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Convection Oven (Time of Sale) 

Description 

aame EodUse 
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Commercial convection ovens that are ENERGY STAR certified have higher heavy load cooking efficiencies, and 
lower idle energy rates making them on avenge about 20 percent more efficient than standard models. Energy 
savings estimates are for ovens using full size {18" x 36") sheet pans. 

Deftnltlon of Emdent Equipment 
The efficient equipment is assumed to be an ENERGY STAR qualified electric convection oven. 

Dellnltlon of Basellae Equipment 
The baseline equipment is assumed to be a standard convection oven with a heavy load efficiency of 6S%. 

Deemed Savlags for this M~ 

Annual kWh Savings 

Summer Coincident Peak kW Savings 

:=3,23SkWb 

=0.62kW 

Deemfd Lltetlme of Eftklent Equipment 
12 years5-

Deemed Measure Cost 
The incremental cost for coDUDacial convection ovens is asswned to be Sl,l 13S87 

Deemed O&M Cost Adjustments 
n/a 

Coincidence Factor 
0.84511 

CalcalaUon of Savlnp 

Eneqy Savings 

REFERENCE SECJ10N 

kWH =[LB x Etaoa>'EFf +IDLE x {HOURSDAy- IBIPC- P:REm.E /60) + PREamtaYJ x DAYS 
~Wb = k'Wfft..-kWh. 

Where: 

k~ 
kWH. 
HOURSDAY 

= the amwa1 energy usage of the baseline equipment calc:ulated using baseline values 
= the amrual energy usage of the efficient equipment calculated using efficient values 
= Daily operating hours 
=12• 

• Pood Service Tedmology Center (PSTC). Default value from life cycle cost cak:ulator. 
wre:11www.fislmick.com/saveeoergy/toolslcalcuJatorslecombicalc.pbp 

NYSERDA Deemed Savings Database 
,. RLW Aoalytics. CoillcideDce Pacior Study-Residential and Comme:rcia1 Industrial I lglrtins Measures. SpriJl8 2007. 
•Food Savice Tedmology Center {PSTC), based on assumption that restaurant is open 12 hours a clay, 365 days a year. 
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DAYS =Days per year of operation 
=365 
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=Preheat time (minlday), the amount of time it takes a steamer to reach operating 
temperature when turned on 
=15minl~ 
= ASTM F.aelJy to Food (kWh/lb); the amount of e11ef8Y absorbed by the food durins 
cooking. F. pound of food 
=0.073~1 

LB =Pounds of food cooked per day (lb/day) 
= 1005'.t 

EFF 
IDLE 

=Heavy load cooking energy efficieacy (%).See table below. 
=Idle eneraY rate. See table below. 

PC 
PREam.GY 

= Production capacity (lbs/hr). See table below. 
= Pleheat energy (kWb/day). See table below. 

Perfonnance Metrics: Baseline and Efficient Values5" 
En.V Emdeot 

,Basellne.Model ~ ·Model 
1.5 1 
2 

EFF 65% 

PC 70 

Summer Colnddent Peak Demand Savtnp 

&W = (&Wh I HOURS) x CF 

Where: 

&Wh 
HOURS 

=Annual energy savings (kWh) 
= Equivalent full load hours 
=4380 

CF = Summer Peak Coincidence Factor for measure 
=0.84 

Fossil Fuel Impact Descriptions and Cakalation 
Dia 

Water Impact Descrlptions and Calculation 
Dia 

Deemed O&M Cost Adjustment Calcalatlon 
Dia 

1.3 

74%505 

80 

,. Food Service Technology Center (2002). CommBTCial Cooking ~pliancs 'hclurology .bstmm'111L Prepared by Doll Fisher .. 
gu.pte:r 7: ovms. 
" 1 Americ:aD Society for Testio8 and Materials. Indusby Staadanl for Commercial ovens. 
m Food Servk:e Teclmology Center (FSTC). Default value from life cycle cost calculator. 
li!tp:/lwww.fisbnick.com/saveeoergyltools/calc:ulator!Vecombicalc.pbp 
5llJ Ibid. 
,,. Calculated from list of Energy Star qualified models, 
"ttp://www.euergystar.gov/ia/productll/prod_.tists/comm_ovens_prod_list.xls 

Ibid. 
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ENERGY STAR Griddle (Time of Sale) 

Description 

· BnCIUse 
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ENERGY STAR qualified commercial griddles have bigbu cooking energy efficiency and lower idle energy rates 
than standard equipment The result is more energy being absOlbed by the food compared with the total mergy use, 
and less wasted energy when the griddle is ill standby mode. 

Deflllltlon of Efndent Equipment 
The efficient equipment is assumed to be an ENERGY STAR qualified griddle that bas a cooking energy efficiency 
greater than 70% 

Delbddon ofBasellne Equipment 
The baselille equipment is assumed to be a conventional electric griddle with a oookiDg energy efficiency of 6()0At 

Dttmecl Cakulatlons for tbls Measure 

Amwal kWh Savings = kWha-. kWbeir 

Summer Coincident Peak kW Savings= (Amlual kWh Savings I HOURS) x CF 

Deemed Lifetime of Efndent Equipment 
12yeariM 

Deemecl Measure Cost 
The incremental cost of an ENERGY ST AR griddle is assumed to be S2,090SV'. 

Deemecl 08rM Cost Adjustments 
Dia 

ColDcldence Factor 
0.84-

Calculation of Savings 

Eueray Savtnp 

REFERENCE SECTION 

kWhi =[LB x EFOQD/ EFFi + IDLEi x (HOURSDAv- LB I PQ- PRE11ME / 60) + PREm!RGY.il x DAYS 

L\kWb = kWhme. k'Whctr 

Where: 

= the BDDual energy usage of the baseline equipment calculated using baseline values 
(where i =base for all instances of the subscript ill the equation above). 

,. Food Service Teclmolog Center (PSTC). De&ult value fi'om life cycle cost cak:uJator. 
~://www.fialmkk.comlsaveenergy/tools/calculators/etpidcalc.php 
"'New YOik State Energy Raearcb end Developmeot Agf!a;y (NYSERDA) Deemed savings Database, Rev. 12, 2008. 
• Verificalion of summer peak coioctdeoce filctor is peadiJl8 further iafmmation fi'om the utilities. 
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IB 

IDLF.t 
HOURSDAY 

PQ 
PRE11ME 

60 
PREENER.GY .i 
DAYS 
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=the amwal energy usage of the efficient equipment calculated using efficient values 
(where i = efffor all instances of the subsaipt in the equation above). 
= Pounds of food cooked per day 
= 100 
= ASTM Energy to Food (kWh/lb); the amount of energy absorbed by the food during 
coo~pouod of food 
=0.139 
=Heavy Load Cooking Energy Efficiency; see table below for baseline and efficient 
values. 
= Idle Energy Rate; see table below for baseline and efficient values. 
= Dailv operating homs 
=t2• 
= Production Capacity; see table below for baseline and efficient values. 
=Preheat time (min/day), the amount of time it takes a steamer to reach operating 
temperature when tlD'Ded on 
=IS mio/day81" 
= minutes per hour 
= Preheat mergy (kWblday); see table below for baseline and efficient values. 
= Operating Days per year 
=36S 

Etndent Griddle Performance Metrics: BaseJIDe and Emctent Valuescm 

2.4 0.92 
3S 46 
4 2 

Summer Colnddent Peak Demand Savlnp 

Where: 

llkWh 
HOURS 

CF 

llkW = (llkWh I HOURS) x CF 

= Annual energy savings (kWh) 
= annual operatiag homs 
= HOURSDAv •DAYS= 12 • 365 =4380 
= Summer Peak Coincidence Factor for measure 
=0.84 

FossU Fuel Impact Descriptions and Calcalatlon 
Dia 

Water Impact Descriptions and Calculation 
Dia 

Deemed O&M Cost Adjustment CalcalaUon 
Dia 

"'American SOc:iety for Testiq and Materials. Industry Standard. 
• pooc1 Service Tedmology Centez (PSTC), based OD assumption that restaurant is open 12 hours a day, 365 days a year. 
41111 FSTC (2002). OomllUITClal O>oA:ing Appliance Technology .US&Ullllllft. Qapter 3: Griddles. 
a An average pan width of 3 ft bas been assumed based OD a survey of available equipment. Baseliae values based on 
assumpCiom tiom PSTC life c:ycle cost calculator. Eftident values reflect averages tiom a list of~ modeJs found on die 
ENERGY STAR website (accessed June 2010) 
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Spray Nozzles for Food Service (Retrofit) 

End Use 

Description 
All pre-rinse valves use a spray of water to remove food waste from dishes prior to cleaning in a dishwasher. They 
reduce water consumption, water hea1ing cost, and waste water (sewer) charges. PnHinse spray valves include a 
nozzle, squeeze lever, and dish guard bumper. The spray valves usually have a clip to lock the handle in lbe "on" 
position. Pie-rinse valves are inexpensive and easily interchangeable with dift'amt manufilctums' assemblies. The 
primaly impacts of this meastire will be water saviJ18s. Energy savinp depend on lbe facility's water heating fuel -
if lbe facility does not have electric water heating, there are no electric savings for this measure; if the &cility does 
not have fossil fuel water heating, lbere are no MMBtu savings for this measure. 

O.llDltlon of Eflldent Equipment 
The efficient equipment is assumed to be a pre-rinse spray valve with a tlow rate of 1.6 gallons per minute, and with 
a cleanability performaoce of 26 seconds per plate or less 

O.llllltton ofBasellne Equipment 
The baseline equipment is assumed to be a spray valve with a flow rate of 3 gallons per minute. 

Deemed Savlup for this Measure 

Annual kWh Savings9 = A Water x HOT" x 8.33 x (AT) x (l/EFF) x 10-6 

Summer Coincident Peak kW SaviJl8s = o 

Annual MMBtu Saviugs61M = A Water x HOT" x 8.33 x (AT) x (1/EFF) x 10-6 

Deemed Llfettme of Emdeot Equipment 
5 yearsfJOS 

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

Deemed o&M Cost Adjustments 
Dia 

Cotncldence Factor 
Dla8 

CalcolaUoo of Savlop 

REFERENCE SECDON 

am If the facility does not bave electric water heating, there are no electric saviDp for this measure. 
• If the filcility does not lave fossil fbel water heatiq, there are no MMBtu saviop for this measure . 
.., Federal Energy Management Program (2004), How to Buy a Low-Flow ~Rima "7nry Yalw. CoDimoD assumptioo across 
~propams. 
a No demand savings are claimed for tills measure since there is insuflic:ient peak coincident data. 
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Enel'IY Savings 
If water heating is electric-based: 

8.33 
AT 

EFF 

10-6 

4kWh = l1Wawx HOT"x 8.33 x (l11)x (1/EFF)x 10"' 

=Water saviqs (gallons); see calculation in "Water Impact" section below. 
=The ~tage of water used by the pre-rinse spray valve that is heated 
=69% 
= The energy content of heated water (Btu.lgallon?F) 
= Teamerature rise through water heater (0 F) 
= 70-
= Water heater thermal efliciency 
=0.9'78 
=Factor to convert Btu to MMBtu 

Summer Colnddeat Peak Demand SavlDp 

llkW =O 

Fossll Fuel Impact Descriptions and Cakalatioa 
If water heating is fossil fuel-based: 

8.33 
AT 

EFF 

10"' 

AMMBtu = l1 Water x HOT" x 8.33 x (.6.1) x (1/EFF) x 10"' 

= Water saviqs (gallons); see calculation in "Water lmpacf' section below. 
=The perceatage of water used by the pre-rinse spray valve that is heated 
=69% 
= The energy content of heated water (Btu.lgallon/°F) 
= Temoeratwe rise through water heater {°F) 
= 7061~ 
= Water heater thermal efficiency 
=O.s8611 
=Factor to convert Btu to MMBtu 

Water Impact Descriptions and Calculation 

60 
365 
HOURS 

l1WatC2' = (FL<>i..- FLO.) x 60 x HOURS.,. x 365 

= 1be flow rate of the baseline spray nozzle 
= 3 gallons per minute 
= The flow rate of the efficient equipment 
= 1.6 gallons per minute 
=minutes per how 
=days per year 
=Hows used per day- depends on facility type as below:612 

"" Measures and Assumptions for DSM PlllllliDg (2009). Navigant Consulting. PrepaJed for the Ontario Energy Board. 'Ibis 
factor is a candidate for future improvement tbn>uah evaluation. 
• Ellgioeerioajudgmeat; assumes typical supply water temperature of700F and a hot water storage tank temperature of 140oP. 
• IECC 2006. Performance requirement for electric resistance water heaters. 
• 10 E.qineeriDBjudpleot; assumes typical supply water temperature of 700P and a hot water storage tank temperature of 1400P. 
611 Baseline pa water heater thermal efficiency. As submitted in the gas utilities' Propoud pret/lllmnbuJd Wllu4' and fll'Olocolf­
submitted to Ille OH PUC 2009. Case no. 09-512-0£-UNC. 
612 Hours estimates based OD PG&E savings 'atl1natlls, alSoriJhms, 80UTC&'I (2005). Food Service Pre-Rinse Spray Valves 
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Full Service hstaurant 
Other 
Limited Service ast Food R.estaunmt 

Deemed O&M Cost Adjustment CalculaUoo 
Dia 
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Refrigerated Case Covers (Time of Sale, New Construction, Retrofit - New 
Equipment) 

DescrlpUoo 
By covering refrigerated cases the heat pin due to the spilling of refrigerated air and convective mixing with room 
air is reduced at the case opening. Continuous curtains can be pulled down overnight while the store is closed, 
yielding significant eneqy savings: 

Del'bdtloo of Eflldent Equipment 
Jn order for this cbaracteri7.ation to apply, the efficient equipment is assumed to be a refrigerated case with a 
continuous cover deployed during ovemigbt periods. Characterization assumes covm are deployed for six homs 
daily. 

DeflnlUon of BaseUne Equipment 
In order for this cbaractaization to apply, the baseline equipment is assumed to be a refrigerated case without a 
cover. 

Deemed Cakulatton for this Measure 

Amlual kWh Savings = 346.5 •FEET• COP 

Summer Coincident Peak kW Savings =O 

Deemed Lifetime of EfDdeot Equipment 
The expected measure life is assumed to be 5 years 613

• 

Deemed Measure Cost 
The incremmtal capital cost for this measure is $42 per lineu foot of cover installed including material and labor614• 

Deemed OAM Cost Adjustments 
Dia 

Colnddence Factor 
The summer peak coincidence &.ctor for this measme is assumm to be 0615• 

REFERENCE SECTION 

CalculaHoo of SaTbap 

Enel'I)' Savblp 

~Wh =(LOAD/ 12,000) •FEET• (3.516) •COP• ESF • 8,760 

Where: 

613 2008 Database for Enagy-Efficienc:y Resources (DEBR), Version 2008.2.0S, "Effective/RcmainiDg Useful Life Values", 
Califomia Public Utilities Omnntssion, Decanbet 16, 2008. 
614 2008 Database for Bllergy-Efficieacy Resources (DEBR.), Version 2008.2.0S, "Cost Values and Summ1lly Doc:umenlation", 
California Public Utilities O>mmission, .December 16, 2008 
~://deemourc:es.comldeel091 lplmmingtdownloads/DEER2008_ Costs_ ValuesADdDocumcDtion_080530R.evl.zip> 
,., Assumed that the contimlOUS covers are deployed at nisbt; theiefote no demand savings OCQU' duriq the peak period. 
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LOAD =average refrigeration load per linear foot of refrigerated case without night covers 
deployed 

FEET 
12,000 
3.516 
COP 

= l,SOO Btu/h616 per linear foot 
= linear (bmzontal) feet of covered refrigerated case 

=conversion factor - Btu per ton cooling. 
=conversion filctor- Coefficient of Perfomumce (COP) to kW pet ton. 
=Coefficient of Performance of the refrigented case. 
= assmne 2.2617

, if actual value is unknown. 
ESF = Energy Savings Factor; retlects the pen:ent reduction in refrigeration load due to the 

deplcm:nent of night covers. =9%··· .. 
8,760 = a,q;sgned mmual operatina hours of the refrigerated case 

Summer Coluddent Peak Demand Savlup 

AkW =ff1
' 

Fossil Fuel Impact Descriptions and Calcalatlon 
o/a 

Water Impact Descriptions and Calcalatton 
o/a 

Deemed O&M Cost Adjastml'Df Cllcalatlon 
of a 

618 Davis Energy Group, ADalysis of Standard Options for Open case Refrigaatorsand Fnezers. May 11, 2004. Accessed on 
7nt10 < http://www.euergy.ca.gov/applianc:esll003ruJemaJcingldoc:umealslcase_studie&'CASE_ Opeo_ Cue _Refrig.pdf> 
617 Kuike:n et al, Focus on EDa'8)' Evaluation, Business Programs: Deemed SaviDp Manual Vl.O, KEMA, March 22, 2010. 
611 Effects of tbe I.ow Bmissivity Shields on Performance and Power Use of a Refrigerated Display case, Southern C8lifomia 
Bdison, August 8, 1997. Accessed OD 7n/10. <bUp://www.sce.com'NR/ntonlyres/'lAAEFPOB-4CES-49A5-8B2C-
3CE23B81F26&'0/~bield_Reportpdf>; Cbancterizatioa assumes covers are deployed for six hours daily. 
619 Assumed that the contimJous coven are deployed at Dipt; tbe:more no demand saviop occur during the peak period. 
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Door Heater Controls for Cooler or Freezer (Time of Sale) 

BmtUse 

Description 
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By installiDs a control device to tum off door heaters when there is little or no risk of condensation, one can realize 
significant energy savings. There are two commercially available control strategies that achieve "on-off• control of 
door heaters based OD either (1) the Jelative humidity of the air in the store or (2) the "conductivity" of the door 
(which drops when condensation appears). In the first strategy, the system activates your door heaters when the 
relative humidity in your store rises above a specific setpoint, and tums them off when the relative humidity falls 
below that setpoint In the second sttategy, the sensor activates the door heaters when the door conductivity mus 
below a certain setpoint, and turns them off when the conductivity rises above that setpoint. 

Deflnldon of Eftldent Equlpmeot 
In order for this characterization to apply, the efficient equipment is assumed to be a door heater control on a 
commercial glass door cooler or refrigerator utilizing humidity or conductivity control. 

DeflnlUon ofBaseUne Eqatpmeat 
In order for this characterization to apply, the baseline condition is assumed to be a colDlllel'Cial glass door cooler or 
refrigerator with a standard heated door with no controls installed. 

Deemed Calculation for tbls Measure 

Annual kWh Savings = kWbase • NUMdoors • ESF •BF 

Summer Coincident Peak kW Savings =O 

Dffmecl Lifetime of Eftldent Equipment 
The expected measure life is assumed to be 12 years 620• 

Deemed Measare Cost 
The incremeutal capital cost for a humidity-based control is $300 per circuit regardless of the llUIDber of doors 
controlled. The incremental cost for conductivity-based controls is $20<>621

• 

Deemed O&:M Cost Adjustments 
n/a 

Coincidence Fador 
The summer peak coincidence mctor for this measure is assumed to be Oo/om. 

REFERENCE SECTION 

Calcolatton of Savlop 

EDeJ'IY Savlop 

QI 2008 Database for PaerBY-Bflidem:y Resources (DBBR.), Version 2008.2.0S, "Bfl'ectivelRe Uscibl Life Values", 
Califomia Public Utilities COmmissim, December 16, 2008. 
QI Efficiency Vermont TecJmical Reference User Manual ('I'RM) Measure savinp Algorithms and Cost Aasumptious, Februaiy, 
19,2010 
4112 Based on the assumption that humidity levels will most likely be relatively high during the peat period, reducing the 
likelihood of demand savings from door heater COD!lols. 
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AkWH = kWbase * NUMdoors * ESF * BF 

kWbase623 

NUMdoors 

Bf62S 

=connected load kW for typical reach-in refrigerator or freez.er door and frame with a 
heater. 
=If actual kWbase is unknown, assume 0.195 kW for freezers and 0.092 kW for coolers. 
=number of reach-in refrigerator or freezer doors controlled by seasor 
= Actual installed 
= F.nergy Savings Factor; represents the percentage of hours amwaUy that the door beater 
is powered off due to the controls. 
=assume SS% for humidity-based controls, 700Ai for conductivity-based controls 
= Bonus Factor; represents the iocreased savinss due to reduction in cooling load inside 
the cases, and the increase in cooling load in the building space to cool the additional beat 
generated by the door heaters. 
= assume 1.36 for low-temp, 1.22 for medium-temp, and 1.15 for high-temp applications 

Sammer Coloddent Peak Demand Savlop 

AkwG' =O 

Fosso Fuel Impact Descriptions and Calcalattoo 
Dia 

Water Impact Descrtpftoos and Calcolatloo 
Dia 

Deemed O&M Cost Adjustment Cakulatloo 
Dia 

m A mriew ofTRM methodologies fmm Vermont, New York, Wuroonsin, and Comlec:ticut reYe8ls several diffment sources for 
this &ctor. Coonecticut requires site-specific infonnatioo, whereas New Ymt's c:lllll'acteri2aticm does not explicitly identify the 
kWbase. Connecticut and Vamont provide values that are vay consistent, aod the simple average of these two values bas been 
used for the pmposes of this cbaracterization. 
a. A review ofTRM metbodologies fmm Vermont, New York, Wuroonsin, and Comteeticut reYe8ls several different estimates of 
ESP. Vennont is the only TRM that provides saviop esfhn•tes dependent on the control type. Additionally, these estimates are 
the most conservative of all TRMs ieviewed. 1bese values have been adopted for tbe pmposes of this cbaracterizatioo. 
m Efficiency Vermont Teclmical Reference User Maaual (I'RM) Measure Savings Algorithms and Cost Assumptions, February, 
19,2010 
OI Based on the assumption that bumidily levels will most likely be relatively high during the peak period, reducing the 
likelibood of demand saviDp from door heater ccmlrols. 
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ENERGY STAR Ice Machine (Time of Sale, New Construction) 

Eid Use 

Description 
'Ibis measure relates to the installalion of a new ENER.GY STAR qualified commen:ial ice machine. The ENERGY 
STAR label applied to air-cooled, cube-type machines including ice-making head, self-contained, and moo~ 
condensing units. 'Ibis 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 a new or existing building. 

DellDltloa of Etllmnt Equipment 
In order for this characterization to apply, the efficialt equipment is assumed to be a commercial ice machine 
meeting the minimum ENERGY STAR efficiency level s1BDdards. 

DeftnlUon ofBasellne Equipment 
In order for this characterization to apply, the baseline equipment is assumed to be a commercial ice machine 
meeting federal equipment standards established January 1, 2010. 

Deemed ClkuJatlon for this Measure 

Annual kWh Savings 

Summer Coincident Peak kW Savings 

= [(kWhbase -kWhee) / 100] x (0.40 • H) x 36S 

=Annual kWh Savings I (8760 x 0.40) x 0. 772 

De.emed Lifetime ofEtlldent Equipment 
The expected measme life is assumed to be 9 yearsm. 

Deemed Measure Cost 
The . tal ital fo this mcremen am1 cost r 
l '~Binlst RatiJ(JI}\ ~ 

100-200 lb ice machine 
201-300 lb ice machine 
301-400 lb ice macbine 
401-SOO lb ice machine 
SOl-1000 lb ice machine 
1001-1'00 lb ice machine 
>lSOO lb ice machine 

Deemed o&M Cost Adjustments 
Dia 

Colnddence Factor 

"ded below.621 measure IS Dl'OVI~ 

Jncrenl'entatTe.QSf~ 
$296 
$312 
$SS9 

$981 
Sl,48S 
Sl,821 
$2,194 

The summer peak coincidence filctor for this measure is assumed to be 77 .2%a. 

m The following report estimates life ofa commercial ice-maker at 7-10 years: Energy Savin&f PoUmtlaljbr Commfll'Clal 
~tlon Equipnumt, Arthur D. Little, Inc., 1996. 

These values me from electronic wolk papen prepared in support of san Diego Oas & Eledric's "Application for Approval of 
Electric and Oas Energy Ef:liciency Programs and Budgets for Years 2009-2011", SOO£, March 2, 2009. Accessed oa 7n/10 
<bttp:/lwww.sdge.c:cm'rqulatory/doc:umeots/ee2009-2011WodqJapers/SW· 
ComB/Pood%20Servico'Pood%20Service%20ElediclHl20Measure%20W'-odq>apa""'--s9U011~.DOC>. 
9 AssUmes that the summer peak coincidence filctor for commercial ice machines is consistent wilb that of general commen:ial 
ndiigention equipment. Cbaracterizatioo assumes a value of77.2% adopted from lbe Efficiency Vamont Tecbnical Reference 
User Manual (TRM) Measure savinp Algoridlms and Cost Assumptions, PebnllUy. 19, 2010, until a region specific study is 
conducted. 
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EaeflY SavlDp 
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4kWH = [(kWhi.e-kWbeJ 1100] • (DC• H) • 36S 

Wbeie: 

Ice 

100 

DC 

H 

36S 

=maximum kWh comumption per 100 pounds of ice for the baseline equipment 
=calculated as shown in the table below using the actual Harvest Rate (H) of the efficient 
equipment 
= maximum kWh comumption per 100 pounds of ice for the efficient equipment 
=calculated as shown in the table below usins the actual Harvest Rate (H) of the efficient 
equipment. 

6.89 - 0.0011 *H 6.20 - O.OOlO*H 

8.85 - 0.0038*H 8.05 - 0.003S*H 

S.l 4.64 

8.8S - 0.0038*H 8.05 - 0.0035*H 

5.3 4.82 
18.- 0.0469*H 16.7 - 0.0436*H 
9.8 9.11 

=conversion factor to convert kWhbase and kWbee into maximum kWh CODSUID,ption 
per pound of ic.e. 
=Out)'. ~cle of the ice machine 
=0.40632 

=Harvest Rate (pounds of ice made per day) 
= Actual installed 
=days per year 

Summer ColDddent Peak Demand Savlnp 

4kW = ~Wh/ (HOURS• DC)• CF 

so Baseline ieflects federal staodants which apply to units manufactured on or after January 1, 2010 
~://ecft.gpoaccess.gov/c:gi/tltatltext-idx?c=edi'&ip-div61tview=tm&oode= 10:3.0.1.4.17 .&tidoo=lO>. 
81 ENERGY STAR Program R.equirements for Commercial Ice MacbiDes. Partner Commitments, U.S. Eoviromneata1 Protection 
~· Aa:cssed OD 7n/10 <bttp://www.eaergystar.gov/ia/paltnen/prod_specs/program_reqsfice maclJiDe.,J)J'OLreq.pdt> 

Duty cycle varies considerably fiom one installation to the next. TRM assumptions fi'om Vennont, Wisconsin, and New Yod: 
vuy &om 40 to 57'ft, wbaeas the ENERGY STAR Commen:ia1 Ice Mac:bine Savings Calculator< 
htte:Jlwww·CIFllDOP' IPY'"""';'W"""'k "ll1MrinaDP'Yi qJslCelc; Iq Mecbm,111> assumes a value of 75%. A 
field study of eipt ice maddnes in cawi>mia indicated an average duty cycle of 57% ("A Field Study to Cbaracterize Water and 
Eoeqy Use of commercial Ice-Cube Macbines and Quantify Saving Potential", Food Service Tecbnology Center, December 
2001). Furlbamore, I report prepared by ACHEE assumed I value of 409' (Nadel, s., Packaged Commerda1 Refiigention 
Equipment: A Briefing Report for Program Planners and Implementers, ACEEB, December 2002). For conser\'lltism, Ibis 
c:baracterization assumed a value of 40%. 
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Where: 

HOURS 

CF 

= annual operating hours 
= 876083 
=Summer Peak Coincidence Factor for measure 
= 0.772 dJ4 

Fossil Fuel lmpad Descriptions and Calculation 
Dia 

Water Impad DescdpUom and CalcolaUon 

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

Page 2S9 of 397 

While the ENERGY ST AR labeling criteria requiie that c.ertified commercial ice machines meet certain "maxi!Dlnn 
potable water use per 100 pouuds of ice made" requirements, such requirements are intended to prevent equipment 
manufacturas from gajning energy efficiency at the cost of water consumptions. A review of the AHR.I Certification 
Directory'l5 indicates that approximately 81 % of air-cooled, cube-type machines meet the ENERGY ST AR potable 
water use requirement. Therefore, tbae are DO assumed water impacts for this measure. 

Deemed O&M Cost Adjustment Calculation 
Dia 

m Unit is assumed to be connected to power 24 hours per day, 365 days per year. 
614 Assumes that the summer peak coincideace filctor for commercJal ice machines is coDlristeot with that of general commen:iaI 
refiiseration equipment. Cbarac:terizalion assumes a value of 77.2% adopted trom the Efficiency Vermont Tec:lmical Reference 
UserMaaual (I'RM) Measure Savings A1goritbms and Cost Aasumptiom, February, 19, 2010, UDfil a region specific study is 
conducted. 
m AHRI Catifi.cation Directory, M:c:essed on 7ntlO. <htlp://'www.abridirectory.O!WahridirectoJylpageslhome.aspx;> 
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Commercial Solid Door Refrigerators & Freezers (Time of Sale, New 
Construction) 

Dncrlptlon 
'Ibis measure relates to the iostallation of a new reach-in commercial re&igerator or freezer meeting ENERGY 
STAR efficiency standards. ENERGY STAR labeled commercial reftigerators and freezers are more energy 
efficient because they are designed with components such as ECM evaporator and coudenser fan motoIS, hot gas 
anti-sweat heaters, or hip-efficiency compressors. which will significantly reduce energy consumption. 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 a new or existing building. 

DeftalUon of Emdent .Equipment 
ID order for this characterization to apply, the efficient equipment is assumed to be a solid or glass door reftigerator 
or freezer meeting the mjni1D1un ENERGY STAR efficiency level standards. 

Deftaltton of Basellne .Equipment 
ID order for this characterization to apply, the baseline equipment is assumed to be a solid or glass door reiiigerator 
or freezer meeting the mjni1D1un federal manufacturing standards as specified by the Energy Policy Act of 2005. 

Deemed Cakalatton for this Measure 

Amlual kWh Savings = (kWhbase- kWhce) • 365 

Smnmer Coincident Peak kW Savings = Amlual kWh Savings I HOURS • CF 

Deemed Llfettme of .Emdent .Equipment 
The expected measure life is assumed to be 12 years 636• 

Deemed Mtasare Cost 
The incremental capital cost for this measure is provided belowB'. 

- - ., - .. 'f -· ll"':; , Refrlleratir Fnezer: 
T.Wn.1 ' [ llilnmenta11eost Iaenmeatal Cost 
solld or Gtiu11Ddor, 

,, 

O<V<1' Sl43 
.. 

$142 
15:SV<30 $164 $166 
30<V<.50 $164 $166 
V>.50 $249 S407 

a 2008 Dalabase for Ener8)'-Eflicieacy Resources (DEER), Version 2008.2.05, "EfJective/Rema Useful Life Values", 
C8lifomia Public Utilities Commission, Decemba 16, 2008. 
~:/lwww.c:tsavesenagy.OJ'Wfiles/Measure%20Ufe%20Report%202007.pclf 
81 Estimates of the incmneatal cost of commen:ial refrigerators and hems varies widely by soun:e. Nadel, S., Packaged 
Commen:ial Refiigeratioa Equipment: A Briefing Report for Program Plamlen and Implemeotm. ACEEE, December 2002, 
indicates that ial:remental cost is appn>Ximately z:ero. Btliciency Vermont Tecboical Refereuc:e User Mao111l (TRM) Measure 
Savinp Algorithms and Cost Assumptions, Pebn.llly, 19, 2010, assumed incremeatal cost ranging fi:om $75 to $125 depending 
on equipment volume. ACEBI! notes tbat incrcmeotal cost ranges from O to 10% of tbe baseline unit cost 
<bttp://www.aceee.org/ogeece/c:bS _N&Cb htm>. For the purposes of Ibis characterization. aaume and incmneata1 cost adder of 
5% OD the full unit costs presented in CJoldberg et aJ, State of W'lSCODSio Public Service Commission of W'ISCODSio, Pocus on 
Energy Evaluation, Business Progmms: Incremental Cost Study, KBMA. October 28, 2009. 
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Deemed O&M Cost Adjustments 
Dia 

Cobaddence Fador 
The summer peak coincidence filctor for Ibis measure is assumed to be l OOo/0618• 

REFERENCE SECl'ION 

Calculation of Savlnp 

Enel'I)' Savlnp 

4kWb = (kWbbase- kWbee) • 36S 

Where: 
kWbbase = baseline maximum daily energy consumption iD kWh 

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

Page 261 of397 

=calculated using actual chilled or &oz.en compartment volume M of the efficient unit 
as shown iD the table below. 

Solid Door Re 0.10. v + 2.04 
Glass Door Refii 0.12 • v + 3.34 
Solid Door Freezer 0.40. v + 1.38 
Glass Door Fieezer 0.1S • V + 4.10 

=efficient maximum daily energy consumption io kWh 
=calculated using actual chilled or frozen compartment volume M of the efficient unit 
as shown in the table below. 

-~ T' ''-D'-" " ~- ~If -~iiat01t 
I'("'" • FfeiZer IT·"·-.... -

' Tvoe _ kWhee _ ~- ._,,::. k'Wlaee 
,, __ ,_ 

SoUdlJ>oOr 
- -· ,- -.· 

- -~ 

O<V< 15 S 0.089V + 1.411 S 0.250V + 1.250 
1SSV<30 s 0.037V + 2.200 s 0.400V - 1.000 
30<V<SO < O.OS6V + l.63S S 0.163V + 6.12S 
v~.so S 0.060V + 1.416 < 0.158V + 6.333 
Glals Dior. ~ 

~ ,, 

O<V< IS S O.l 18V + 1.382 s 0.607V + 0.893 
l.SSV<30 S 0.140V + 1.0SO S 0. 733V - 1.000 
30<V<SO < 0.088V + 2.62S < 0.2SOV + 13.SOO 
v~so S O.llOV + l.SOO S 0.450V + 3.SOO 

v = the chilled or frozen computment volume (ft'} (as defined iD the Association of Home 
Appliance Manufacturers Standani HRFl-1979) 
= Actual installed 

36S =days per year 

8 Tbe Summer Peak CoiDcidellce Factor is assumed to equal 1.0, since lbe IUIDUl1 kWh savinp is divided by tbe total annual 
hours (8760), effectively resultins In tbe average kW Rduclion dwing tbe peak period. 
m Energy Policy Act of2005. Accessed on 7nt10. <http://www.epa.p/oust/fedlaws/pul_l09-o58.pd1> 
6411 BNEROY STAR. Prop1uD Requileme:nts for COllllDllR:ial Rdigeiatois and Fnezen Partner Commitments Version 2.0, U.S. 
Eoviro111neotal Protectioa Agency, Accessed on 717/10. < 
http:/lwww.energystar.gov/ia/pal1Ders/prot_specs/pn>p'81D_reqs/c:ommer_refiig_glass_proLreq.pdf> 
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Summer Coloddent Peak Demand Savlnp 

6'&.W = llkW I HOURS • CF 

Where: 

KyPSC Case No. 2014-00280 
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HOURS 

CF 

=equipment is assumed to operate continuously, 24 hours per day, 365 days per year. 
=8760 
= Summer Peak Coincidence Factor for measure 
= 1.01141 

FossU Fuel Impad Descriptions and Calcalatton 
Dia 

Water Impact Descrlpttons and Calculation 
Dia 

DHmed O&M Cost Adjustment Calcalatlon 
Dia 

441 'Ibe Summer Peak CoiDcidence Factor is 8ssumed to equal 1.0, sim:e the mmual kWh saWip is divided by the total annual 
hours (8760), effectively resulting in the average kW reduction duriDa the peak period. 
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Strip Curtain for Walk-in Coolers and Freezers (New Construction, Retrofit -
New Equipment, Retrofit - Early Replacement) 

DescrtpUoo 
'Ibis commercial measure pertains to the iDstallation of intiltration baniers (strip cmtaios) on walk-in coolers or 
freezers. Strip curtains impede heat transfer fiom adjacent warm and humid spaces into walk-ins when the main 
door is opened. thereby reducing the cooling load. As a result, compressor run time and energy consmnption are 
reduced. The engineering assumption is that walk-io door is open 2.S hours per day every day, and the strip curtain 
covers the entire door D:ame. Elisil>le applications include new construction and retrofit. 

DeflDIUon of Eftldeat Equipment 
The efficient equipmalt is a polyethylene strip curtain added to a walk-in cooler or &eezer. 

Definition of Basellae Equipment 
The baseline assumption is a walk-in cooler or freezer that previously bad either no strip curtain installed or an old, 
ineffective strip curtain installed. 

Deemed Savtnp for tbls Measure 

Annual kWh Savinp442 

Summer Coincident Peak kW Savings 

= 2,974 for freezers 
= 422 for coolers 

= 0.34 for freezers 
= 0.05 for coolers 

Deemed Lifetime of Eftldent Equipment 
The expected measure life is assumed to be 6 years643

• 

Deemed Measure Cost 
The incremental capital cost for this measure is $10.22 per square foot of door opening (includes material and labor) 
644 

Deemed O&M Cost Adjustments 
Dia 

Coladdence Fador 
The summer peak coincidence factor for this measure is lOOol064s. 

612 Values based on analysis prepared by ADM for FirstEnergy Ulililies in Pennsylvania, pJOVided via personal cnmm1micatioo 
with Diane Rapp of FirstEnergy on June 4, 2010. Based on a review of deemed saviDp assumptions and methodologies fiom 
Oregon and Cllifomia, the values ftom Pennsylvania appear reasonable and are the most applicable to the Ohio climate. 
4IG M. Goldberg, J. Ryan Bany, B. Dmm, M. Ackley, J. Robinson, and D. Deangelo-Woolsey, KEMA. "Focus on Energy: 
Business Pn>pams- Measure Life Sludy", August 2009. 
644 2008 Database for Energy-Eflicieocy Resoun:es (DEER), Version 2008.2.0S. "Cost Values and SUmmaryDoc:umratation", 
Califomia Public Utilities Commission, December 16, 2008 
.., 1be summer coiDcideDt peak demand reduction is aaumed as tbe total 8DDU81 saviop divided by tbe total number of hours 
per year, effec:tively a•nning tbe averap demand recludion is R8lized during the peak period. 1bis is a reasonable assumption 
for refripration savinp. 
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REFERENCE SECfiON 

Calculation of Savings 

EDeflY Savlnp 
AkWh 

Sammer Colnddent Peak Demand Savlnp 
~w 

Where: 
= homs per year 

= 2,974 for freezers 
= 422 for coolers 

=~Wb /8760*CF 
= 0.35 for freezers 
= 0.05 for coolers 

8760 
CF = Summer Peak Coiocideace Factor for the measure 

= 1.0 

FossU Fuel Impact Descriptions and Calcalatlon 
o/a 

Water Impact Descriptions and Calcalatlon 
Dia 

Dftmed O&M Cost Adjustment Calralatlon 
Dia 
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Motors (Time of Sale) 

Description 

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

Page 265 of 397 

1bJee phase Open Drip Proof (ODP) and Totally Enclosed Fan-Cooled (TEFC) motors of at least 1 horsepower 
(HP) and less than or equal to 200 HP. 

De8Dlfton of Emdent Equipment 
The efficient equipment is motors meeting the minimum efficiency levels of NEMA premium efficiency motors. 

Definition of BaseUoe Equipment 
For 2010, the baseline equipment asswnes motors that meet the minimum efficiency allowed under the Federal 
F.nergy Policy Act of 1992 (EP AC'I). While EPACT genaally reflects the tloor of efficiencies available, most 
manufacturers produce models just meeting EPACT, and these are the most commonly purchased among customers 
not choosing high efficiency. Refer to the table of Baseline Motor Efficiencies in the refermce table section. 

For 2011, NEMA premium efficiency motors are becoming the new baseline. The Energy Independence and 
Security Act of2007 (EISA) requires lbat general pmpose motors (subtype I) manufactured after Dec. 19, 2010, 
from 1 to 200 HP, inclusive, shall have a nominal full-load efficiency lbat is not less than as defined in NEMA MG 
1-2006 Table 12-12 ("NEMA Premium" efficiency levels)646

, Therefore., it is not anticipated lbat time-of-sale 
NEMA premium efficient motors will provide savings in 2011. 

Dttmed Savlop for this Measure 

Annual kWh Savings = 0. 746 x C<hPI- X RLF.,.)/111me-(bPa X RLFee)/1lee] 

Summer Coincident Peak kW Savings =AkWxCF 

Dttmed Lifetime of Emcleot Equipment 
16yeMSMI 

Deemed Measure Cost 
See •Jncremental Costs for Efficient Motors' in the Refaence Table section below 

Deemed O&M Cost Adjustments 
Dia 

Coloddeoce Fador 
0.38 

Calcalatlon of Savlop 

Eaeqy Savlop 

Ak.Wh = AkW x EFLH 

REFERENCE SECOON 

MS NEliU PnlllrilDn E/ficlsncy LINels MDplld a Fetlt!ral Motor llflcUmcy Pa[onnanct1 Slandartl.t, NEMA press release , March 
27, 2008, l!gp;//www.1!!!!9! og/medj1 {m:l20080327f,Cfin. accased OD Aupst S, 2010. 
"'PA Consulting.Oroup, lac. (2009). /Justn&fs Progr"OlllS: Memure Li.fe Study. PRpared far State ofWISCODSin Public: Service 
Commission 
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i( 

Where: 
EFLH = F.quivaleot Full Load Hours 
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= sit.e specific variable, either collected on a pa unit basis, or calculated using building 
type and location 

Sammer Coladdent Peak Demand Savings 

Where: 

llkW = 0.746 x [Chl>i- X RLF~ -(hp. X RLFc)/q.J 
kW =llkWxCF 

~ = Rated horsepower of the efficient motor 
= Nameplat.e 

hPtme = Rated horsepower of baseline motor 
= same as the efficient motor 

RLF1me =Rated load factor of baseline motor 
=0.7s64' 

RI.Fee = Rated load factor of efficient motor 
=Nameplate 

1lbm =Efficiency of baseline motor 
=see 'Baseline Motor Efficien.cies (EPACT)' below 

1ld' = Efficiency of efficient motor 
= nameplate, must meet or exceed efficiency levels in table 'Efficient Motor Efficiencies 
(NEMA Premi1DD)' foUDd below 

0. 746 = the conversion factor kW/hp 
CF = Peak coincidence factor 

= 0.3864!> 

Fossil Fuel Impact DescrlpUoos and CalcalaUon 
of a 

Water Impact DescrlpUoos and CalcalaUon 
o/a 

Deemed O&M Cost Adjustment CalcalaUon 
of a 

Reference Tables 

Baseline Motor Efficiencies CEPACT. 
lOP,ea Dnp,ProOt{ODJ? t'otab Eu,cl~~ Fan- ; 

· # of.Poles eooled111···-·-.·•'• 
': Slze~1 6 ~ -"'· 4, ' 2t ts If 4:_ !i:: 1L -
I I - _._; _.._,__ 

l\r _....,. ,811 

l't!b \_., 1~00t 180!'1 3"60J)}. 2 2Q/); ' l .80D1 
, 3._600 n 

1 80.00/o 82.5% 15.5% 80.0% 82.5% 15.5% 
l.S 84.00/o 84.0% 82.5% 85.5% 84.0% 82.5% 

· 2 85.5% 84.0% 84.0% 86.5% 84.0% 84.00.4 
3 86.5% 86.5% 84.00/o 87 . .S% 87.5% 85.5% 
s 87.5% 87.5% 8.S.5% 87 . .S% 87.5% 87.5% 

1.5 88.5% 88.5o/o 87.5o/o 89.So/o 89.5% 88.5% 
10 90.2% 89.5% 88.5% 89.5% 89.5% 89.5% 

.. Bfllc:iency Vennont Tedmical Reference User Manual (TR.M) Measure Savinp Algorithms and Cost Assumptioos, Februmy, 
19,2010 
• JCP&:L metered data 
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,,,.. -- 0... Drip PfoOf (0DP) - ~otany EDclOlecl1Faii· 
#of Poles 

• -,.~-r -
€oiled (1.1.<Ed.',ll!;I . 

SlzeBB 6 4~~ ·2 '· 6 4 1 1~ .,2 j 

~ 81 - ·•xr: RI •s .e.trt~~.: - ' 
I 110/), ~~ 1800 36()()· ·1ltOO j 1800 ,_ 36001 

1' 90.2% 91.0o/o 89.S% 90.lo/o 91.0o/o 90.2% 
20 91.0o/o 91.00.At 90.2% 90.2% 91.0o/o 90.2% 
2S 91.7% 91.7% 91.0o/o 91.7% 92.4% 91.0o/o 
30 92.4% 92.4% 91.0o/o 91.7% 92.4% 91.0o/o 
40 93.0o/o 93.0o/o 91.7o/o 93.0o/o 93.004 91.7% 
so 93.00.At 93.00.At 92.4o/o 93.0% 93.0o/o 92.4o/o 
60 93.6% 93.6% 93.0o/o 93.6o/o 93.6o/o 93.0o/o 
7S 93.6% 94.lo/o 93.0o/o 93.6% 94.lo/o 93.0% 
100 94.lo/o 94.lo/o 93.0o/o 94.lo/o 94.So/o 93.6% 
12S 94.lo/o 94.,,10 93.6o/o 94.1'4 94.So/o 94.So/o 
lSO 94.So/o 9S.OOA> 93.6o/o 9S.Oo/o 9S.0% 94.So/o 
200 94.So/o 9S.Oo/o 94.So/o 9S.0% 9S.0% 9S.0% 

Efficient Motor Efficiencies n.rn.t"' Premium) 
1r 

. ,_ 
IFitillY En~ Fim 

11 
!i Onlin•lhlD Proo~lbD:m_ - €oOled 1,a•-.e t ~ 

·' 1#o~P.oles 1• "#.._d~P.olest 
Sbe r ~2 _ It 4' 6 ~, ... • 2 'II - ~- I .. _ 6 

I ~ BP ~ C!J ~.~ 
;;: · - -Ill: • ......---=. -... -' '" 

, .. _ -_1200 ~ ls.Ob, , 3600 -
12001 18001 ' 3600l .. 

1 82.SOo/o SS.SO% 77.00% 82.SOo/o 8S.SOo/o 77.00% 
1.S 86.50% 86.50% 84.00% 87.50% 86.SOo/o 84.00% 

2 87.50% 86.5004 8S.SOo/o B8.SOo/o 86.SOo/o BS.SO% 
3 BB.SO% 89.SOo/o BS.SO% B9.SOo/o B9.SOo/o 86.50% 
s 89.SOo/o 89.SOOAI B6.SO% B9.50% B9.SOo/o 8B.50o/o 

1.S 90.20% 91.00%' BB.50% 91.00% 91.7004 B9.50% 
10 91.70% 91.70% B9.50% 91.0004 91.70% 90.20% 
1S 91.70% 93.00% 90.20% 91.70% 92.40% 91.00% 
20 92.40% 93.00% 91.00% 91.70% 93.00o/o 91.0004 
25 93.0004 93.60% 91.70% 93.00% 93.60% 91.70% 
30 93.60% 94.10% 91.70% 93.00% 93.60% 91.70% 
40 94.lOo/o 94.10% 92.40% 94.10% 94.10% 92.40% 
so 94.10% 94.SOo/o 93.00% 94.10% 94.50% 93.00'Ai 
60 94.SOo/o 9S.00% 93.608At 94.50% 95.00% 93.60% 
7S 94.SOo/o 9S.00o/o 93.60% 94.50% 9S.4()04 93.6084 

100 9S.00o/o 95.40% 93.60% 9S.OO'At 9S.40% 94.lOo/o 
12S 9S.00'4 9S.40% 94.100.4 95.00% 95.40% 9S.00% 
150 95.4004 95.80% 94.10% 95.BOo/o 9S.BOo/o 9S.0004 
200 95.40% 95.80% 95.00% 95.80% 96.20% 9S.400.4 

2010 Ohio Technical Reference Manual - August 6, 2010 
Vennont Ener&Y Investment corporation 

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

Page 267 of 397 

267 



Incremental Costs for Efficient Motors650 

rl" TotaJJy Enelilill' 
I' 0pfll~ Ii Jl'~9-01ed ~' :1 

' ProOf l0DE> ~ - 1na'J!.IJUll 

Sfl.eBP JncrenlCll'fil,€Qst l, ....... 11 Coit ~ 

1 SS2 SS2 
l.S $60 $60 

2 $61 $61 
3 SS4 SS4 
s $63 $63 

7.S $123 $123 
10 $116 $116 
IS Sll.S SllS 
20 SllS SUS 
2S $201 $201 
30 $231 $231 
40 $249 $249 
so $273 $273 
60 $431 $431 
1S $SS4 $SS4 

100 $6S8 $6S8 
12S $841 $841 
ISO $908 $908 
200 $964 $964 

m Xenergy (2001). Motor Up/ Prognnn Evaluation and Mllrtllt As3euml1lll 
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High Efficiency Pumps and Pumping Efficiency Improvements (Retrofit) 

Descrlpttoo 
Pump improvements can be done to optimize the design and control of water pumping systems. The measurement of 
energy and demand savings for commercial and industrial applications will vuy with the type of pumping 
technology, operating hours, efficiency and ament and proposed controls. Depending on the specific applicaiioo, 
slowing the pump, Crimming or replacing the impeller, or replacing the pump may suitable options for improving 
pumping efficiency. 

Deftnltlon of Emdeot Equipment 
In order for this c:haracterization to apply, die efficient equipment is assumed to be an optimized pumping system 
meeting applicable program efficiency requirements. 

DeftalUoo of Baselbae Equipment 
In order for this characterization to apply, the baseline equipment is assumed to be a non-optimized existing 
pumping system. 

Deemed CalculaUoo for this Measure 

Annual kWh Savings651 = (HPllllltar • LF • 0.7461 'lmalar) •HOURS• (ESFl1lpimp) 

Summer Coincident Peak kW Sav:iogs = CHP11111111r. LF. 0.746/1'-'ar). (ESF/llpmp). CF 

De.emed Lifetime of Elndent Equipment 
The expected measure life is assumed to be 10 year/'52

• 

Deemed Measure Cost 
The incremental capital cost for this measure can vary considerably depending upon the sttategy employed to 
achieve the required efficiency levels and should be determined on a site-specific basis. 

Deemed O&M Cost Adjustments 
Dia 

Coincidence Factor 
The snmnierpeak coincidence filctor for this measure is assumed to be 38%653

• 

REFE'RENCE SECTION 

CalcalaUoo of Savlop 

Ene111 Savtags 
~Wh = CHP111111ar • LF • 0.746/llaaar) •HOURS• (ESF/llpimp) 

Where: 

6Sl Improving Pmnping System Perfi•rmance: A SouKebook for Indusay, Second Edition, U.S . .Department of Paagy, May 2006 
m Martin, N. et al, Emeqina Energy-Efficient Industrial Tecbnologies: New Yoit Stale Edition, Americ:aD COunc:il for an 
~ Bffic:ient Economy (ACEBE), March 2001 
m summer Peak Coincidence Factor has been preserved from tbe "Tecboical R.eferm:e Manual (TRM) for Ohio Seaate Bill 221 
P.nagy Efficieiacy aod Conservation J>rosr8m and 09-512-0E-UNC", October 15, 2009. This is likely a comervalive estimate, 
but is rec:ommeoded for further study. 
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HP11111111r 

LF 

0.746 
1lmacar 

HOURS 

ESF 
l1pmp 

=nameplate motor horsepower 
= Actual installed 
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=Load Factor; Ratio of the peak running load to the nameplate rating of the motor. If 
llllkuown,. assmne a value of80%CIS4. 
=conversion filctor ftom horse-power to kW (kW/hp) 
= Motor efficiency; if actual motor efficiency at typical pump operating conditions is 
unknown, assmne the federal mjnjmqn efficiency requimnents as below: 

~-. 

~ J>t1p PieOf,:(ODP) 'F~E1t~Fan-
' #ofP0Jes1 

SlzeBP 6 I ~ " r.'11 2~ "'' 
S• ~·-~· 

1200 1800< 3600 
1 80.0% 82.S% 1S.S% 

1.S 84.0% 84.0% 82.S% 
2 8S.S% 84.0% 84.0% 
3 86.S% 86.S% 84.0% 
s 81.S% 87.!1% 8S.S% 

1.S 88.!1% 88.!1% 87.S% 
10 90.2% 89.S% 88.S% 
1S 90.2% 91.0o/o 89.S% 
20 91.0% 91.0% 90.2% 

=annual operating hours of the pump 
= Actual installed 

lCooled··· 
6 - 'll 4 

~ . 
noor 1800 

80.0% 82.S% 
8S.S% 84.0% 
86.S% 84.0% 
81.S% 87.S% 
87.S% 87.S% 
89.S% 89.S% 
89.S% 89.S% 
90.2% 91.0% 
90.2% 91.0% 

= En«gy Savings Factor; assume a value of 15%65S. 

I( ~I 
· -~ 

3600 
1S.S% 
82.S% 
84.0% 
8S.S% 
87.!1% 
88.S% 
89.S% 
90.2% 
90.2% 

=Pump efficiency at desip point; if actual pump efficiency is unknown, assume program 
compliance efliciency as below: 

m1 '~M1a1m11111 iPDmp ~cy aJ,J.lesljia 
I" Polilt· .. , 

1.S 6S% 
2 6S% 
3 67% 
s 70'AI 

1.S 73% 
10 1S% 
l!I 77% 
20 77% 

Sammer Cotnddent Peak Demand Savtnp 

Where: 
CF 

AkW = (HP.-ir • LF • 0.746 / Tbaaear) • (ESF~ •CF 

= Summa Peak Coincidence Factor for measme 
=0.31656 

"' In many applications, the pump/motor assembly is oversized. For analysis pmposes, a typical 80% load factor is assumed; 
however, this assumption should be verified tbrougb evaluation if sipifi<:JUlt saviDp are ttalized tbrou8b prescriptive pumping 
eflicicac:y improvements. 
615 PUblisbed estimates of typical pumping efticiency improvements mage &om 10 to 20%. For analysis pwposes, assume 15%. 
Martin, N. et al., Bmqiag Bnergy-Rfficient IadusCria1 Technologies: New York stale P.clitioa, American Couacil for an Baeqy 
Rfficient Economy (ACHEE), Man:b 2001. 
OI Summer Peak Coincidenc:e Factor bas been pmaved &om the "Teclmical Refense Manual (TRM) fur Ohio Seoale Bill 221 
EnerBY .Eflicicac:y and Coaservatioa Program and 09-512-0E-UNC", October lS, 2009. 1bis is likely a comervative estimate, 
but is recommeaded for further study. 
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Fossil Fuel Impad Descrlptlous and Calcalatton 
n/a 

Water Impad Descriptions and Calcalatlon 
n/a 

J>etamed O&M Cost Adjustment Calcalatlon 
Dia 
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Efficient Air Compressors (Time of Sale) 

Descrlptton 

.Jlllllle EDCt Use 
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This measure relates to the iastalla1ion of an air compressor with a variable fi:equeacy drive, load/no load coldrols, 
or variable displacement controls. Baseline compressors choke off the inlet air to modulate the compressor output. 
which is not efficient. Efficient compressoIS use less energy at part load conditions. Demand curves are as per DOE 
data for a Variable Speed compressor veisus a Modulating compressor. This measure could relate to the replacing of 
an existing unit at the end of its usefbl life, or the installation of a new system in a new buildi:og (i.e. time of sale). 

DelbdUon or Eflldent Equipment 
In order for this characterization to ~· the efficient equipment is assumed to be an air compiasor with a variable 
1iequeDc:y drive, load/no load coldrols , or variable displacement controls. 

Delbdtlon or BaseUoe Equipment 
In order for this characterization to apply, the baseline equipment is assumed to be a modulating air compressor with 
blow down. 

Deemed Cakalatlon for tbls Measure 

Annual kWh Savings =BHP• 0.746 / ~ x HOURS x ESF 

Summer Coincident Peak kW Savings =Annual kWh Savings I HOURS • CF 

Deemed Lifetime of Eftldent Equipment 
The expected measure life is asSumed to be lS years 658

• 

Deemed Measure Cost 
The iDcremeotal capital costs for this measure should be detamioed on a case-by-case basis. For analysis pwposes. 
assume the incremental costs specified below: 

Deemed OlcM Cost Adjustments 
Dia 

Collld.denu Fador 
The summa peak coincidence factor for this measure is assumed to be 38%•. 

m For analysis p1llJJORS, it is assumed that tbe c:owpiessed air system with load I DO load controls utilizes 8ll air receiver with 8 

~e capacity of 5 pllons per c:ubic foot per minute of compressor capacity. 
6'11BasedOD8 review ofTRM asmmptions ftom Vermont, New Hampsbhe, Massachusetts, and Wisconsin. Bstimates range 
from 10 to 15 years. 
"'IDaaDeota1 cost estimates have been mamt.Uaed ftom the Wfedmical Refereoc:e Manual (TRM) for Ohio Senate Bill 221 
Energy Bfficiacy and Conservation Program 8Dd 09-512-0B-UNC", Octobet J 5, 2009, aad appear reasonable. However, future 
~ of these estimates is RlCOmmeoded as publisbed estimates of iDcnlmenta1 costs for efficient air coqnsson me scarce. 
., Slimmer Peak Coincidence Factor bas been pmerved fi'om the .. Tedmical Refelellce Manual (TRM) for Ohio Senate Bill 221 
BDqy Efficiency and CO.oservatioo Program 8Dd ()9.512-0E-UNC". October 15, 2009. 'Ibis is likely a co.aserwtive estimate, 
but is recommended for further study. 
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REFERENCE SECTION 

Calculation of Savlop 

Eneav Savlop 

Where: 
BHP 

0.746 
~ 

HOURS 

ESF 

t\kWh =BHP * 0. 746/11motor x HOURS x ESF 

= compressor motor full load brake horse-power 
= Actual installed 
= convcnion fitctor fi:om horse-power to kW (kW/hp) 
=compressor motor nameplate efficiency 
=Actual installed (if actual efficiency in unknown, assume 90%1161) 

=compressor total hours of operation 
= Actual installed 
= EDelJY Savinp Factor; depmdeat on compressor control type as below: 

€ontrolT 
Load/No Load 

17% 

Drive 26% 

Summer Coloddent Peak Demand Savlnp 
t\kW = t\kWb I HOURS •CF 

Where: 
CF = Summer Peak Coincideace Factor for measure 

= 0.38 Cl63 

FossU Fuel Impact Descriptions and Calculation 
n/a 

Water Impact Descrtptloas and CalcalaUoa 
n/a 

Deemed O&M Cost Adjustment CakalaUon 
n/a 

Referenced Documents: .. BHP Weighted Compressed Air Load Profiles - OH TRM.xls" 

..s Improvins Compressed Air System Paformaoce: A Sourcebook for Industry, U.S. Department of Energy, November 2003. 
• EDel'IY S8viDp Factors were developed using U.S. Department of Energy part load data for different compressor eoolrol 
types as well as load profiles from 50 fildWies employing air c:ompresson. See "BHP Weiabted CODJpRSSed Air Load Profiles -
OH TRM.xls" for SO'lfte data and c:ah:u1atioDs. 
m Sommer Peak Coiac:idence Factor has been preservecl from tbe "Techoical Reference Manual (TRM) for Ohio Senate Bill 221 
Energy BflicieDc:y and Comervati.OD Program and 09-512-0B-UNC", October lS, 2009. 1bis is likely a cooservative estimate, 
but is iecommeoded for further study. 
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Vending Machine Occupancy Sensors (Time of Sale, New Construction, 
Retrofit - New Equipment) 

J>tascrlpUon 
This measure relates to lhe installation of new coDllOls on refi:igaated beverage veudina machines, non-refrigerated 
snack vending machines, and glass front refrigerated coolers. Controls can sipificandy reduce lhe energy 
consumption of vendiug machine and refrigeration systems. Qualifying controls must power down lhese systems 
during periods of inactivity but. in the case of refrigerated machines, must always maintain a cool product lhat meets 
customer ~pectations. This meastn relates to lhe ins1allation of a new COll1rol on a new or existing uuit. This 
measure should not be applied to ENERGY STAR qualified vending machines, as they already have built-in 
controls. 

DeftDIUon or Eftldent Equipment 
ID order for this cbaracterizalion to apply, lhe efficient equipment is assumed to be a staodard efficiency refrigaated 
beverage vending machine, non-refrigerated snack vending machine. or glass froDl refi:igerated cooler with a control 
system capable of powering down lighting and refrigaation systems during periods of inactivity. 

Definition of BaseUne Equipment 
ID order for this cbaracterizaiion to apply, the baseline equipment is assumed to be a standard efficiency refrigerated 
beverage vending machine, non-refrigerated snack vending machine, or glass froDl refrigaated cooler without a 
control system capable of powering down lighting and refrigeration systems during periods of inactivity. 

Deemed Calculation ror this MflSOre 

Annual kWh Savings = 8760xWATI'Sbase/1000 x ESF 

Summer Coincident Peak kW Savings =O 

Deemed Lifetime of Ellldent Equipment 
The expected measure life is assumed to be 5 years 464• 

Deemed Measure Cost 
The actual measure installation cost should be used (including material and labor). but the following can be assumed 
for analysis pw:poses.s: 

Refrigerated Vending Machine: $215.50 
Non-Refrigeraled Vending Machine: $108.00 

Deemed O&M Cost AdjustmenCs 
n/a 

Colnddence Factor 
The summer peak coincidence 1Bctor for this measure is assumed to be ow. . 

.. Measure Life Study, piepared for tbe Massachusetts Joint Utilities, Energy & Resource Solutions, November 2005. 
"'2005 Database for EneflY·Efticieacy Raourc:es (DEER.), Version 2005.21. "Cost Data for SUppmtiDg Doc:umeots." 
• AssUmed Chat tbe peak period is coim:ident wilb periods ofbigb traffic ctiminisbing lbe demand reduc1ioD potential of 
occ:upm:y based controls. 
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CalcolaUon of Savlllp 

Eneqy Savlnp 

REFERENCE SECTION 

4kWh =WATISbase/ 1000 • HOURS• ESF 
Where: 
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WATI'Sbase =connected kW of the COBtrolled equipment; see table below for default values by 
coanected equipment type: 

1000 = conva-sion factor (Wlk.W) 
HOURS = operating hours of the connected equipment; assnrned that the equipment operates 24 

hours per day, 36S days per year 
=8760 

ESF =Energy Savings Factor; represents the pen:ent reduction in amma1 kWh coDSWDption of 
the equipment controlled; see table below for default values: 

Sommer Colnddent Peak Demand Savlllp 

4kvfA' =O 

Fosso Fuel Impad Descriptions and Calculatton 
Dia 

Water Impact Descriptions and Calculation 
Dia 

Deemed O&M Cost Adjustment Calculation 
Dia 

46% 
30% 

filf1 USA Tec:lmolopes BDergy Management Product Sheets, July 2006; cited September 2009. 4lt.tp:J/ 
httP:llwww.usatech.com/enelJY_maaagement/energy__productsheets.pbp> 
.. Ibid. 
• Assmnecl that the peak period is c:oincident wilb periods ofhigb traffic dlmjnjshlng lbe demand reduction potential of 
occupancy based controls. 
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Heat Pump Water Heaters (New Construction, Retrofit) 

BiiClUse 

DescrlpUon 
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This measure relates to the installation of a heat pump water heater (HPWH) in place of a standard electric water 
heater. HPWHs can be added to existing domestic bot water (DHW) systems to improve the overall efficiency. 
HPWHs utilize reftigmmts (like an air source beat pump) and have much higher coefficients of paformance (COP) 
than standard electric water beaters. HPWHs remove waste beat 1iom surrounding air sources and preheat the DHW 
supply system. HPWHs come in a variety of sizes and the size of HPWH will depend on the desired temperature 
output and amount of hot water needed by application. The savings from water heater beat pumps will depmd on the 
design, size (capacity), water heating requirements, building application and climate. This measure could relate to 
either a retrofit or a new installation. 

DellDIUon of Etlldent Equipment 
ID order for this characterization to apply. the efficient equipment is assumed to be a heat pump water heater with or 
without ID auxiliary water heating system. 

DellDlUon ofBaselloe Equipment 
In order for this characterization to apply, the baseline equipment is assumed to be a standard electric storage tank­
type water heater with a 1hermal efficiency of 98o/o. 1bis measure does not apply to natural gas-fired water heaters. 

De.med Calculation for this Measure 

Annual kWh Savings =(GPO• 365 • 8.33 • AT5 ) I (3413) • [(l!Eu-J-(1/COP)] 

Summer Peak Coincident kW Savings = (GPH • 8.33 • AT, ) I (3413) • [(l/Eu-) - (I/COP)] • CF 

Deemed Llfedme ofEMdent Equipment 
The expected measure life is assumed to be 10 years610

• 

Deemed Meanre Cost 
Due to the complexity of heat pump water heater systems, incremental capital costs should be determined on a case­
by-case basis. High capacity heat pump water heaters will typically have a supplemental healing source such as an 
electric resistance heater. For new construction applications, the inaanental capital cost for this measure should be 
calculated as the difference in installed cost of the emire heat pump water heater system including any auxiliary 
heatina systems and a standard electtic storage tank water heat.er of comparable capacity. For retrofit applications, 
the total installed cost of heat pump water heater should be used. 

Deemed OlcM Cost Adjustments 
o/a 

Coincidence Fador 
The summer peak coincidence filctor for this measure is assumed to be 6%tn1

• 

6'IO Estimates of measure life from utilities in tbe Northeast and the U.S. Department of.Energy vary from 10 to IS years. Assume 
10 years as a conservative estimate. 
~:J/www.ctsaveseoergy.orglfi)es/Measme%20Life%20Report%202007.pdf 
671 ~ecbnical Reference Manual (TRM) for Ohio Senate Bill 221 Bnergy Eftlcieacy and Cooservaticm Program and 09-S 12-0E· 
UNC', October IS, 2009. Based OD Ohio utility supply pro.files. 
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CalculaUon of Savtnp 

Energy Savings 

REFERENCE SECTION 
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l\kWH = (GPD • 365 • 8.33 • ATs ) I (3413) • [(llEt,--.)-(1/COP)] 

Where: 
GDP = average daily water consumption (plloos/day); determined from site-specific data. 
365 =conversion fitctor (days/year) 
8.33 =conversion &ctor (Btu/gallon-Of) 
AT, =average tempenUure difference between the supply cold water temperature and the hot 

water delivery temperature (0 F); determined from site-specific data. 
3413 =conversionfactor(BtulkWh) 
&.i- = baseline water heater thermal eflicie:m:y; characterization &SSUllle.s a value of 98%. 
COP =Coefficient of Performance of the heat pump water heater system, including any 

auxiliary water heatins systems. 
= Actual installed 

Summer ColDddeat Peak Demand SavlDp 

Where: 

l\kW = (GPH • 8.33 • ATs ) I (3413) • [(1/Eu-)-(1/COP)] •CF 

GPH = hourly water consumption (pllooslday); determined from site-specific data. 
CF = Summer Peak Coincidence Factor for measure 

=0.06'72 

Fossil Fuel Impact Descriptions ud Cakulatlon 
Diam 

Water Impact Descrlpttons ud Calculation 
Dia 

Deemed O&M Cost Adjustment Calculation 
n/a 

4172 "Tedmical R.eferellce Manual (TRM) for Ohio Senate am 221 Energy Eflic:ieacy and Conservation Propam and 09-.512-0E· 
UNC", October 1.5, 2009. Based OD Ohio utility supply profiles. 
673 lbe ioteractive e1fecta between space beating and cooliq RqUiremeots and heat pump water beaters have been oeglected for 
this charactaization but are candidates for 1bture study. Heat pumps remove waste beat fiom IUl'IOIJDdiDg air sources which can 
reduce cooliDg loads and increase heating loads if the heat pomp water beater fs located within a conditioned space. 
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Commercial Clothes Washer (Time of Sale) 

Description 
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High-efficiency cODD11ercial washers are intended for purchase and installation in laundromats. multi-family 
buildings and iostitutioos. These bigb-efticiency washers are nearly identical to residcotial models available in retail 
outlets, with minor ena:im'«ina cbaqes, such as the addition of a coin box. High-efficiency commacial washers 
typically save up to .SO percent of energy costs and use about 30 percent less water. 

DeflDIUon of Emdent Equipment 
The efficient equjpment is defined as a commercial-grade clothes washer meeting the mininrum efficiency standards 
for ENERGY STAR (MEF 2'.1.8)474• Also, for this characterization to apply the &cility where tbe equipment is 
installed must have an eleclric wata heater. 

DeautUon of BaseUne Equlpmtnt 
The baseline equipment for this measure is a commercial grade clothes washer that meets federal manufacturing 
standards (MEF ~ l.26). 

Deemed Calcalattons for this Measure 

Annual kWh Savings = Ak'Whz-s x 9.SO 

Summer C.oincidmt Pealt kW Savings =Dia 

Deemfd Lifetime of Emctent EqalplDfDt 
The eft'ective measure life for co1111Dettial-grade c1otbes washers is IO yearsm 

Deemfd Measu1-e Cost 
$347 per unit ENERGY STAR/CEE Tierl, $475 per uoit CEE Tia- 2, $604 per uuit CEE Tier 3~6 

Deemed OAM Cost Adjustments 
Dia 

Colndcleace Fador 
Dia 

CalcuJaUon of Savbap 

EDel'IY Savtap 

REFERENCE SECDON 

AkWh = Ak'Whz-s x Loadsy,. 

= The c:litfae:nce in electricity consumption per load of laundry between baseline 
equipment and efficient equipment 
=Dependent on energy source for washe/77: 

f7.4 BepmiDg in 2011 tbe criteria will be iaised to MEF >. 2.0 
m 2008 Dalabue for EnerJIY-EfBciency Resources (DEEll), Version 2008.2.0S, ''BffectiwlRemaining Usefbl Li1i: Values", 
616 2008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, "Cost Values and 5ummaJy [)octimentatioa", 
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