb/homs •CF 

Hours =Average number of hours per year speat using faucet 
= (Gallpason • #people • 365) IF/home I GPM 160 
= (10.9. 2.46. 365) / 3.512.2160 
=21 hours 

CF = Summer Peak c.oincidmce Factor for measure 
=0.00262 

For example, a l.SGPM direct installation: 

AkW = 24.S / 21 • 0.00262 

=0.003lkW 

FossD Fuel Impact Descriptions amt Calcolattou 

If fossil fuel domestic hot water heater, MMBtu savings provided below: 
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AMMBtu = ISR • ((((GPMbase- GPMlow) I GPMbase) •#people• gals/day• 
days/year • DR) I Flbome) • 8.3 • (Tft - Tmains) / l,000,000) I Gas DHW 
Recovery Efficiency 

Gas DHW Recovery Efficiency 

For example, a 1.SGPM direct installation: 

= Reco~ efficiency of electric hot water heater 
=0.75 23S 

AMMBtu = 1.0 • ((((2.2- 1.5) / 2.2) • 2.46 • 10.9 • 365 • 0.5)) / 3.5 • 8.3 • (80-57.8) I 
1,000,000) I 0.15 

= 0.109 MMBtu 

Water Impact Descrtpttous and CaJculadoD 

Water Savings= ISR • (((GPMbase - GPMlow) I GPMbase) • #people • gals/day • 
days/year • DR) I F/bome 

For example, a l .SGPM direct iDstallation: 

Wala" Savings = 1.0 • ((((2.2- 1.5) / 2.2) • 2.46 * 10.9 * 365 • 0.5)) 13.5 

= 445 pllons 

Deemed O&M Cost Adjustment CakalaUoo 
When a retrofit measure, there would be av~ small O&M benefit associated with the defeaa1 of the next 
replacement, but chis has conservatively not been characterized. 

m Review of AHRI Directmy sugem nmp of recovery efticiencyraliop forJJeW oas DHWuoitBof7C>-87%. Average of 
existing units is estimated at 75% 
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Low Flow Showerhead (Time of Sale or Early Replacement) 

Description 
This measure relates to the installation of a low flow showerhead in a home. This is a retrofit direct install 
measure or a new installatioa Both electric and fossil fuel savings arc provided, a1dtougb only savings 
corresponding to the hot water heating fuel should be claimed. 

Detbdtlon or Emdent Equipment 
The efficient condition is a low flow showedlead. 

Deanttlon or Basellne EqaJpment 
The baseline is a standard showerhead using 2.87 GPM236

• 

Deemed Calculation for this Measure 

Annual kWh savings = ISR. • (2.87 - GPMlow) • 179 

Summer Coincident Peak savings = ~WH • 0.000112 

Annual MMBTU savings = ISR. • (2.87 - GPMlow) • 0.8 

Ammal Wala' savings (sal) = ISR. • ((2.87 - GPMlow) / 2.87) • 4960 

Deemed UfeUme of Eftldent EqaJpment 
The measure life is assumed to be 5 years 217

• 

Deemed Measure Cost 
As a retrofit measure, the incremen1al cost will be the cost of the showerhead including its installatioa 
As a measure distributed to, but installed by, participants, the cost will be the cost of the showediead and the 
distnl>ution costs. 
As a time of sale measure, the incremental cost is assumed to be $6238• 

Deemed 08r.M Cost Adjustments 
When a retrofit measure, there would be a very small O&M benefit associated with the defenal of the next 
replacement, but this bas cooservatively not been characterized. 

Colnddence Factor 
The coincidence tactor for this measure is calculahd at 0.00371 239

• 

236 Average flow rate ofnplaced showerhead fiom Enbridge Gas Distnbution Ioc., April 2010; "Demand Side Management 
2009 DSM Draft Amwal Report", p77-78. C8lculated wilb tbe average flow rate of units between 2 and 2.SOPM of 
2.450PM, average flow rate ofuoits peater than 2.SGPM of 3.07, and 33% of all uni.ts between 2 and 2.5%, 67% of uni.ts 
over 2.50PM; (2.45~.33)+(3.01•0.67) = 2.87GPM 
n 7 Conservative estimate based OD review of TRM assumptions fiom olber Slates. 
231 Navipnt ConsuJdog, Ontario Energy' Board, "Measures and Assumptions for Demand Side Management (DSM) 
Planniq", April 2009. 
259 cak:ulatecl u follows: Assume 9% showen take place cluriq peak hours (based on: 
MR·flwwwJ'AR""'kmnlDrmmlw! 'emrM2JSAQQBE9ADP:HOI WATER yse.pdf) 
9%• 7.42 minutesperday(U.6•2.S6/1.6/2.S = 7.42) • 0.668mfnutes 
= 0.668 / 180 (minutes in peak period)= 0.00371 
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REFERENCE SECTION 

Calcnlatlon of Saviqs 

Energy Savlnp 
If electric domestic bot water beater: 

AkWH = ISR • (GPMbase- GPMlow) • kWhlGPMreduced 

Where: 
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ISR = In Service Rate or fraction of units that get installed 
Retrofit/Direct Install = 1.0 
Customer self install = 0.81240 

GPMbase =Gallons Per Minute of baseline showediead 
=2.87 241 

GPMlow =Gallons Per Minute of low flow sbowedlead 
=Actual 

kWb/GPMreduced =Assumed kWh savinp per GPM reduction 
= 149kWh per gallon reduceci242 

For example, a 2.0 GPM direct installation: 

AkWH = 1.0 • (2.87 - 2.0) • 149 

=130kWh 

Sammer Coincident Peak Demand Savlnp 
If electric domestic hot water beater: 

Where: 

AkW = AkWh/Homs • CF 

Homs =Average number of hours per year spent using shower bead 
= (Gal/person • #people • daysly) I SH/home I GPM 160 

gals/day =A~ gallons per day used for showering 
=11.6 

#people = Averaae number of people per household 
=2.46 241 

days/y =Days shower used per year 
=36S 

240 EOD _2009 _DSM_Amwal Report from table 27 survey of Install rates: OVeral1 awrages 81 %. There may be signifim>~ 
variations due to specifics of tbe program distn'bution, so smveyiq participallts is encouraged. 
241 The F.Dergy Policy Act of 1992 (EP Act) established the nmimmn flow rate for sbowedleads at 2.S gallons per minute 

r~ is based OD an Enbridge metering study (Enbri9 Qas Distribution Inc., April 2010; "Demand Side Managemart 
2009 DSM Draft Amwal Report", p7S) 1hat found 44u/ of natural gas savinp wbe.n nplaciDg all existing sbowerlleads 
(wida average 1low rate of 245 GPM) with 1.2SOPM sbowerbeads (Che Mplacement OPM and the number of showers per 
home (2.1) were detennined during personal conversations with study authors). 1bis equates to 0.66MMBtu of savings per 
sbowedlead per IOPM reduclioo. Tbis is converted to kWh by multiplyina by tbe recovery efllciency of a gas beater (0. 1S 
based on review of AHRI Directory) over tbe iecovay efliciency of an electric beater (0.98 from: 
lf!:llw'frw.abriod.911/ARI/utWsbowdoc·llRl7doc=SZ§) and multiplytag by 293 (kWh/MMBtu). 

Most commonly quoted value of gallons of water used per person per day (includiug in U.S. Environmeotal Protection 
~·s "water sense" documents; bgp;ttwww,papy"""'"'rl4gqllagmc M!l!!!t'9',pd0 

us Energy Information Administration, Residential Energy Consumption SUrvey, East North Cealral Census Division; 
hUp:/fwww,cja,dgc,p/cwglgglng2QM/hc20M ~-ll,3.nclf 
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CF 

Showers/home = Aveal8e number of showers in the home 
= 2.1 24S 

= {11.6 • 2.46 • 36S) / 2.l / 2.87 160 
=29bours 
= Summer Peak Coincidence Factor for measure 
= 0.00371 244 

For example, a 2.0 GPM direct instaUation: 

likW = 130 / 29 • 0.00371 

=0.017kW 

Fossil Fuel Impact DescrlpUons and Calcalatlon 
If mssil fuel domestic hot water heater. 
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= ISR • (GPMbase - GPMlow) • MMBtu/GPMreduced 

Where: 
MMBtu/GPMreduced = Assmned MMBtu savings per GPM reduction 

= 0.66 MMBtu per gallon reduced m 

For example, a 2.0 GPM direct installation: 

= 1.0. (2.87 - 2.0). 0.66 

=0.6MMBtu 

Water l.mpad Descriptions and Calc:ulatlon 

Water Savings = ISR • (((GPMbase- GPMlow) I GPMbase) •#people • gals/day • 
days/year)) I SH/home 

For example, a 2.0 GPM direct installation: 

Water Savings = l .O• ((((2.87 - 2.0) / 2.87) • 2.46 • 11.6 * 36S)) / 2.1 

= l,S04 gallons 

Deemed O&M Cost Adjustment Calculatlon 
When a retrofit measure, there would be a very small O&M benefit associated with the defeaal of the next 
replacement. but this bas conservatively not been characterized. 

20 PersoDal c:ommuoication with authors ofEobridge Gas Distribution Inc., April 2010; "DemaDcl Side Management 2009 
DSM Draft Anaual Report" 
• Calculated as follows: Assume 9IJ6 showers tab place cluriDg peak hours (based on: 
btlp11wpwHJllCllft gnptpggrpkwl Bmc!tw'DJMOOREGAJ"EQ:HOT WATER. YSRpdO 
9% • 7.42 minutesperday(ll.6 • 2.S6/ l.6/2.S = 7.42)=0.668 mimltes 
= 0.6681180 (minutes in peak period) ... 0.00371 
w 'Ibis is based OD aa Enbridge metering SIUdy (Enbridge Ou Distribation Inc., April 2010; "Demand Side Managemmt 
2009 DSM Draft Annual Report", p75} that found 44rr/ of .natural gas savinp when replacing all existiq sbowerbeads 
(with average tlow nte of2.4S OPM) with 1.2SOPM sbowabeads (the replacement GPM and the number of showers per 
home (2.1) wae determined during perso.na1 CODWl'88tions with slUdy authors). 1bis equaies to 0.66MMBtu of saviDp per 
sbowedaead per lOPM reduction. 
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Domestic Hot Water Pipe Insulation (Retrofit) 

Description 
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This measure deKnbes adding insulation to un-insuJated domestic hot water pipes. The measure assmnes 1be 
pipe wrap is installed to the first length of both the hot and cold pipe up to the first elbow. 

Delnltlon of Eflldent Equipment 
To efficiency case is ios1alling pipe wrap insulation to a length of hot water carrying copper pipe. 

Delnltton of Baselllle Equipment 
The baseline is an \al-insulated hot water canying copper pipe. 

Deemed Calculatton for this Measure 

Annual kWh savings (electric DHW systems) = ((1 - 1/Rnew) • (L • C) • 170.2 

Summer Coincident Peak Savings (electric DHW systems) = &Wh/8760 

Annual MMBm savings (fossil fuel DHW systems) = ((1 - l/Rnew) • (L • C) • 0.569 

Deemed Lifetime of Eflldent Equipment 
The measure life is assumed to be IS years 241• 

Deemed Measare Cost 
The measure cost iocludiDg material and installation is assumed to be $3 per linear foot249. 

Deemed O&M Cost Adjustments 
o/a 

Coincidence Factor 
This measure assumes a flat loadshapc and as such the coincidence factor is 1. 

REFERENCE SECDON 

Calculatton of Savings 

EDeJ'IY Savlnp 
For electric DHW systems: 

Where: 

AkWh =((l/R.exist-1/Rnew) • (L • C) • A.T • 8,760)/l)DHW /3413 

Rexist =~heat loss coefficient of uoinsulated pipe (existing) (Btulbr-°F-ft) 
= 1.ifSG ' 

Rnew =Pipe heat loss coefficient of insulated pipe (new) (Btulbr-°F-ft) 

241 Measure Lite Report, Residential 8lld Commen:i.alllnduslriaJ Ligbdog and HV AC Measures, ODS Associates, June 2007. 
~:/lwww£b!l=!!"ruqlfjlp!MmsrcWOWe%20RgortN0200'7,pcU 

Coasistent with DB.Bil 2008 Database Technology and Measure Cost Data <www.de!mgurces.£91D). 
2'D Navipnt Consulting Ioc., April 2009; "Measures and Assumptiom for Demand Side Management (DSM) Planning; 
Appendix C Substantiation Sbeets", p77. 
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L 

c 

AT 

8,760 
l)l>HW 

3413 

=Actual 
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=Length of pipe from water heating somce covered by pipe wrap (ft) 
=actual 
=Circumference of pipe (ft) (Diameter (in)• x • 0.083) 
= actual (OS' pipe= 0.13ft. 0. 75" pipe= 0.196ft) 
=Average temperature difference between supplied water aod outside air 
t~(°F') 
=65op2Sl 

=Hours per year 
= Reco~ efficiency of electric hot water heater 
=0.982S2 
=Conversion ftom Btu to kWh 

For example, insulating 5 feet of0.75" pipe with R-4 wrap: 

AkWh = ((l/Rexist-1/Rnew) • (L • C) •AT• 8,760)/l)l>HW / 3413 

= ((1/1-115). (5. 0.196). 65. 8760) /0.9813413 

= 133kWh 

Summfr Coloddeat Peak Demand Savings 
AkW = AkWh/8760 

Where: 
AkWh =kWh savings ftom pipe wnp installation 
8760 =Number of hours in a year (since savings are assmned to be constant over year). 

For example, insulating 5 feet of 0.75" pipe with R-4 wrap: 

AkW = 13318760 

=O.OlSkW 

FossD Fuel Impact DescrlpUoos and Cakolatloa 
For fossil fuel DHW systems: 

AMMBtu 

Where: 
rtDHW 

= ((1/Rexist-1/Rnew) • (L • C) •AT• 8,760)/rtDHW /1,000,000 

= Reco~ efficiency of gas hot water heater 
= 0.75 253 

For example, insulating 5feetof0.75" pipe with R-4 wrap: 

= ((1/1- 1/5) • (5 • 0.196) • 65 • 8760) I 0.15 / l,000,000 

=0.60.MMBtu 

251 Assumes 130°F water leaving tbe hot water tank and average temperature of basement of 6.5°P. 
m Electri.c water heater bave recoveiy ef6cieocy of98%: b"P:l/www.!lbrinet·og/AlU/util/abodoc.8!DX?doc=S76 
m Review of AHRI Direc:tmy suggests range of recovery eflicimcy ratings for new CJas DHW units of 70-87%.. Average of 
existing units is estimated at 7.5% 
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Water Impact Descriptions ud Cakulatlon 
n/a 

Deemed O&M Cost Adjustment Calcolatlon 
n/a 

2010 Ohio Technical Reference Manual - August 6, 2010 
Vermont Ener&Y Investment COrporation 

KyPSC Case No. :2014-00280 
STAFF-DR-01-0:28 Attachment 

Page 99 of 397 

99 



Wall Insulation {Retrofit) 

Description 
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This measure characterization is for 1he installation of new additional insulation in 1he walls of a residealial 
building. The measure assumes that an auditor, contractor or Ulility staff member is on location. and will 
measure and record 1he existing and new insulation depth and type (to calculate R-values), the surface area of 
insulation added, and the efficiency of the heating system used in the home. 

Deftnltlon of Eftlclent Equipment 
The new insulation should meet any qualification criteria required for participation in the program. The new 
insulation R-value should include the total wall assembly and include any existing insuJation that is left in situ. 

Definition of BaseUne Equipment 
The existing insulation R-value should include the total wall assembly. An R-value of S should be assumed for 
the wall assembly plus the R-value of any existing insulation254

• 

Deemed Calculation for tbls Measure 

Air conditioning Savings 
Ammal kWh Savings = ((l/R.exist- 1/Rnew) • CDH • 0.75 •Area)/ 1000I1JC.ool 

Summer Coincident Peak kW Savings = &Wh I FLHcool • O.S 

Space Heating Savings: 
Ammal MMBTIJ Savings (fossil fuel heating) 

= ((l/R.exist - 1/Rnew) • HDD • 24 •Area) / l,000,000 I Ttffeat 

Ammal kWh Savings (electric heating) 
=(((1/Rexist-1/Rnew) • HDD • 24•Area)/1,000,000 /11Heat) • 293.1 

Deemed Lifetime or Eftlclent Equipment 
The measure life is assumed to be 25 years 255• 

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

Deemed O&M Cost Adjustments 
Dia 

CoJnddence Fador 
The SUDUDer peak coincidence factor for this measure is assumed to be 0.5256

• 

254 Tbe R-S assumption for wall assembly is based OD J.Neymart & Associates and National Renewable Energy Laboratory, 
June 2009; "BESTEST-BX IDlerim Test Procedure" p2S. 
256 Measure Life Report, Resjdential and Commercia1/lndustrial Ugbtiq and HV AC Measures. GDS Associates, June 
2007. bllp:!l!rww.ctamsMIY.og/file!/MeasureNOLifeNORagm202007.l!df 
256 Based on Bneqy Center ofW"uconsin, May 2008 metaiDg study; "Central Air Coadilioniog in W°JSCODSin, A 
compilation of Recent Field Research", p32 
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Calculation of Savlnp 

Enero Savings 
AkWh 

Whae: 
Rexist 

Rnew 

CDH 

DUA 

T)Cool 

REFERENCE SECTION 
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= ((1/Rexist- l/Rnew) • CDH •DUA• Area)/ 1000 / qCool 

=existing effective whoJ.e..assembly thermal resistance value or R-value257 
=actual recorded 
=new total effective wholwssembly thermal resistance value or R-vafue2SB 
= actual recorded 
= Cooling Degree Hours25'. 

on location: 

= DiscretiOD81Y Use Adjustment to account for the fact that people do not always 
operate their air conditioning system wbm the outside temperature is greater than 
75°F 
= 0.75 2Alll 

= Square footage of insulated area 
= actual recorded 
=Efficiency of Air Conditioning equipment 
= actual recorded 

For example, insulating 300 square feet of wall area fu>m R-5 to R-20, in a Cincinnati home with AC SEER 10: 

AkWh = ((l/Rexist- l/Rnew) • CDH •DUA• Area)/ 1000 I qCool 

= ((1/5-1/20). 7711. 0.75. 300) / 1000/ 10 

=26kWh 

Sammer Coincident Pt'Bk 0.ID8Dd Savlqs 

AkW = AkWh I FLHcool *CF 

Where: 
FLHcool =Full load coolins hours 

Dependent on location as below: 

D 7 If11ninsuJamcl assembly assume R-.5. 
2'I Iaclude Ille ll-value for any exUtiD8 insulation remainins 
m Derived by "'l!DPling the delta betwem tbe average outdoor temperature and Che base set poilll of 7.5 degrees (above 
wbich cooUog is assumed to be used) each hour oftbe year. H9urly temperature data obtained fiom TMY3 data 
~:IJmds.mctp!ag!ar{) 

Basect on P.oergy Centa- ofWisconsio, May 2008 metering study; "Central Air Coaditiooiog in W'tsCoDSio, A 
Compilation of Recent Field Research", p31 
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CF 

-·· - Eotattoo - Run-Bo~ ~ •. I k 

Akron 476 
Cincimlati 664 
Cleveland 426 
Columbus SS2 

Davton 631 
Mansfield 474 

Toledo 433 
y WD 369 

= Summer Peak Coincidence Factor for measure 
=o.sia 
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For example, insulating 300 square feet of an attic floor from R-5 to R-20, in a Cincinnati home with AC SEER 
10: 

L\k:W = L\k:Wh I Fl.Hcool •cF 

= 26 / 747 • o.s 

=0.017kW 

Space Beating Savings Calculattoo 

= ((IIR.exist- l/Rnew) • IIDD • 24 •Area)/ l,000,000/11Heat 

Where: 

' 
HDD -- . 

~-Days (60° base t • for location 
I.Mttoo • 1 lleatlq J)9.ee Da ~ , "'i"" JI 

•! (60~ base ... - ·.-_:· .. - " Aboo 4,848 
Cincimlati 3,853 
Cleveland 4,626 
Columbus 4,100 

Dayton 4,430 
Toledo 4,482 

Y01mamwn 4,887 

qHeat = Average Net Heating System Efficiency (Equipment Efficiency • Distribution 
Efficiency) 2114 

261 Based OD Full Load Hour assumptions taken from the BNEROY STAR cak:ulator 
OaUp:Jlwww cpamtH goy/ieJ1zmjme"NJk !!!!SWqrlbpyyjpp sale/P's C,AC W ) and seduced by 33% due to 
assumption that the average air conditioning is oversiz.ed by 50% (Nane, Proctor, Nadal. 1999; ''National Energy Savings 
Potential From Addressing Residential HV AC Installation Problems"). Note tills approach results ia fbU load bour estimates 
wHbia I 096 of measured estimates from tbe P.nergy Ceoler of W'ISCOasin, May 2008 study; "Central Air Coaditioaing ia 
Wiscoasill. A Compilation of.Recent Field Research. .. 
21112 Based OD BDergy center ofW'lSCODSia, May 2008 metering study; "Celllral Air Coaditioaiag ia WISCODSia, A 
C~OD of Recent Field Research", p32 
m 1be 10 year avenge amma1 beating degree day value. using a balaace point for beating equipment use of 60 degr9el was 
c:a1culated for each location based OD data oblaiaed from bgp://wg.epgudaytpp.!!lplettlpi. The 60 degree balaace 
~t is used based on a PRISM evaluation of approximately 600,000 Ohio resideatial single fiuDily customtn. 

1be System Bf!iciency caa be obtained either by recordiag the APVB of tbe unit, or pedorming a steady state efficiency 
test 1be Distributioa Eflicieucy can be estimated via a visual iaspection aad by refaring to a look up table sucb as tbat 
providecl by tbe Buildiag Pa1blmaac:e lastitute: <http1/wwwJ!pi.~fffltjma1)hle-BJue5beet.pdf) 
or by performiq duct blaster testing. 
If there are more tban one heating systems, tbe wei8bted (by coaswnptioa) averap efllcieacy sbould be used. 
If tbe 11.eatiag system or distn"butioa is being upgraded witbia a packaae of measures together with the iasulation upgrade, 
tbe new average beating system efficiency abould be used. 
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Note for homes witb electric hl'at (resistance or beat pomp). follow the MMBTU formula above and 
convert to kWh by maltlplyfng by 293.1. For beat pamps the equipment emdeney used In tbe above 
aJaorltlun should be tbe Coemdent or Performance or COP (i.e.. dlYlcle HSPF by 3.412; e.g., HSPF 7 .7 ls 
COP of 2.26). 

For example, Uisulating 300 squue feet of an attic ftoor fiom R·S to R·20, in a Cincimlati home with heating 
system efficiency of 700At: 

= ((1/Rexist- l/Rnew) • HDD • 24 • Area) / l,000,000 I T1Heat 

= ({1/S - 1120) • 3.992 • 24 * 300) / 1,000,000 I 0.1 

=6.2MMBtu 

Water Impact Desc:rlpttons and Calcalatton 
n/a 

Deemed O&M Cost Adjastment Calculation 
n/a 
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Air Sealing - Reduce Infiltration {Retrofit) 

Description 
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This measure characterization is for the improvement of a building's air-burier, which together with its 
insulation defines the thermal bouodmy of the conditioned space. Air-leakage in buildings represents from S% 
to 40% of the space conctitiooiq costs265 but is also very difficult to conlrol. The measure assumes that a 
trained auditor, contractor or utility slaff member is on location, and will measure and record the existing air­
leakage rate246 and post air-sealing leakage using a blower door, and the efficiency of the heating and cooling 
system used in the home. 

Detlnltlon of Emctent Equipment 
Air sealing materials and diagnostic testing should meet all eligi'bility program qualification criteria. The initial 
and final tested leakage rates should be pe!'formed in such a manner that the identified reductions can be 
properly discemed, particularly in situations wherein multiple building envelope measures may be implemented 
simultaneously. 

Detlnltton of BaseUDe Equipment 
The existing air leakage should be determined through approved and appropriate test methods. The baseline 
condition of a building upon first inspection significantly impacts the opportunity for cost-effective energy 
savings through air-sealing. 

Deemed Calculation for tbls Measore 

Annual Cooling kWh Savings = (((CFMSOExist- CFMSONew) / 29.4) *60 * CDH * 0.013S) I 
1000 / qCool 

Summer Coincident Peak kW Savings = .1k:Wh I FLHcool • O.S 

Space Heating Savings: 
MMBTIJ Savings (fossil fuel heating) 

= (((CFMSOExist - CFMSONew) IN-factor} *60 * 24 * HDD * 
0.018) / l,000,000/11fieat 

kWh Savinp (electric heating) = ((((CFMSOExist- CFM.SONew) IN-factor) *60 • 24 • HDD • 
0.018) / l,000,000/11fieat) • 293.1 

Deemed Ufettme of Emdent Equipment 
The measure life is assumed to be lS yea.r.l61. 

Deemed Measure Cost 
The actual air sealing measure cost should be used. 

Deemed 08cM Cost Adjustments 
Dia 

265 Kriger,1. Darsi, c. "Residential F.n4qy" 2004, p.73 
• 1n ac:cordance with industry best pnclices see: BPI Building ADalyst and Fllvelope Professional standards, 
IP!:IJwww,bJi opt ....... GllPD'4WI 

Measure Life Report, Residential and COmmlrciaJ/lndw I.jghting and HV AC Measures, ODS Associates, .June 2007. 
hgp:11www £'MY"m"BY pqlfi!WMreell!i!t?WfS'fe198PP"N02001,IJdf 
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Colnddence Factor 
The summer peak coincidence factor for this measure is assumed to be 0.5268• 

REFERENCE SECTION 

Calcaladon of Savlnp 

Energy Savlnp (Spatt Coolln1- If bome bu Central AC) 

Where: 

AkWh = (((CFMSOExist-~ONew) IN-factor) *60 • CDH •DUA• 0.018) / 1000 I 
11Cool 

cacoExist 

~New 

N-Factor 

60 
CDH 

DUA 

0.018 
11Cool 

D 
. 

-

= Existing Cubic Feet pcr Minute at SO Pascal pressure differential as 
measured by the blower door before airsealing. 
= actual recorded 
=New Cubic Feet per Minute at SO Pascal pressure differmtial as measured 
by the blower door after airsealiDg. 
= actual recorded 
=Conversion factor to convert SO-pascal air ftows to oatmal airflow. 
=29.429 

= Constant to convert cubic feet per minute to cubic feet per hour 
= Cooling Degree Hours2'1°. 

on location: 
Litatton - Coolllll·~·Boais 1 

~~ - f1S~ set oOmt) _ l 

Akron 3,986 
Cincinnati 7,711 
Cleveland 5,817 
Columbus 4,367 

Dayton 5.934 
Toledo 4,401 

Younatown 3,689 

= Discretionmy Use Adjustment to 8CCOUDt for the fact that people do not 
always operate their air conditioning system when the outside tempeiature 
is greatc=r' than 7S°F 
=0.1S 271 

= The volumetric heat capacity of air {Btu/ft3 "F) 
=Efficiency of Air Conditioning equipment 
= actual recorded 

For example, reducing air leakage in a Toledo home from SOOOCFMSO to 3SOOCFMSO, with SEER 10 AC: 

AkWb = (((SOOO - 3SOO) / 29.4) • 60 • 4401 • 0.1S • 0.018) / l,000 / 10 

- Based OD Energy center of W"ISCOllSio, May 2008 metering study; "Ceotral Air Conditioning in WiscoDsin. A 
gmipilalion ofR.eceat Field Research", p32 
•Maximum n-factor liom melhodology developed by tbe Lawrence Bakeley Laboratory (LBL), since minimal stack 
efl'ect for cooling savings. 
zio Derived by supmring lbe delta between lbe average outdoor lempd'atUle 8lld lbe base set point of 75 degrees (above 
which cooliDg is assumed to be used) each hour of lbe year. Houdy temperature data obtained :fi:om TMY3 data 
~;//mdc prgl,spy!sqta/) 

Basecl on Energy ~ ofW"m:onsio, May 2008 metering study; "Central Air Conditioning in W"tseonsin, A 
Compilation of Recent Field Researcb", p31 
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= 18kWb 
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Sammer Coincident Peak Demand Savings 

Where: 

llk.W = &Wb I FLHcool • CF 

FLHcool 

CF 

= Full load cooling homs - . 
oa location as below: 

-Eacatton - "RliD1Boars .. •· ' 
Akron 476 

Cincinnati 664 
Cleveland 426 
Columbus 552 

Davtoo 631 
Mansfield 474 

Toledo 433 
y wn 369 

= Summer Peak Coincidence Factor for measure 
=0.5273 

For example, reducing air leakage in a Toledo home from SOOOCFMSO to 3500CFMSO, with SEER. 10 AC: 

llk.W = 18 / 428 • 0.5 

=0.021 kW 

Spatt Beado1 Savlop Calculation 

= (((CFM50E:xist- CFMSONew) I N-f8ctor) *60 • 24 • HDD • 0.018) / l,000,000 I 
qHeat 

Where: 
HDD Heatirur lleirree Davs ( 60° base 274 :'i for location 

·- I:.OCitttn - Beatln1~ Days f' 

.(609E base. . 
tore) - ~ ~ -

Akron 4,848 
Cincinnati 3,853 
Cleveland 4,626 
Columbus 4,100 

Davtoa 4,430 
Toledo 4.482 

Yoammnwn 4887 

:m Based OD Pull Load Hour assumptions taken &om the ENERGY STAR calculator 
lbttp•/Jwww.C!QCQDflt.1oyfusllp!!i'!cuJ!Ja.lk Jl'"1mintapseyjpp gle'Q's QC.lls) and reduced by 33% due to 
assumption that the average air conditioning is ovenizecl by '°" (Neme, Proc:tor, Nadal. 1999; "National Energy SaviDp 
Potential From Addressing Residenlial HV AC IosCalJation Problems"). Note this approach results in fUll load hour estimates 
within 10% of measured estimates from the Energy Center of Wisconsin, May 2008 study; "Central Air Condltionlq in 
WISCODSin, A Compilation of Recent Field Researc:b." 
m Based on P.nergy Center of WJSCODSin, May 2008 metering study; ''C.eolral Air Conditioning in Wisconsin, A 
C~tion of Recent Pield Researcb", p32 
m lbe 10 year average anaua1 heatin8 depee day value. uaiDg a balance point for heating equipment use of 60 desrees was 
calculated for each location based on data obtained from bt1p:l/www.cnp.udQtoaedWwpdler/. 1be 60 degree balance 
point is used based on a PRISM evaluation of approximately 600,000 Obio residential single family customers. 
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l')Heat =Average Net Heating System Efficiency (Equipment Efficiency• Distribution 
Efficiency) Z7S 

= actual recorded 

For example. reducing air leakage in a 2 story, well-shielded Toledo home fiom SOOOCFMSO to 3500CFM50, 
with a gas beating system with efficiency of 70%: 

AMMBTU = (((5000-3500) / 17.8). 60. 24. 4569. 0.018) 11.000,00010.1 

= 14.3MMBtu 

Note for homes with eledric heat (resistance or heat pomp), follow the MMBTU formula above and 
convert to kWh by maltlplylna by 293.1. For heat pumps the eqalpment etlldency used ID the above 
qorltbm should be the Coeflldeat Of Pe.rformantt or COP {i.e., cllvtde &SPF by 3.412; e.g., HSPF 7.7 ls 
COP or 2.26). 

For example, reducing air leakage in a 2-story, well-shielded Toledo home from SOOOCFM50 to 3SOOCFMSO, 
with electric n:sistaoce Matins: 

= ((((5000-3500) / 17.8) • 60 * 24 • 4569 • 0.018)/ l,000,000/ l.O) • 293.1 

=292SkWh 

Water Impact Descriptions and Calculation 
Dia 

Deemed O&M Cost Adjustment Cakolatioo 
Dia 

Version Date & Revision History 
Draft: i?Oit{Olio . 
Effective date: ~ HM:f;·willri'iiliMbeciClcotiilmefii"em;ctii· ~ 
End date: Date 'FRM will cease to be efl'ec""tiv_e_ or_;mm_. -.,..,.. 

v5 lbe System Efficiency can be obtained either by recontiDg the AFUB of the unit, or performing a steady state eflic:ieoc:y 
test. lbe Distribution Efticieacy can be estimated via a visual inspection 8lld by referring to a look up table sudl u that 
provided by the Bui1diag Perfomumce Institute: Oagp:lfwww bpLgnrlfilpr)dfZDjatributimfffitjgyit!dc:B!pdhccuzdf) 
or by performing duct blaster testing. 
If there is more than one heating system, the weighted (by consumption) average efficiency should be used 
If the heatiJlg system or distribution is being upgraded within a package of measures together with the insulation upsrade, 
the new average beating system efliciency should be used. 
ID the case of eleccric heat use 1.0 as the heating system efliciency, and for heat pumps use COP (HSPF/3.412). 
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Duct Sealing (Retrofit) 

Description 

name Eiid Use 
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This measure ~"bes evaluating the savings associated with performing duct sealing using mastic sealant or 
metal tape to the disttibulion system of homes with either central air conditioning or a ducted heating system. 

Two methodologies for esrimatiog the savings associate from sealing the ducts are provided. The first preferred 
method n:quires the use of a blower door and the second requires careful inspection of the duct work. 

1. Modllled Blower Door Sabtractton - this technique is clesaibed in detail on p44 of the Energy 
Conservatory Blower Door Manual; bUp://www.energysonsgvatory.com/download/bdmprmplpdf 

2. Evaluation of Distribution Emclency- this methodology rec(11iRs the evaluation of three duct 
characteristics below, and use of the Buildiq Performance Institutes 'Distn1>ution Efficiency Look-Up 
Table'; 
hgp;//www.bpi.om@es/JKlfJDislzutionEfficiencyiabk;-BlueSbeet pelf 

a. Percentage of duct work found within the conditioned space 
b. Duct leakage evaluation 
c. Duct insulation evaluation 

De8nltton of Eflldent Equipment 
The efficient condition is sealed duct work throughout the unconditioned space in the home. 

Delnltlon of BaseUne Equipment 
1he exislins baseline condition is leaky duct work within the unconditioned space in the home. 

Deemed Calrolatlon for this Measure 

Annual kWh savings =(((CFMSOwt.!eHame-~Oaly) * SCF~-
(CFMSO,..a--CFMS~Oaly) • SCF>.r) • 60 • CDH • 0.013S) 
/ 1000 I llC<>ol 

Or = ((DE..r- DF.w.J/ D~)) • FI..Hcool • BtuH • (l/SEER)/1000 

Summer Coincident Peak kW savings = ~Wb I FI..Hcool • O.S 

Annual MMBtu savings (fossil fuel) = {((CFMSOwt.ie 1bm - CFMSO&MiapeOa1y) * SCF>i..n­
(CFM50..a- - CFMS~0n1y) • SCF)aa.) • 60 • 24 • HDD • 
0.018) / l,000.,000 / t)lieat 

Annual MMBtu savings (electric)= ((((CFMSOwi.deltDIR-CFMS~Only) • SCF~ -
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(CFM50wi..Hoase-CFMS~Oaly) • SCf'hBn) * 60 * 24 * IIDD • 
0.018) I 1,000,000 I qHeat) • 293.l 

Annual MMBtu savinp (fossil fuel) 
Annual MMBtu savinp (electric) 

= ((D~-DF.wn)f DEaaa)) • 71.2 
=((DE.ii.- D&...J/ D~)) • FLHheat • BtuH • 
(lfCOP • 3.413)/1000 

Deemed lifetime of Eftldent Equipment 
The assumed lifetime of this measure is 20 years276

• 

Deemed Measure Cost 
The actual duct sealing measure cost should be used. 

Deemed O&M Cost Adjustments 
Dia 

Cotnddence Factor 
The S1DDDlerpeak coincidence factor for this measure is assumed to be o.sm. 

REFERENCE SECTION 

Calcalattoa of Saviqs 

Eaeqy Savlllp 

Methodology 1: Modlfl«I Blower Door Subtraction 

Determine Duct Leakage mte before and after performing duct sealing: 

Duct Leakage (CFMSOm.) = (CFM5~11ame- CFMS<>EawJape0a1y) * SCF 

SCF 

Calculate Energy Savings: 

= Standard Blower Door test result finding Cubic Feet per Minute at SO 
Pascal pressure differential 

= Blower Door test result finding Cubic Feet per Minute at SO Pascal 
pressure differential with all supply and return registers sealed. 

= Subtraction Correction Factor to account for underestimation of duct 
leakage due to connections between the duct system and the home. 
Determined by measuring pressure in duct system with registers sealed and 
using look up table provided by Energy Conservatory. 

= ((CFM50oL.._-CFMSOm.1111:r) • 60 • CDH •DUA• 0.018) I 1000/11Cool 

2711 Measure Life Report, Residential and c.ommesciaJ/IndusCrial Ligbtiq and HV AC Measures, ans Associates. June 2007. 
lllf'!ilwww £'PYWP'mug/filplMegurcSOUMf:?!IR'R?'1'fW007.pdf 

'.Based OD EaelRY Center of Wisconsin, May 2008 metering study; "Caltra1 Air Conditioning iD WlSCOJISin, A 
Compilation of Recent Field Researc:bn, p32 
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Where: 
CFMS0oLtdft = Duct Leakage nte before duct sealing 

= calculated as above 
CFMSOoi• =Duct Leakage nte after duct sealing 

= calculated as above 

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

Page 110 of 397 

60 = Constant to convert cubic feet per minute to cubic feet per hour 
CDH =Cooling Degree Homs218

• 

Dependent on location: 

1..oe1uon1 , €0o-»earee Roan 
(1$"11 set mintl 

Akron 3.986 
Cincinoati 7.711 
Cleveland S.817 
Columbus 4.367 

Davton S.934 
Toledo 4.401 

y, 3.689 
DUA =Discretionary Use Adjustment to account for the fact 1bat people do not 

always operate their air conditioning system when the outside temperature 
is greater dum 7S°F 
=0.75 2111 

0.018 =The volumettic heat capacity of air (Btu/ft3°F) 
qCool = Efficiency of Air Conditiouiog equipment 

=Actual 

For example, duct sealing in a house in Akron with SEER 11 central air cooditiouiog and the following blower 
door test results: 

Before: CFMS<>wwea- = 4800 CFMSO 
CFMSOr.awiapeOaly = 4SOOCFMSO 
House to duct pressure of 45 Pascals. = 1.29 SCF (Energy Conservatory look up table) 

After: CFMS~Bame = 4700 CFMSO 
CFM50r.awiapeOa1y= 4SOOCFMSO 
House to duct pressure of 43 Pascals = 1.39 SCF (Energy Conservatory look up table) 

Duct Leakage: 
CFM50oL11111n =(4800-4500) * 1.29 

=387CFM 

CfM50oL6r = (4700 - 4500) * 1.39 
=278CFM 

Energy Savings: 
'1kWh = ((387-278) • 60 • 3986 • o.1s• 0.018) 11000111 

=32kWb 

m DerMd by summins the delta between the average outdoor temperature and the base set point of 7S depees (above 
wbicb cooUas is assumed to be used) each hour of the year. Houdy temperatme data obtaiDed ftom TMY3 data 
91!;/lprds m;(,sgy/eplerl) 

Based on Boergy Cader ofWisoonsin, May 2008 metering study; "Ceotral Air conditioning iD W'ISCODllin, A 
Compilation of Recent Field RA:seardl", p3 l 
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Methodology 1: E110luallon of Distribution Ej/lclency 
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Determine Distnl>ution Efficiency by evaluating duct system before and after duct sealing using Building 
Performance Institute "Distn'bution Efficiency Look-Up Table" 

Where: 
DE.as 

D~ 

FLHcool 

BtuH 

SEER 

=((DE.its- DF.t.J/ DE.air))* FLHcool * BtuH * (l/SEER)/1000 

=Distribution Efficiency after duct sealing 

= Distn'bulion Efficiency before duct sealing 

=Full load cooling hours - • t on location as below: 
; - Jr.iii:iiUOD ·'Ru'Bonn-

Akron 476 
Cincimaati 664 
Cleveland 426 
Columbus 552 

Dayton 631 
Mansfield 474 

Toledo 433 
y, iWJl 369 

= Size of equipment in Btuh (note 1 ton= 12,000Btuh) 
=Actual 
= SEER Efficiency of AC unit 
=Actual 

For example, duct sea.ling in a house in Akron, with 3-ton SEER 11 central air conditioning and the followins 
duct evaluation results: 

DE.es =0.92 

D&.., =0.85 

Energy Savings: 
L\kWh = ((0.92 - 0.85)/0.92) • 476 • 36000 • (1/11)) / 1000 

= 118.5kWb 

Sammer Colnddent Peak Demand Savings 
L\kW = L\kWh I FLHcool • CF 

Where: 
FLHcool =Full load cooling hours 

Dependent on location as below: 

llO Based OD Pull Load Hour aaumptions taken from tbe ENERGY STAR calculator 
lh!!p:/l!yww.MByStar.19v/i&lbus!gesslbu pmrlua!Mrlhppyipp calslcalc CAC.118) and reduced by 33% due to 
assumption that tbe average air conditioning is oversized by 50% (Neme. Proctor, Nadal, 1999; "Natioaal P.oergy SaviDg9 
PoteDlial From Addressing Residential HV AC Installation Problems"). Note this approach results in full load hour estimates 
within 10% of memnd estimates from tbe Energy Center of WJSCODSin, May 2008 SCUdy; "'Celltral Air Coadilioniog in 
Wasccmsin, A Compilation of Recaat Field Research." 
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CF 

,. -~ l..ocatlon - ·- ~llliin .Bo...r.-1 

Akron 476 
Ciocimlati 664 
Cleveland 426 
Columbus .S.S2 

Davton 631 
Mansfield 474 

Toledo 433 
y WD 369 

= Summer Peak Coincidence Factor for measure 
=o . .sm 
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Space. Heating Savlap CakulaUoo 

Methodology 1: Modlfll!d BlmPn Door Subtraction 

Where: 

CFMSOm.1111r 

HDD 

- ·-

l)lieat 

= ((CFMS0m.bdlft - CF'MSOm.11r:r)* 60 • 24 * HDD • 0.018) / l,000,000 I T1Heat 

"" 

= Duct Leakage rate before duct sealing 
= calculated as above 
= Duct Leakage rate after duct sealing 
= calcuJated as above 

Heatioa "--Days (60° base ture) for loc:atio 
~uo.- -Bi •• D.99e Da19 

(60!'Fbue •' - -
Akron 4,848 

Cincinnati 3,8.S3 
Cleveland 4,626 
Columbus 4,100 

Davton 4,430 
Toledo 4,482 

Younatown 4,887 

=Average Net Heating System Efficiency (Equipment Efficiency • 
Distribution Efficiency) 214 

= actual recorded 

211 Based on Full Load Hour aasumptioDS taken from tbe ENERGY STAR. calculator 
om:1r1twww cgcqymr,aox'iwlmi'm'b"'k IJBSbeeinrJhnMvine 9'k/9k CAcw> and reduced by 33% due to 
assumption that tbe average air ccmditicmiq is oversiz.ed by SO% (Neme, Proctor, Nadal, 1999; ''National Energy SaviDp 
Potmtial Prom A.ddressiog Resideatia' HV AC Installation Problems"). Note tbis approach nsulls in full load hour estimates 
wid1in I 0% of measured estimates from tbe Energy Center of WISCODSio, May 2008 study; "Ceollal Air Conditioning in 
W1SCOJISio, A Compilation of Recent Field Raearcb." 
212 Based on Energy Center of Wisconsin, May 2008 metering study; "Cenlral Air Conditioning in Wasccmsiu, A 
C9Jlll)ilation of Recent Field Research", p32 
m 1be 10 year avenge ammal heatiq depee day w1ue, uaiq a balaDce point for beating equipment use of 60 depees was 
cak:ulated for each location based OD data obtained from btlp;//Www,spar.1*ytop.edplweadw/. 1be 60 depee balance 
=int is med based OD a PRISM evaluation of approximately 600,000 Ohio residential single filmily customers. 

1be System Bflicieucy can be obtained eitbe:r by recorctma tbe APUE of tbe unit, or performing a steady s1ate efficiency 
test. 1be Distribution E:Oiciem:y can be estimated via a visual inspection and by madng to a look up table such as tbat 
provided by tbe Building Perfmmance lnslitute: Odtp;/lprww.bpiOJl{fileslpdflDistrffiWm(J'!ble-BlueSbeet.pclfl 
or by pelfonoiug duct blaster testing. 
If tbele are more tban one heating systems, tbe weigbted (by comumption) avemge elliciency should be used. 
If tbe heating system or distribution is beiq upgraded within a package of measures together with Ille insulation upgrade, 
die new average heatiq system efliclency should be used. 
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Note for homes wltb electric beat (resistance or beat pump), follow tbe MMBTU formula above aad 
convert to kWla by maltlplylaa by 293.1. For heat pamps the eqalplDfDt eftkleacy used Ill the above 
algorittua should be tile coemdeat Of Performance or COP (Le. divide HSPF by 3.412, e.a. BSPF 7.7 ls 
COP of 2.16). 

For example, duct sealiog in a house in Akron with a 80% AFUE natural gas furnace and the following blower 
door test results: 

Before: CFMSOwi..111me = 4800 CFMSO 
CFMS~0aty=4~0 
House to duct pressure of 45 Pascals = l .29 SCF (Energy Conservatory look up table) 

After: CFMSOwJ..111me = 4700 CFMSO 
CFMS~0aay= 4SOOCFMSO 
House to duct pressure of 43 Pascals= 1.39 SCF (Energy Conservatory look up lable) 

Duct Leakage: 
CFMSOm. Ida = ( 4800 - 4500) • 1.29 

=387CFM 

CFMSOm.*' =(4700-4500) • t.39 
=278CFM 

Energy Savinp: 
AMMBTU = ((387 - 278) • 60 • 24 • 4848 • 0.018) / t,000,000 I 0.80 

=17.1 MMBtu 

Metllodology 2: Evalllallon of Dlstrl/Jutlon EJlldency 

Where: 

AMMBTUfossil fuel =((DE.as - D&...J/ DEaea)) • MMBTU11at 

DEaea 

DE'.t.an 

MMBTU11mt 

= Distribution Efficiency after duct sealing 

= Distn"bution Efficiency before duct sealing 

=Healing eneigy consumption 

= 71.2 MMBtu285 

For example, duct sealing in a fossil fuel heated house in Akron with the following duct evaluation results: 

DEaea =0.92 

D&.tn =0.8S 

Energy Savings: 
AMMBTU = ((0.92 - 0.85)10.92) • 71.2 

=S.42MMBtu 

m Assumption based OD mriew of Obio SCllte 8\'el8F home heating ou1put (based OD ps utility data) 
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AMMB TU electric = {(DE.t..--D~ D~)) • FUiheat • BtuH • {l/COP • 3.413)/1000 

Where: 
FUiheat =Full load beating hours . 

on location as below: 
£ocatl0n - . 

~ llDa=.. ..... 
Akron 1576 

Cincionati 1394 
Cleveland 1567 
Columbus 1272 

Davtoo 1438 
Mansfield 1391 

Toledo 1628 
BtuH = Size of equipmmt in Btuh (note 1 ton= 12.000Btuh) 

=Actual 
COP =Coefficient of Perfarmaace of electric heatiog syst.emm 

For example, duct sealing in a beat pump (HSPF 6.8) heated house in Akron with the following duct evaluation 
results: 

DE.ns =0.92 

DEi..n =0.85 

Energy Savings: 
AkWh = ((0.92-0.85)/0.92). 1576. 36000. {l/6.8)/1000 

=635kWh 

Water Impact Descriptions aad Calculatloa 
n/a 

Deemed O&M Cost AdJastmeat Calculatloa 
n/a 

- Heatinl EFLH extracted fi:om simulations c:onducted for Duke Energy, OH Joint Utility TRM. October 2009; "Teclmical 
Refereuce Manual (TRM) for Ohio Senate Bill 22 lEoergy Etlic:iency and Conservation Program and 09-512-GE·UNC" 
.., Note tbat tbe HSPF of a heat pump is equal to tbe COP • 3.413. 
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ENERGY STAR Windows (Time of Sale) 

Descrlpdon 
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This measure describes die purchase of ENERGY STAR Windows meeting the mjnjmnm requirement for the 
North region288 (u factor$ 0.30), at natural time of replacemeDt or new construction. This does not relate to a 
window retrofit program. 

De11nltton of Emctent Equipment 
To qualify for this measure. the new window must meet ENER.GY STAR criteria for 1he North region (u factor 
$ 0.30). There is no minimum aiterion for Solar Heat Gain Coefficient (SHGC) for windows in the North 
region, so an assumed typical SHGC of 0.30 for a u..0.30 window is used (this is also the minimum aiteria for 
1he federal tax aedit). 

Deftnltton of Baseline Equipment 
The baseline window is assumed to be a standanl double pane window with vinyl sash, (u-0.49, SHGC0.58). 

Deemed Savlnp for tbls Measure 

Heating Savings 
(Electric 302 

Resistance 
Heating Savings 237 

eat 
Heating Saviqs o/a ossil Fue 
Cooling Savings 126 Central A 

uan feet of windows 
Average Snrmner 

Coincideat Peak kW 
Sa . unit 

n/a 

n/a 

n/a 

~.063 

Deemed Ufetlme of Eaklent Equipment 
The measure life is assumed to be 25 yeari11'. 

Deemed Meamre Cost 

Average Annual Fossil Fuel 
heating fuel savings 

unit 

n/a 

n/a 

1.84 

n/a 

The incremental cost for this measure is assumed to be $150 per 100 square feet of windows 290• 

Deemed O&M Cost Adjustments 
Dia 

ColDddence Factor 
The sqmmer peak coincidence factor for this measure is assumed to be 0.5211• 

- Enagy Siar Qualification Criteria; 

Average Annual 
Water savings per 

unit 

n/a 

o/a 

o/a 

n/a 

ht1pj//www.eppyst!!.goylialpm1nmlprocl deyeJopmept/ardaiyesldowploedslwiDdo dooplWincloW!PoonSkylipbW!2 

••"'"Wll''lfag02.pdf 
Measure Life Report, Reside:Dtial and C.OmmerciaJ/Indust I igbdng and HV AC Measures, GDS Associates, June 2007. 

·==~~2001 2'l Based OD Bnagy Center of WISCOllSiD, May 2008 metering study; "CenDa1 Air Conditioning in Wuconsin, A 
Compilation of Recent Field Research", p32 
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Cakalatloo of Savlop 

Enel'IY Savings 2112 

REFERENCE SECDON 
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Heating kWh Savings (Electric Resistance) = 302 kWh per 100 square feet window area 

Heating kWh Savings (Heat Pump COP 2.0)= 237 kWh per 100 square feet window area 

Cooling kWh Savings = o/oCoolKWHSav • (FUicool • BtuH • (I/S.EER))/1000 

Where: 

%C.oolKWHSav = Peicentage of cooling energy savings per 100 square feet of window 
=7%m 

FLHcool =Full load cooling b01US 
=ssf" 

BtuH 

SEER 

Cooling kWh Savings 

=Size of _eguipment in Btuh 
= 36,000'°" 
=Assumed SEER efficiency of central AC unit 
=11• 

= 0.07 • (552 • 36000. (1/11))/1000 

= 126kWhper100 square feet window area 

Summer Coloddeot Peak Demand Savlop 

Where: 

~Wcooling = o/oCoolKWSav • BtuH • (llEER.)/1000 •CF 

%CoolKWSav = PerceJJ.tage of cooling energy savings per 100 square feet of window 
=3.7%2P7 

EER =Assumed EER Efficiency of centtal AC UDit 
= 10.s• 

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

~WcooliDg = 0.037 • 36000 • (1/10.5)/1000. o.s 

32 saviDgs for this measure are based on 1lEMRate modeUna of a typical home in Columbus, Ohio climate with electric 
resistance or air source beat pump (COP 2.0), and asamrina SEER 11 air conditioning. 
2113 REMRate analysis indicated that inmllina Energy Siar windows in a home in Columbus OH would reduce cooling 
comumption by 7% per 100 square feet of window. 
:zM Based OD Full Load Hour assumptions for Columbus OH (used as proxy for the State) taken from the ENERGY STAR 
calculator Oabp;JJnw,grmtar,89y/!rAnlllincss&plt pgr,hyjg&ppyjpp gls/Ctlc CAC.xls) and Rduced by 33% due 
to assumption that the average air conditiCJaina is oversized by 50% (Neme, Proctor, Nadal. 1999; "National EDel'gy Savings 
Potential From Addressing Restdatial HV AC JastallatiOD Problems"). 
as Assumption of typical c:eaDal AC unit capacity. 
311 vmc estimate of aisdng unit efficiency, based OD mjnjmom fedaa1standardpriorto2006 of SEER 10, and SEER 13 
after2006. 
m RBMRate analysis indicated that imtaJHna Energy scar windows in a home in Columbus OH would .reduce cooliq 
~loads by 3.7% per 100 square feet of window. 
211 Converting 11 SEER to 10., EER using algorithm EER. =(SEER• 0.37) + 6.43 (based on Roberts and salcido, 
Architectural Energy Cmporatioa, Feb 2008; "Peak Electrie Demand Calculations in the REM/Rate Home F.Dqy Ralina 
Sot\wate and REM/Desip Home Energy Analysis Saf:lwaR"). 
1'P Based on Energy Center ofWiscomin, May 2008 meteriDg study; "Ceatral Air Coaditi0Din3 in W'ISCOJISin, A 
Compilation of Recent Field Research", p32 
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= 0.063 kW per 100 square feet of windows 

Fosso Fuel Impact Descriptions and Calcolatlon 
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Heating MMBtu Savinp (Fossil Fuel) = 2.17 MMBtu per 100 square feet window area 300 

Water Impact Descrlptlons and Calcalatlon 
o/a 

Deemed O&M Cost AdJastmt'ot CalcalaUon 
ola 

• S8Yiop for this memn lft based on REMRate modeling of a typical home in Columbus, Ohio climate with a 72% 
AFUE oatmal gas fUmace, and assuming SEER 11 air conditioning. 7296 AFUE is estimated based on In 2000, 40% of 
fumaces pun:based In Ohio were condensing (based on data from GAMA, provided to Department of .E'JlelJY' during the 
federal slaDdud setting process). A.smmring typical efficiencies tor a>Ddeasiog and non condensing filmace and duct losses, 
the average heating system efficieracy is estimated u follows: 
(0.4•0.92) + (0.6~.8). (1-0.15) ... 0.72 
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Residential Two Speed/ Variable Speed Pool Pumps (Time of Sale) 

·End Use 

Description 
This measure describes the purchase and inslallation of an efficient two-speed or variable speed residential pool 
pump motor in place of a standard siogle speed motor of equivalent horsepower. 

Delnlttoa of Ellkltat Equipment 
The high efficiency equipment is a two-speed or variable speed residential pool pump. 

Delnltton of Buellae Equipment 
The baseline efficiency equipment is assumed to be a single speed residential pool pump. 

Deemed Savlap ror this Mnmre 

Average .Ammal Average Swmner Average Anaual Fossil Fuel Average Annual 
KWH Savings per uoit Coincident Peak kW heating fuel savings Water savings per 

Savinas ner unit n..n,mnn Del' unit unit 
Two Sneed 440 1.13 n/a n/a 

Variable 1170 1.73 n/a n/a 
Sneed 

Deemed Lltedme of Emdent Equipment 
The estimated useful life for a variable speed pool pump is 10 years. 

Deemed Measure Cost 
The incremental cost is estimated to be Sl 7S for a two speed motor and $7SO for a variable speed motorc'1. 

Deemed O&M Cost Adjustments 
n/a 

Colnddence Factor 
The coillcidence factor for this measure is assmned to be 0.83302• 

Calcolatlon of Savlap 

Enel'IY Savings 303 

REFERENCE SECTION 

L\kWh = kWba. - kWhaiaar 

Where: 
= assumed annual kWh consumption for standard siugle speed pump motor in a cool 
climate (100 days*} 
= 1,380kWh 

301 Based on review ofLocJdleed Martin pump mail price data, July 2009. 
m Based on Efficiency Vermont's coiDcideoce filctor fbr pool pumps; in the ~ of empirical evaluation data, this was 
based on marbt feedback about the typical nm pattem for pool pumps showing that most people will nm pump duriq the 
day, and set timer to lurn pump off during the Digbt. 
JOJ P.oergy Consumption provided in: Consortimn for F.oagy EfBciency, .June 2009; "Pool Pump Exploration Memo" 
304 Assumes pool opemioD between Memorial Day and Labor Day. 
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=assumed annual kWh comumption for efficient pump motor in a cool climate (100 
days) 
kWbr.SpmS =940kWh 
kWbvableSpml = 210 kWh 

= 1380-940 
=440kWh 

= 1380-210 
=1170kWh 

Summer Colnddent Peak Demand SPlngs 

AkW 

kWl!lkild 

CF 

= (kWe.e - kWPJlldlll) • CF 

= Assnme.d connected load of standard sinsfe speed pump motor 
=2.3kW 
= Weighted average connected load of efficient pump motor 
kWTwa!pild = 0.94 kWh 
kWVlrilllleSpmd = 0.21 kWh 
= Summer Peak Coincidence Factor for measure 
=0.83-

= (2.3 - 0.94) • 0.83 
=1.13kW 

= (2.3 - 0.21). 0.83 
= 1.73kWb 

Fosso Fuel Impact Descriptions and Calculation 
n/a 

Water Impact Descriptions and Calculation 
n/a 

Deemed O&M Cost AdJasmaent Calcalatlon 
n/a 

JDS CODDeeted loads calc:ulatecl by dividing daily comumption by run hours. Data provided in: Consortimn for F.nergy 
Efficiency, June 2009; "Pool Pump Exploration Memo" 
• Based on Ef6cimcy Vermont's coincideDce factor fur pool pumps; in the absence of empirical evaluation data. this was 
based on market feedback about lbe typical nm pattean for pool pumps showUlg that most people will nm pump during the 
day, and set timer to tum pump off during the night 
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Residential Premium Efficiency Pool Pump Motor (Time of Sale) 

-name Eml Use 

Descrlpdoa 
This measure desaibes the purchase BDd installation of a residential l .mP premium efficiency single speed 
pool pump motor .in place of a standard single speed motor of equivalent horsepower. 

Delnltton of Ellkl•nt Equlpm•nt 
The high efficiency equipment is a residential 1.SHP premium efficiency s.insle speed pool pmnp motor. 

Detlnltton of Basellae Equlpm•nt 
The baseline efficiency equipment is a residential l.SHP standanl single speed motor pool pmnp motor. 

Deemed Savlnp for tbls Measure 

Premium 
Efficiency 

Motor 

Average Annual 
KWH Savinp per uuit 

409 

Average Summer 
Coincident Peak kW 

Sa . unit 

Deemed Llfettme ofEmdent Equipment 
The estimated useful lite for a pump is 1 o years. 

DHIDecl Mnsure Cost 
The incn:mental cost for this measure is assmned to be ssoJ07

• 

Dffmed O&M Cost Adjustments 
Dia 

Colnddenc• Factor 

Average Annual Fossil Fuel 
heating fuel savings 

unit 

The coincidence factor for tbis measure is assumed to be 0.83•. 

Calcolatlon of Savlnp 

EneflY Savlap 

Where-
HP 

REFERENCE SECTION 

=(HP• LFn- • 0.746) / l)PumJ>s. • Hrs/daYn- •Days/yr 
= (HP • LFm • 0. 746) I TtPmlll>m • Hrs/daym • Days/yr 

AkWh =kWba.-kWhar 

= Horsepower of motors 

Average Annual 
wau:r savillgs per 

unit 
Dia 

..,Fnnklin Energy Services; "FES- M4-HE SWimmiDg Pool Pumps- Residential" 
JOI Based on Efliciency Vermont's coiocideace fictor fOr pool pumps; in the absence of empirical evaluation data, this was 
based on marbt feedback about the typical nm pattern for pool pumps showing that most people will nm pump during Ille 
day, and set timer to CUm pump off during tbe Digbt. 
•All assumptioas fi'om First Paer&Y's Residential SwimaJiq Pool Pumps memo unless OCberwise stated. 
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LFa. 

LFar 

Days/yr 

= 1.5 
=Load factor of baseline motor 
=0.66 
=Load factor of efficient motor 
=0.65 
=Efficiency of premium efficiency motor 
=0.325 
= Efficiency of premium efficiency motor 
= 0.455 
=Assumed hours of pump operation per day 
=6310 

= Assnmcd number of days pool in use 
= 100 days311 

= (1..S • 0.66 • 0. 746) I 0.325 • 6 • 100 
= 1,363kWb 

= (1.5 • 0.65 • 0. 746) I 0.455 • 6 • 100 
=959kWh 

AkWh = 1363 - 9S9 
=404kWh 

Summ•r ColDddent Peak Demand Savtnp 

Where: 

kWa. 
kW er 

AkW 

=(HP. I.Fa.. 0.746) / l)Pump._ 
= (HP • I.Fm• 0. 746) / 'IPuml>er 

= (kWa. -kWar) *CF 
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CF = SUmmer Peak Coincidence Factor for measure 
=0.83112 

kWa. = (1.5 • 0.66 • 0. 746) I 0.325 
=2.27kW 

kWm = (1.5•o.65•0.746)/0.455 
=l.60kW 

AkW = (2.27 - 1.60) • 0.83 

=0.56kW 

Fossil Fuel Impact l>Ncrlptloas and CakulaUon 
ola 

JIO CollsoJtium for Energy~. Jane 2005>; "Pool Pump Explontioo Memo" 
Jll Assumes pool operatioo betwem Memorial Day and Labar Day. 
Ju Based OD Eflicimcy vamoat•s coiDcidmce &ctor for pool pumps; in tbe ebseoce of empirical evaluation data, dlis was 
baled OD marbt feedback about tbe tn>ical nm pattem for pool pumps sbowiDg Chat most people will nm pump during the 
day, aod ad timer to tum pmnp off cluring the Diabt. 
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Water Impact Descrlpdons and CalcalaUou 
o/a 

Deemed O&M Cost Adjustment CalcalaUon 
o/a 
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Water Heaters (Time of Sale) 

Description 
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This measure descnl>es the purchase and installation of an efficient water beater meeting or exceeding Energy 
Star criteria313 for the water heater category. 

DeJbdtton of Ellldent Equipment 
The minitm•m eftid Star ·on criteria314 are: 

En 
0.67 
0.80 

le house 0.82 

DeftDltlon of Basellne Equipment 
New 50 gallon conventional gas storage water heater rated at the federal minitm1m 0.58 EF. 

Deemed SaWip for tlds Measure 

Saviqs .AMMBtu = 180 • (llEFs- -1/EFm) 

Deemed LlleUme of Emdent Equipment 
The measme life is assumed to be 13 years315 

Deemed O&M Cost Adjustments 
There is no justification at this time for O&M cost adjustments. 

Colnddeace Factor 
Dia 

313 http://www.enagysCar.govfmdex.c:fm?c=water_heatpr_ait_water_heaters 
, 1, 1bougb tbe cunent standald is 0.62 As of Sept 1 2010 the ga storage specification will c:bange on 9/lflOlO, requiring a 
~ energy factor. The IDOle sCriDgeDt criteria will save a typical fimily nearly 15% over a standard moclel. 
, 1 For all water heaters, life expectancy will depend on local variables such as water chemistay and homeowner 
mai~, 1bere is c:urrently insuflic:ient data to detawiue tankless water heaters lifetimes. PreUmiDary dala show 
lifetimes up to 20 Je8l'll are pom"ble. 1bis value attempts to capture tbe weigbted average lifetime of dlis categmy fo 
~and is supported by the findinp http://www.aceee.org/ccmsumerguide/WH_LCC_U07.pdf 
, We scarted with tbe EPA EDes)y Star Water Heater criteria final analysis for cost data and because of the age of the 
report we looked and compared tbe cost and ranges to c:umnt maJtet prices. We fouad lbat the cited cost (or tbe middle of 
tbe high and low values provided) were OD target for the Gas Storage categories, but tbat tbe averap of the high and low 
ranges wu too high for Che tankless categmy. For dlis reason the low end of the cited range was used for the laDk1ess 
~IY· 
,., 'Ibis value comes fiom the middle of 1be nmge ($1985) of installed costs fi'om tbe above source miDus lbe $865 installed 
cost of the baseline. These units are only rec:mtly on the market and a review of available priciD8 support this oumber. 
, •• Uses tbe same S86S cost baseliDe, but market review indicated lbat Ille inc:remental cost should be calculated from die 
low end oftbe price cited in the source (S1470) 
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Savings are determined using Energy Factor assumptions, applying the proportion of comumption used for 
water beating. 

Eneqy SaWlgs 

AMMBtu 

Where: 

BtuHWUSAGE 

EFar 

= BtuHW'USAGE • (1-EFa-/ EFm) 

=typical household hot water consumption in therms per year 
= 18<>319 

=Energy Factor for the baseline equipment 
=0.58 

=Energy Factor for the efficient equjpment 
= actual installed 

For example for a new tankless unit mted at AFUE 0.82 the savings would be calculated as follows: 

= 180 • (0.82-0.58)/0.58 
=54 

Sammer Coincident Peak Demand Savings 
o/a 

Water Impact Descriptions and Calculation 
ola 

Deemed O&M Cost Adjustment CalcolaUon 
o/a 

319 Average Daily bousebold bot water usage from 2001 Residential Energy CODsumption Sulvey. 
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Programmable Thermostats (Time of Sale, Direct Install) 

name Encl Use 

Description 
Programmable Thermostats cao save energy through the advanced scheduling of time-of-day andlor day-of­
week setbacks to control heating and cooling se1points. Typical usage reduces the heating selpOint durioa times 
of the day wheo occupants are usually not at home (work hoW'S), keeping the home at a cooler temperature in 
the winter reduces heat losses relative to a higher tempe:rature. 

Deflnltlon of Efllclent Equipment 
Programmable Thermostat 

Deflnltlon of Basellne Equipment 
Standard, non-programmable thermostat fbr central heating system (baseboard eledric is excluded fi:om this 
characterization. 

Deemed Savbap for this Measure 

Average Annual 
KWH Savin~ per uoit 

Residential Dia 

Average Summer 
Coincident Peak kW 

Sa . unit 

Deemed Ufetlme ofEmdent Equipment 

Average Annual Fossil Fuel 
heating fuel 

sa uoit 

Average Annual 
Water savings per 

unit 
Dia 

The lifetime of this measure is assumed to be lS years in accordance with the EPA's determination of the 
lifetime of the thermostats. 

Deemed Measure Cost 
The incremental cost for the purchase of a programmable thermostat shows siguificant variation, but is typically 
on the order of S3S based upon cmrent retail market prices. Measures directly installed through retrofit 
programs should use the actual material, and labor costs. 

Deemed O&M Cost Adjustments 
of a 

Coincidence Fador 
Dia 

320 1be referenced study only evaluated heating savings and did not address aavinp during the cooling season. We do not 
believe it is appropriate to assume a similar pattem of 88\liap &om settio8 your tltemwstat down cluriDg the beating season 
and up during the cooliDg season. A literature review could not find 1111)' appropriate defensible soun:.e of cooliq savings 
from programmable tbermostals 
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