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0.003413 = conversion from kWh to MMBTU

HF = Heaugg Factor or perceatage of light savings that must be heated
=0.4s"

nHeat = averag heating system efficiency

AMMBTUyy  =((45.7/1000) * 1.0 * 869 * 0.003413 * 0.45)/0.72

=0.085 MMBtu

Deemed O&M Cost Adjustment Calculation
Inordatoacootmtforﬂ:eshnﬁmbasehneduetoﬂleFedenlLeg:slatxondlscmsedabove ﬂ:elevehzed
baseline replacement cost aver the lifetime of the CFL is calculated (see amp baseline saving
shift xIs). The key assumptions used in this calculation are documented below:

A TS R A S A e Standard ~ Efficent
i
lacement Cost £0.50 $2.00
Component Life (years) L Fld

(based on lamp life / assumed
annual run hours)

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

. |_ NPV ofbaseline Replacement Costs
L. » | 2010 | 2011 | 2012 | 2013om
21w+ $3.86 | $4.97 | $4.97 $4.97
16-20W $4.15 | $3.86 | $4.97 $4.97
15Wandless | $443 | $4.15 | $3.86 $4.97

Verslon Date & Revlslon mstory

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

"”I.e heanngloadsmamebyﬁ%of&eﬁghﬂgsavhgs(avmgemﬂtﬁmkﬂhﬂammodeﬁngofswﬂal
different configurations and OH locations of homes),

104 This has been estimated assuming that natural gas central furnace heating is typical for Ohio residences (65% of

East North Central census division has a Natural Gas Furnace (based on Energy Information Administration, 2005

Rmdm&nlEne:’gyCowmpuons\wvey-

In2000 mdmmncsmmhandmomommdmshg(buedmdmﬁmGAMA,mwdedtomea
Energy during the federal standard setting process). Assuming typical efficiencies for condensing and non condensing
fumace and duct losses, the average heating system efficiency is estimated as follows:
(0:400.92) + (0.6%0.8) * (1-0.15) = 0.72

Assumes rated life of incandescent bulb of approximately 1000 hours.
106 VEIC best estimate of future technology.
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Calculation of O&M Impact for Baseline

Measure Life
Real Discount Rate (RD§ 5:00%

__Bulb Assumptions |

inc Halogen |
Component 1 Life (years) 1 3

Component 1 Replacement Costl $0.50 $2.00

2010 Year 2010 2011 2012 2013 2014 2015 2016 2017
21W+ Baseline Replacement
16-20W Baseline Replacement Costs§’ $4
15W and less Baseline Replacement
2011 Year 2011 2012 2013 2014 2015 2016 2017 2018
21W+ Baseline Replacement Costsii 1 $4:97°
16-20W Baseline Replacement
15W and less Baseline Replacement
2012 2016 2017 2018 2019
21W+ Baseline Replacement Co $2.00 _ $0.00 3000 _ $2.00
16-20W Baseline Replacement Costs|
"
15W and less D00 $2.00 mg
-5
T5W andless 34:43 34:15 $386 | $4.97 é g
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Ceiling Fan with ENERGY STAR Light Fixture (Time of Sale)

Official Measure Code (Measure Number: X-X-X-X (Program name, End Use)

Description
This measure describes the installation of an ENERGY STAR ceiling fan that uses a high efficiency motor

and contains compact fluorescent bulbs in place of a standard fan with integral incandescent bulbs.

Definition of Efficient Equipment
The efficient equipment must be an ENERGY STAR certified ceiling fan with integral CFL bulbs.
Definition of Baseline Equipment
The baseline equipment is assumed to be a standard fan with integral incandescent bulbs.
Deemed Savings for this Measure
Average Annual Average Summer Average Annual Fossil Fuel Average Annual
KWH Savings per Coincident Peak kKW heating fuel savings Water savings per
unit Savi unit (MMBTU) per unit unit
2010 -2013 167 0.019 -0.33 n/a
2014 on 97 0.012 -0.19 n/a

Adjustment to annual savings within life of measure of 58% at 2014.

Deemed Lifetime of Efficient Equipment
The measure life is assumed to be 10 years'” g

Deemed Measure Cost
The incremental cost for the ENERGY STAR ceiling fan is $86'”.

Deemed O&M Cost Adjustments
The calculated net present value of the baseline replacement costs minus the CFL replacement cost for each
installation year are presented below. Note this is per fan (i.e. 3 bulbs):

P

;@akzi

Colincidence Factor
The summer peak coincidence factor for this measure is 0.11'%.

REFERENCE SECTION

Calculation of Savings

i/ mmcv STAR Ceuing Fan Savmgs Calmlator

= g
'aummnmuwmmmensmmmwmmmmumg
Markdown Impact Evaluation, Japuary 20, 2009”
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Energy Savings
AkWh = (Voow * (LOWKWigse - LOWKWee) + %omes * (MeAK Whase - MedKWee) + Yonign
* (HighK W - HighKWe)) * HOURSgy) + ((IncKW ~ CFLKW) * HOURSygy
* WHFe)
Where '®:
Yorom = Percent of time on Low Speed =40%
Yomes = Percent of time on Medium Speed =40%
Yorign = Percent of time on High Speed =20%
LowWattygse = Low speed baseline ceiling fan wattage =0.0152kW
LowWatte, = Low speed ENERGY STAR ceiling fan wattage =0.0117kW
MedWattygee = Medium speed baseline ceiling fan wattage =0.0348kW
MedWattee = Medium speed ENERGY STAR ceiling fan wattage =0.0314kW
HighWatty,.. = High speed baseline ceiling fan wattage =0.0725kW
HighWatt,, = High speed ENERGY STAR ceiling fan wattage =0.0715kW
HOURSg, = Typical fan operating hours (2.8/day"'°, 365 days peryear) = 1022 hours
IncWatt = Incandescent bulb kW (assumes 3 * 60W bulb) =0.180kW
CFLWatt = CFL bulb kW (assumes 3 * 20W bulb) = 0.060kW
HOURSjgn = Typical lighting operating hours (3.5/day, 365 days per year)= 1277.5 hours
WHFe = Waste Heat Factor for Energy to account for cooling savings from eﬂicxent

lighting. = 107"
AkWh =((0.4 * (0.0152-0.0117) + 0.4 * (0.0348 — 0.0314) + 0.2 * (0.0725 — 0.0715))
*1022) +((0.18 ~ 0.06) * 1277.5 * 1.07)

=167 kWh

Baseline Adjustment

Federal legislation stemming from the Energy Independence and Security Act of 2007 will require all
general-purpose light bulbs between 40 and 100W to be approximately 30% more energy efficient than
current incandescent bulbs, in essence beginning the phase out of standard incandescent bulbs. In 2012
100W incandescents will no longer be manufactured, followed by restrictions on 75W in 2013 and 60W in
2014. The baseline for this measure will therefore become bulbs (improved incandescent or halogen) that
meet the new standard.

To account for these new standards, first year annual savings for this measure must be reduced beginning in
2014. This measure assumes 60W baseline bulbs, which in 2014 will become 43W and so the annual
savings beginning in 2014 should therefore be:

AkWh = ((0.4 * (0.0152 — 0.0117) + 0.4 * (0.0348 — 0.0314) + 0.2 * (0.0725 — 0.0715))
* 1022) + ((0.129 — 0.06) * 1277.5 * 1.07)

‘"’Alldatapomts(tmlmothawmemted)eomeﬁommeENERGYSTARCeihngmegsCalunnm

EzPorEastNormCenmllouﬁon.

11 wWaste heat factor for energy to account for cooling savings from efficient lighting. The value is estimated at 1.07
(calculated as 1 +(0.64*(0.35/ 3.1)). Based on cooling loads decreasing by 35% of the lighting savings (average result
from REMRate modeling of several different configurations and OH locations of homes), assuming typical cooling
system operating efficiency of 3.1 COP (stasting from standard assumption of SEER 11 central AC unit, converted to
10.5 EER using algorithm EER = (SEER * 0.37) + 6.43 (based on Roberts and Salcido, Architectural Energy
Corporation, Feb 2008; “Peak Electric Demand Calculations in the REM/Rate Home Energy Rating Software and
REM/Design Home Energy Analysis Software"), converted to COP = EER/3.412 = 3.1COP) and assuming 64% of
homes have central cooling (East North Central census division from Energy Information Administration, 2005

Residential Enetgy Commpﬁon Survey-
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=97kWh

In addition, since during the lifetime of a CFL, the baseline incandescent bulb will be replaced multiple
times, the annual savings claim must be reduced within the life of the measure. Therefore, for bulbs
installed in 2010, the full savings (167kWh) should be claimed for the first four years, but the reduced
annual savings (97kWh) claimed for the remainder of the measure life. The savings adjustment is therefore
equal to 97/167 = 58%.

Summer Coincident Peak Demand Savings
AKW = (Yorw * (LOWKWigge - LOWKWee) + Yomeg * (MEAK Winge - MedKWee) + Yonign
* (HighKWg - HighKW,e)) + ((IncKW — CFLKW) * WHFd) * CF

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

lighti
=121 2

CF = Summer Peak Coincidence Factor for measure
=0.11

AKW  =((0.4* (0.0152—0.0117) + 0.4 * (0.0348 — 0.0314) + 0.2 * (0.0725 — 0.0715))
+((0.18—0.06) * 1.21) * 0.11

AKW  =0.019kW
After 2014, this will be reduced to:

AKW  =((0.4 * (0.0152-0.0117) +0.4 * (0.0348 - 0.0314) +0.2 * (0.0725 — 0.0715))
+((0.129-0.06) * 1.21) * 0.11

AKW  =0.012kW

Fossil Fuel Impact Descriptions and Calculation

MMBTUyn = (((AWatts) /1000) * HOURS * 0.003413 * HF) / nHeat
Where:
AMMBTUwr = gross customer annual heating MMBTU fuel increased usage for the measure
from the reduction in lighting heat.
0.003413 = conversion from kWh to MMBTU
HF = Heall!gg Factor or percentage of light savings that must be heated
=045
nHeat = avem&e heating system efficiency
=072™

112 waste heat factor for demand to account for cooling savings from efficient lighting. The value is estimated at 1.21
(calculated as 1 + (0.64 / 3.1)). Based on typical cooling system operating efficiency of 3.1 COP (starting from standard
assumption of SEER 11 central AC unit, converted to 10.5 EER using algorithm EER = (SEER * 0.37) + 6.43 (based
on Roberts and Salcido, Architectural Energy Corporation, Feb 2008; “Peak Flectric Demand Calculations in the
REM/Rate Home Energy Rating Software and REM/Design Home Energy Analysis Software™), converted to COP =
EER/3.412 = 3.1COP), and 64% of homes having central cooling (East North Central census division from Energy
Information Administration, 2005 Residential Energy Consumption Survey).

1131 e. heating loads increase by 45% of the lighting savings (average result from REMRate modeling of several
different configurations and OH locations of homes),

14 This has been estimated assuming that natural gas central furnace heating is typical for Ohio residences (65% of
East North Central census division has a Natural Gas Furnace (based on Energy Information Administration, 2005

Residential Energy Consumption Survey:
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MMBTUwr =(((120/1000) * 1277.5 * 0.003413 * 0.45) / 0.72
=0.33 MMBtu
After 2014, this will be reduced to:
MMBTUwg =(((69/1000) * 1277.5 * 0.003413 * 0.45) / 0.72
=0.19 MMBt

Water Impact Descriptions and Calcualation
n/a

Deemed O&M Cost Adjustment Calculation

In order to account for the shift in baseline due to the Federal Legislation discussed above, the levelized
baseline replacement cost over the lifetime of the CFL is calculated (see CFL Ceiling Fan baseline savings
shift xls). The key assumptions used in this calculation are documented below:

e I SR ?"’«%?? ~ Standard - Efficlent
TR S S A S Jl M Ek"‘zfzm SLLd
| Incandescent | Incandescent

i i &
Replacement Cost $0.50 $2.00
Component Life (years) 1% i
(based on lamp life / assumed
annual run hours)

The calculated net present value of the baseline replacement costs minus the CFL replacement cost for each
installation year are presented below. Note this is per fan (i.e. 3 bulbs):

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

In 2000, 40%6 of fumaces purchased in Ohio were condensing (based on data from GAMA, provided to Department of
Energy during the federal standard setting process for residential heating equipment). Furnaces tend to last up to 20
years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.
Assuming typical efficiencies for condensing and non condensing fumaces and duct losses, the average heating system
efficiency is estimated as follows: (0.4*0.92) + (0.60.8) * (1-0.15) = 0.72

113 Assumes rated life of incandescent bulb of spproximately 1000 hours.

118 VEIC best estimate of future technology.
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Calculation of O&M Impact for Baseline

_Bulb Assumptions
MeasureLifel 10 | Inc '@
Real Discount Rate (RD§ 0 75.00%) Component 1 Life (years) 1 3 8
Component 1 Replacement Co .50 $2.00 $3.50
2010 Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NPV

60w Baseline Replacement Costs

CFL Replacement Costs} $240 |

Net replacement costii= $1.9¢

2011 Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
eow

2012 Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
60w

2013 Year 2013 2014 2015 2018 2017 2018 2019 2020 2021 2022
80W
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Efficient Refrigerator - ENERGY STAR and CEE TIER 2 (Time of Sale)

=gy

Description
This measure relates to the purchase and installation of a new refrigerator meeting either

ENERGY STAR or CEE TIER 2 specifications (defined as requiring >= 20% or >=25% less energy
consumption than an equivalent unit meeting federal standard requirements respectively). This is a time of
sale measure characterization.

Definition of Efficient Equipment
The efficient condition is a new refrigerator meeting either the ENERGY STAR or CEE TIER 2
efficiency standards.

Definition of Baseline Equipment
The baseline condition is a new refrigerator meeting the minimum federal efficiency standard for
refrigerator efficiency.

Deemed Savings for this Measure
Efficiency | Refrigerator Average Annual Average Summer Average Annual Fossil Average Annual
Level Configuration | KWH Savings per | Coincident Peak kW | Fuel heating fuel savings Water savings
unit Savings per unit (MMBTU) per unit per unit
| Bottom Freezer 119 0.021
B;gigY Top Freezer 100 0.018 n/a n/a
Side by Side 142 0.025
CEE Bottom Freezer 149 0.026
TIER 2 Top Freezer 124 0.022 n/a n/a
Side by Side 177 0.031

Deemed Lifetime of Efficient Equlpment
The measure life is assumed to be 17 Years !

Deemed Measure Cost
The incremental cost for this measure is assumed to be $30'® for an ENERGY STAR unit and $140'" fora
CEE Tier 2 unit.

Deemed O&M Cost Adjustments
n/a

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

W7 consistent with Efficiency Vermont and New Jersey TRMs
i From ENERGY STAR ealmlator

Bwedmwdgbbdwuageofm&puMipaMngﬁﬁmqumMmymmdrehﬂeoﬁdaﬂpmMm
Depamnentofmgy “TECHNICALREPORT Analysis of Amended Energy Conservation Standards for Residential
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REFERENCE SECTION
Calculation of Savings
Energy Savings
AkWh = UECaAsg = UECEE
Where:
UECpase = Annual Unit Energy Consumption of baseline unit '*
Bottom Freezer = 596 kWh
Top Freezer =497 kWh
Side by Side =706 kWh
UECEe = Annual Unit Energy Consumption of ENERGY STAR unit (20% less)
Bottom Freezer =477 kWh
Top Freezer =397 kWh
Side by Side =564 kWh
Or = Anmual energy consumption of CEE Tier 2 unit (25% less)
Bottom Freezer =447 kWh
Top Freezer =373 kWh
Side by Side =529 kWh
AKWHgngRGY STAR
Bottom Freezer =596 —477
=119kWh
Top Freezer =497 -397
=100 kWh
Side by Side =706 - 564
=142 kWh
AKWHcge TiER 2
Bottom Freezer = 596 — 447
=149 kWh
Top Freezer =497-373
=124 kWh
Side by Side =706 — 529
=177kWh
Summer Coincident Peak Demand Savings
AKW =(AkWh/8760) * TAF * LSAF
Where:
TAF qnqemtme Adjustment Factor
=130
LSAF = Load Shape Adjustment Factor
=118'2

120 ' Wh assumptions for base condition are based on the average federal standard baseline usage for the range of
efficient units purchased through the Efficiency Vermont’s Residential Refrigerator program during 2009.

121 Temperature adjustment factor based on Blasnik, Michael, "Measurement and Verification of Residential
Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”, July 29, 2004 (p. 47). 1t assumes 64% of Ohio
honnsluvewﬂnlmeondmmmg.

122 ity load shape adjustment factor also based on Blasnik, Michael, "Measurement and Verification of Residential
Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”, July 29, 2004 (p. 48, extrapolated by taking the
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AKWENERGY STAR
Bottom Freezer =119/8760* 1.3 *1.18
=0.021 kW
Top Freezer =100/8760 * 1.3 * 1.18
=0.018 kW
Side by Side =142/8760* 1.3 *1.18
=0.025 kW
AKWeEs TiER 2
Bottom Freezer = 149/8760* 1.3 *1.18
=0.026 kW
Top Freezer =124/8760% 1.3 * 1.18
=0.022 kW
Side by Side =177/8760*1.3*1.18
=0.031 kW
Fossil Fuel Impact Descriptions and Calculation
n/a
Water Impact Descriptions and Calculation
n/a
Deemed O&M Cost Adjustment Calculation
n/a
Version Date & Revision History
Draft: Portfolio | _
Effective date: ate TR i
End date:
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ratio of existing summer to existing annual profile for hours ending 16 through 18, and mmitiplying by new annual

profile).
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Refrigerator Replacement (Low Income, Early Replacement)

This measure describes the early removal of an existing inefficient refrigerator from service, prior to its
natural end of life, and replacement with a new ENERGY STAR qualifying unit. This measure is suitable
for a Low Income or Home Performance program. Savings are calculated for the estimated energy
consumption during the remaining life of the existing unit.

Definition of Efficient Equipment
The efficient condition is a new replacement refrigerator meeting the ENERGY STAR efficiency standard
(defined as requiring >= 20% less energy consumption than an equivalent unit meeting federal standard

requirements).

Definition of Baseline Equipment

The baseline condition is the existing inefficient refrigerator for the remaining assumed useful life of the
mxt,andthmforthemmnderofﬂwmeasmehfemebasehnebecomsanewreﬁtgeratormeenngthe
minimum federal efficiency standard.

Deemed Savings for this Measure
Average Annual Average Summer Average Annual Fossil Fuel Average Annual
KWH Savings per | Coincident Peak kW heating fuel savings ‘Water savings per
uzit Savings per unit (MMBTU) per unit i

Remaining life 976 0.156 n/a n/a
of existing unit

(1% 8 years)

Remaining 100 0.018 n/a n/a

measure life
(next 9 years)

Deemed Lifetime of Efficient Equlpment
The measure life is assumed to be 17 Years '

Deemed Lifetime of Replaced (Existing) Equipment (for early replacement measures only)
The assumed remaining useful life of the existing refrigerator being replaced is 8 Years '

Deemed Measure Cost
The actual measure cost for removing the existing unit and installing the new should be used.

Deemed O&M Cost Adjustments

The net present value of the deferred replacement cost (the cost associated with the replacement of the
exxshngumththastandaxdlmtﬂmtwouldhavehad to have occurred in 8 years, had the existing unit not
been replaced) is calculated as $490.73'>

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

123 consistent with Efficiency Vermont and New Jersey TRMs

124 "RMA “Residential refrigerator recycling ninth year retention study”, 2004

135 Determined by calculating the Net Present Value (with a 5% discount rate) of the annity payments from years 9 to
17 ofadeﬁmdreplacqnmtofamdudeﬁMynmtcosﬁngsnso (ﬁmnENERGYSTARulqnawr
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REFERENCE SECTION
Calculation of Savings
Energy Savings
AKWh for remaining life of existing unit (1% 8 years) = UECexiging— UECs
AkWh for remaining measure life (next 9 years) = UECpase — UECps
Where:
UEC axisting = Unit Energy Consumption of existing refrigerator
=1,376 kWh 12
UECss = Unit Energ Consumption of new Energy Star refrigerator
=400 kWh
UEChpase = Unit En:rg Consumption of new baseline refrigerator
=500 kWh

AkWh for remaining life of existing unit (1 8 years) = 1376 — 400
=976 kWh
AkWh for remaining measure life (next 9 years) = 500 — 400
=100 kWh
To incorporate this baseline shift, multiply annual savings by a Savings Adjustment of 10% after 8 years.

Summer Coincident Peak Demand Savings
AKW  =(AkWh/8760) * TAF * LSAF

Where:
TAF emqganme Adjustment Factor
=1.30
LSAFexist =Loadsl§;°apeAdjusunentFactorf0texnsungm1t
=1.074
LSAFnew = Load Shape Adjustment Factor for new unit

=1.18 131

126 Based on regression-based savings estimates and incorporating the part-use factors, from Navigant Consulting,
“AEP Ohio Energy Efficiency/Demand Response Plan Year 1 (1/1/2009-12/31/2009) Program Year Evaluation Report:
Appliance Recycling Program”, March 9, 2010, and nmltiplied by in situ factor of 0.85 as discussed in Refrigetarot

Retirement measure.
w Appmximnte avemge oonsnnpnon of typieal ENERGY STAR reﬁlgemtot;

o Tmmmujnmm&wamnmmmmmmmdwnMnmofmm
Refrigerator Energy Use, Final Report, 2003-2004 Metering Study™, July 29, 2004 (p. 47). It assumes 64% of Ohio
honmhavecmualaircondmms

130 Daily load shape adjustment factor also based on Blasnik, Michael, "Measurement and Verification of Residential
Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”, July 29, 2004 (p. 48, using the average Existing
Units Summer Profile for hours ending 16 through 18)

B Daily load shape adjustment factor also based on Blasnik, Michael, "Measurement and Verification of Residential

Refrigerator Energy Use, Final Report, 2003-2004 Metering Study”, July 29, 2004 (p. 48, extrapolated by taking the
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AW for remaining life of existing unit (1® 8 years) = (1376/8760* 1.3 * 1.074) -
(400/8760 * 1.3 * 1.18)

=0.1499 kW
AKW for remaining measure life (next 9 years) =100/8760 * 1.3 * 1.18
=0.018 kW

Fossil Fuel Impact Descriptions and Calculation
n/a

Water Impact Descriptions and Calculation
n/a

Deemed O&M Cost Adjustment Calculation

The net present value of the deferred replacement cost (the cost associated with the replacement of the
ensungtmxtwuhastandardumttlmtwouldhavehadtohnveoccmredm 8 years, had the existing unit not
been replaced) is calculated as $490.73'%,

Verslon Date & Revlslon History

METL"E

mnoofadsﬁngsm:toexisﬁngmnlpmﬂeforhmmeuﬁng 16 through 18, and multiplying by new annual

17mDemlnimtlbyealculatinglileNethesentVallm(wiﬂmS‘n»disc.:onnuate)oftheannmitypaymt.am.sii’omyeaxsho
17 ofade&mdreplseanentofa stmdatﬂeﬁcimymitcosﬁngSllSO(ﬁomENERGYSTAlemmor
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Clothes Washer - ENERGY STAR and CEE TIER 3 (Time of Sale)

Official Measure Code (Measure Number: X-X-X-X(Program name, End Use)
Description

This measure relates to the purchase (time of sale) and installation of a clothes washer exceeding either the
ENERGY STAR or CEE TIER 3 minimum qualifying efficiency standards presented below:

Efficiency Level Modified Energy Factor (MEF) Water Factor (WF)
Federal Standard >=1.26 No requirement
ENERGY STAR >=20 <=6.0
(as of Jan 1, 2011)
CEE TIER 3 >=220 <=45

The modified energy factor (MEF) measures energy consumption of the total laundry cycle (washing and
drying). It indicates how many cubic feet of laundry can be washed and dried with one kWh of electricity;

the higher the number, the greater the efficiency.

The Water Factor is the number of gallons needed for each cubic foot of laundry. A lower number indicates
lower consumption and more efficient use of water.

Definition of Efficient Equipment
The efficient condition is a clothes washer meeting either the ENERGY STAR or CEE TIER 3 efficiency
criteria preseated above.

Definition of Baseline Equipment
The baseline condition is a clothes washer at the minimum federal baseline efficiency presented above.
Deemed Savings for this Measure
Average Annual Average Summer Average Annual Fossil Fuel Average Anmual
KWH Savings per Coincident Peak kW heating fuel savings Water savings (gal)
unit Savings per unit (MMBTU) per unit per unit
ENERGY 202 0.028 0.447 (NGas), 0.02 (Oil), 6,265
STAR 0.013
CEE TIER 3 233 0.033 0.516 (NGas), 0.023 (Oil), 7,160
0.015 (LP)

Deemed Lifetime of Efficient Eqnlpment
The measure life is assumed to be 11 years'>?

Deemed Measure Cost
The incremental cost for this measure is assumed to be $258'* for an ENERGY STAR unit and $372 for a

CEE TIER 3 unit'™.

Deemed O&M Cost Adjustments
n/a

133 ENERGY STAR calculator

P ENERGY STAR calculator (as above)
B’BasedonanEfﬁciencyVamontmmketﬂeldsmdyofmemenulcloﬂleswashucostbetwmnon-mugysmand
Tier 3 units, finding an average incremental cost to Tier 3 of $371.63.
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Coincidence Factor
The coincidence factor for this measure is assumed to be 0.045'¢.

REFERENCE SECTION

Calculation of Savings
Energy Savings
Savings are determined using Modified Energy Factor assumptions, applying the proportion of

consumption used for water heating, clothes washer and clothes dryer operation and then to the mix of
domestic hot water heating fuels and dryer fuels. Savings from reduced water usage are also factored in.

For the full calculation see Clothes Washer Work Sheet, but the key assumptions and their sources are
provided below:

Washer Volume = 3.23 cubic feet ¥/

Baseline MEF =1.26

ENERGY STAR MEF =20

CEE TIER 3 MEF =22

Number of cycles per year =320 138

% energy consumption for water heating, CW opemuon, Dryer operation
=26%, 7%, 67% ¥

Water savings per load '%
ENERGY STAR = 19.6 gallons
CEE TIER 3 =22.4 gallons

Community/Municipal Water and Wastewater pump kWh savings per gallon water saved
=0.0039kWh per gallon of water save'!

Ohio DHW ﬁnel mxx

'”CaluﬂatedﬁvmlhmeShpes,whicbis8760howlydatabymduseforUpstateNewYoskandadjustedfor0H
definitions.

”AveragaunitsizeﬁomEfﬁciencyVamm

"'WenghwdavetageofzoosResidenmlEnergyConsumpnonSmey(RECS)forEastNonhOamﬂCm

DetaminedmﬂngﬁnmgauompuloadasslmpnonﬁnmmeENERGYSTARukulamr, divndhgbywatufactor
gaﬂonspecubic foot) to get cubic feet assumption and multiplying by each efficient case water factor.

Efficiency Vennont analysis of Commmunity/Municipal Water and Wastewater pump energy consumption showed
0.0024 kWh pump energy consumption per gallon of water supplied, and 0.0015 kWh consumption per gallon for
waste water treatment.
'“zmmwmmwym)meNmCmuﬂCmmom
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Ohio Dn fuel

AKkWHpERGY STAR =202 kWh

AkWHcer TR 3 =233kWh
Summer Coincident Peak Demand Savings

AkW = AkWh/Hours * CF

Where:
Hours = Assumed Run hours of Clothes Washer
=320
CF = Summer Peak Coincidence Factor for measure
=0.033 14
AKWeNERGY STAR =202/320 *0.045
=0.028 kW
AKWerE TR 3 =233 /320 * 0.045
=0.033 kW

Fossil Fuel Impact Descriptions and Calculation

For calculation see Clothes Washer Work Sheet. Savings are based on the mix of domestic hot water
heating fuels and Dryer fuels.

ENERGY STAR unit:
MMBtu Savings Natural Gas =0.447 MMBtu
MMBtu Savings Oil =0.02 MMBtu
MMBtu Savings Propane =0.013 MMBtu
CEE TIER 3 unit:
MMBHtu Savings Natural Gas =0.516 MMBtu
MMBtu Savings Oil =0.023 MMBtu
MMBtu Savings Propane =0.015 MMBtu

Water Impact Descriptions and Caiculation
For calculation see Clothes Washer Work Sheet.

'°2mmdmﬁumycmmﬁmmymmmrmnmomw0mmmm

: Buedonasmnpﬁonflhumpercycle. #cyclawonwughtedmgeofzoos Residential Energy
ConmmphonSmwy(RECS)forEas(NmthCenmlCmDivisim(ueCWkaSheet)

c:ammmmmeshapes,wm:ssvcouomtydmbymnusefompmm:ewmkmdm,wedfaon
peak definitions.
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ENERGY STAR unit:

Water Savings = 6,265 gallons
CEE TIER 3 unit:

Water Savings = 7,160 gallons
Deemed O&M Cost Adjustment Calculation
na
Reference Tables

On the following page is the embedded Clothes Washer calculation spreadsheet. Double click on the
window to open the Excel worksheet and follow the formulae.

Version Date & Revlslon Hlstory
Draft:
Effective date:
End date:

(11 K MR

é-ﬂ,‘“ ‘:‘3"-1 €

will cease to bé’” ffective (or TBD

2010 Ohio Technical Reference Manual - August 6, 2010 62
Vermont Energy Investment Corporation



Clothes Washer Work Sheet -ENERGY STAR and CEE TIER 3

1. Calculate kW h savings per year per machine:

kWh Savings per machine = Washer me*® (1/BaseMEF - 1EFFMEF)* 8Cycles
ENERGY STAR aoa.?l
CEE TIER 3] .1
Where: Source:
Washer Volume 3.23 Average of Efficltency Vermont program
Base MEF 1.268 Federal Standard
ESTAR MEF 2 Energy Star minimum standard (as of Jan 1 2011)
CEE TIER 3 MEF 2.2 GEE Tier 3 Standard
# Cycles

2. Divide savings by end use for washer and dnor ogondon:
" - urces.

LR LW ). ‘s 11 L- YT {1 thildy

320 Weighted average of 2005 Residental E nergy Consumption Survey (RECS) for EastNorth Central Census Division

0.0

1. www.eem. one 19y.gowbuilding o/app iance_sta
Electricity Consumption Electrictty ol é ny. : un_ooohg_r.;’; .
by End Use for Cansumpton Chepter 4, Englnesring Anslysts, Tabb 4.1
Washer/Dryer Operation JPercontby EndUse | Electric Gas oil Electric Gas on 20 4-5 i
Watsr Heating 26% 78.8 0.34 0.34 1.0 0.39 0800 8nergy.govibuidingsapplisn ce_stand
CW Machine Operaton 7% 21.2 LTa nia 24.5 nia_ rds/re siden tal/pdfs/chapiar_4_engheering.pdf
Dryer ‘ 87% 2038.1 OQO nla 4.6 0.80
Total E!!z ' o I gi!i ::

3. Calculate Water Pump Savinge

4. Multiply savings by DHW and Dryer Fue) Mix

Annpel Water Savingsiioad J| 198 N 224  [JGal Calculated based on ENERGY STAR calculator (hitp://www.energystar.gov/ia/business/bulk_purchasing/bps
Annual Gallonssaved N 6265 ¥ 7160 }Gal Calculated
Annual CCF 8.4 [ 96 JCCF Calculated

: kWh 0.0039kW h savings per galion saved - based on Efficlency Vermont analysis of communitymunicipal wa®er :

Ohlo assumed D HW fuel mix 2= Ohio assumed Dryer mix O =R
Electric 27% [__Electric | | kWh'Savings | 202:0°  §° 2330 |
Naturel Gas _ ~83% Notural Gag]  34% | — NatwralGas |
6% _ == 00200 N 0.023 |

Fropans % |
e Todl culegory B sl 5raparionslely Between tiels)

=
3
T
% of Milion % of g 0
DHW Fu Million homes ___homes Dryer Fuel __home hom el
lectic 8.1 27% Electic | 98 68 e
11.9 63% | NaturaiGag & s8Z
1] %] 6% 14.9 ;
m : %] L
18.8 § g §

-
g2 8
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ENERGY STAR Dehumidifier (Time of Sale)

Official Measure Code (Measure Number: X-X-X-X(Program name, End Use)

Description
A dehumidifier meeting the minimum qualifying efficiency standard established by ENERGY STAR on
10/1/2006 is purchased and installed in a residential setting in place of a unit that meets the minimum federal

standard efficiency.

Definition of Efficlent Equipment
To qualify for this measure, the new dehumidifier must meet the ENERGY STAR standards as of 10/1/2006 as

defined below:

| e
S ]

523
>25 to <35
> 35 to <45
>45t0<54
>354t0<75

>75t0<185

Definition of Baseline Equipment
The baseline for this measure is defined as a new dehumidifier that meets the Federal Standard efficiency

standards as defined below:

> 25 to <35 2>1.20
> 35 to <45 21.20
>45t0 <34 __>123
>54t0<75 >1.55
> 75 to < 185 _21.90
Deemed Savings for this Measure
Capacity Range Average Annual Average Summer Average Annual Fossil Fuel Average Annual
(pints/day) KWH Savings per upit | Coincident Peak kW heating fuel savings Water savings per
Savings per unit _(MMBTU) per unit unit
<25 54 0.012
> 25 to 35 117 0.027
> 35 to <45 213 0.048 W ofi
>45t0< 54 297 0.068
>54t0<75 185 0.042
>75 to < 185 374 0.085
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Deemed Lifetime of Efficient Equipment
The assumed lifetime of the measure is 12 years'*

Deemed Measure Cost
The assumed incremental capital cost for this measure is $45'%
Deemed O&M Cost Adjustments
na
Coincidence Factor
The coincidence factor is assumed to be 0.37 '
REFERENCE SECTION
Calculation of Savings
Energy Savings
AKWH = (Av Capacity * 0.473) / 24 * Hours / L/AWh
Where:
0473 = Constant to convert Pints to Liters
Hours = Run hours per year
=1620"
LXWh = Liters of water per kWh consumed
= As provided in tables above

Annual kWh calculation results for each capacity class presented below:

>25to <35 30 684 802 117
> 35 to <45 40 851 1064 213
>45t0<54 49.5 988 1285 297
>54t0<75 64.5 1144 1329 185
>75t0<185 92.8 1185 1559 374

Summer Coincident Peak Demand Savings
AKW = AkWh/Hours * CF

Where:
CF = Sumz!n:r Peak Coincidence Factor for measure
=0.37

e BNBRGY STAR Dehmdlﬁer cmm

Asametmgeiswedydbﬁbmddaywmghgweekmdwwakdaymdwusedbuwemmwmemdof
September (4392 possible hours). 1620 operating hours from ENERGY STAR Dehumidifier Calculator. Coincidence peak
during summer peak is therefore 1620/4392 = 36.9%

“’mmrsmnnehmnmﬁercmmm

2010 Ohio Teehmcal Refetence Manual = August 6, 2010 ; e R
Vermont Energy Investment Corporation



KyPSC Case No. 2014-00280
STAFF-DR-01-028 Attachment
Page 66 of 397

> 25 to <35 30 0.156 0.182 0.027
>35t0 <45 40 0.194 0.242 0.048
>45t0<54 49.5 0.225 0.293 0.068
>54t0<75 64.5 0.261 0.303 0.042
>75t0<185 92.8 0.270 0.355 0.085

Fossil Fuel Impact Descriptions and Calculation
n/a

Water Impact Descriptions and Calculation
n/a

Deemed O&M Cost Adjustment Calculation
na

Version Date & o History

150 Agoume usage is evealy distributed day vs night, weekend vs weekday and is used between April through the end of
September (4392 possible hours). 1620 operating hours from ENERGY STAR Debumidifier Calculator. Coincidence peak
during summer peak is therefore 1620/4392 = 36.9%6
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ENERGY STAR Room Air Conditioner (Time of Sale)

Officlal Measure Code (Measure Number: X-X-X-X (Program name, End Use}

Description
This measure relates to the purchase and installation of a room air conditioning unit that meets either the

ENERGY STAR or CEE TIER 1 minimum qualifying efficiency specifications, in place of a baseline unit
meeting minimum Federal Standard efficiency ratings presented below:

Product Class (BtuH) Federal Standard ENERGY STAR CEE TIER 1
(EER) _(EER) (EER)
8,000 to 13,999 >=9.8 >=10.8 >=11.3
Definition of Efficient Equipment

To qualify for this measure the new room air conditioning unit must meet either the ENERGY STAR of CEE
TIER 1 efficiency standards presented above.

Definition of Baseline Equipment
The baseline assumption is a new room air conditioning unit that meets the current minimum federal efficiency
standards presented above.

Deemed Savings for this Measure
Average Annual Average Summer Average Annual Fossil Fuel Average Annual
KWH Savings per unit | Coincident Peak kW heating fuel savings Water savings per
M___ML__‘““‘ ot it o R
ENERGY 18.7 0.024 n/a n/a
STAR
CEE TIER 1 26.8 0.035 n/a n/a

Deemed Lifetime of Efficient Equipment
The measure life is assumed to be 12 years !,

Deemed Measure Cost
The incremental cost for this measure is assumed to be $40 for an ENERGY STAR unit and $80 for a CEE

TIER 1 unit !

Deemed O&M Cost Adjustments
n/a

Coincidence Factor
The coincidence factor for this measure is assumed to be 0.315.

REFERENCE SECTION

Calculation of Savings

"‘Mmmmmmmmmcwmmmmnucmcosmm,mezooz

Basedonﬁeldcomwdbyﬂfﬁcmyvm o
133 Consistent with coincidence factors found in:
RLWRMFMRW@MMFWMMMMMMCM&M&MZS 2008
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Energy Savings
AKWH = (Hours * BtuH * (1/EERbase - 1/EERee))/1000
Where:
Hours = Full }‘nad Hours of room air conditioning unit
= 233
BtuH vaage size of rebated unit
= 8500"
EERbase = Eﬁcnency of baseline unit
=9 8%
EERee = Efﬁcxency of ENERGY STAR unit
=108"
Or = Eﬁcxency of CEE Tier 1 unit
=11.3'8
AkWHpNeRGY STAR
=(233 * 8500 * (1/9.8 — 1/10.8)) / 1000
=18.7kWh
AKWHcrE TIER 1

= (233 * 8500 * (1/9.8 — 1/11.3)) / 1000
=26.8 kWh

Summer Coincident Peak Demand Savings
AkW = BtuH * (1/EERbase - 1/EERee))/1000 * CF

Where:
CF = s“‘}}',n“ Peak Coincidence Factor for measure
=03
AKWENERGY STAR
= (8500 * (1/9.8 — 1/10.8)) / 1000 * 0.3
=0.024 kW
AKWere TIER 1

=(8500 * (1/9.8 — 1/11.3)) /1000 * 0.3
=0.035 kW

Fossil Fuel Impact Descriptions and Calculation
n/a

Water Impact Descriptions and Calculation
na

154 The average ratio of FLH for Room AC (provided in RLW Report: Final Report Coincidence Factor Study Residential
RoomAerondlhommnezs 2008

-/ WY gVsta a/busk urchasing/bosavings : : mSI%mt’actorwasapphedto
ﬂuﬂﬁﬁorCen&alCoolingpmwdedforOHcmamdwmgadtomupwiththeasunnphonforFLwaRmAC
13 Based on maximum capacity average from the RLW Report: Final Report Coincidence Factor Study Residential Room
Air Conditioners, June 23, 2008.

136 Minimum Federal Standard for capacity range

‘”MmmmmumgmmmmmoYsrAk

138 Minimum qualifying standard for CEE Tier 1.

% Consistent with coincidence factors found in:

RLWRzpon FlmlReponOoinmdenceFacmsmdyRemdenﬂaIRoomAnCondmonem,JmeE 2008
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Deemed O&M Cost Adjustment Calculation
n/a
Version Date & Revision History
e ' lio :
69
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ENERGY STAR Room Air Conditioner Replacement (Low Income, Early
Replacement)

Official Measure Code (Measure Number: X-X-X-X (Program name, End Use)
Description

This measure describes the early removal of an existing inefficient Room Air Conditioner unit from service,
prior to its natural end of life, and replacement with a new ENERGY STAR qualifying unit. This measure is
suitable for a Low Income or a Home Performance program. Savings are calculated between existing unit and
efficient unit consumption during the remaining life of the existing unit, and between new baseline unit and
efficient unit consumption for the remainder of the measure life.

Definition of Efficient Equipment
The efficient condition is a new replacement room air conditioning unit meeting the ENERGY STAR efficiency
standard (i.e. with an efficiency rating greater than or equal to 10.8EER).

Definition of Baseline Equipment

The baseline condition is the existing inefficient room air conditioning unit for the remaining assumed useful
life of the unit, and then for the remainder of the measure life the baseline becomes a new replacement unit
meeting the minimum federal efficiency standard (i.e. with an efficiency rating greater than or equal to
9.8EER).

Deemed Savings for this Measure
Average Annual Average Summer Average Annual Fossil Fuel Average Annual
KWH Savings per unit | Coincident Peak kW heating fuel savings Water savings per

Savings per unit (MMBTU) per unit unit

Remaining 73.8 0.095 n/a n/a
useful life of
existing unit

|___(3 years)

Remaining 18.7 0.024 n/a n/a
Measure Life
(next 9 years)

Deemed Lifetime of Efficient Equipment
The measure life is assumed to be 12 Years'®.

years'®,

Deemed

The actual measure cost for removing the existing unit and installing the new should be used.

Deemed Lifetime of Replaced (Existing) Equipment (for early replacement measures only)
The assumed remaining useful life of the existing room air conditioning unit being replaced is 3

Measure Cost

Deemed O&M Cost Adjustments
The net present value of the deferred replacement cost (the cost associated with the replacement of the existing
unit with a standard unit that would have had to have occurred in 3 years, had the existing unit not been

‘”MWMMMWMCWMDMMHVACMGDSMM, June 2007.

' BasedonConnectientTRM Cmmmmmymwmmmavmmonfor
2008 Program Year
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replaced) should be calculated as (Actnal Cost of ENERGY STAR unit - $50 (incremental cost of ENERGY
STAR unit over baseline unit'®) * 699,'®

Colncidence Factor

The coincidence factor for this measure is assumed to be 0.3'%.
REFERENCE SECTION

Calculation of Savings

Energy Savings

AkWh for remaining life of existing unit (1 3 years)
= (Hours * BtuH * (1/EERexist - 1/EERee))/1000

AkWh for remaining measure life (next 9 years)
= (Hours * BruH * (1/EERbase - 1/EERee))/1000

Wheze:

Hours = Full Load Hours of room air conditioning unit
= 233

BtuH 5: size of rebated umit
= 8500

EERexist = Efﬁcmlcy of baseline unit
=

EERbase = Eﬂiamcy of baseline unit
=9 g'®

EERee = Efficiency of ENERGY STAR unit
=10. 81@

AkWh for remaining life of existing unit (1* 3 years)
=(233 * 8500 * (1/7.7 - 1/10.8)) / 1000
=73.8 kWh

AkWh for remaining measure life (next 9 years)
= (233 * 8500 * (1/9.8 — 1/10.8)) / 1000

M From ENERGY STAR ealcuma (‘ENERGY STAR $220, Basel.ine sno),

: GmismeMOofﬂleNetPluentVahw(witha5%d:seountmte)ofthcmmﬁtypaymmﬁomyeus4t0120fa
deferred replacement of a standard efficiency unit costing $170, divided by the standard efficiency unit cost ($170). The
calculation is done in this way to allow the use of the known ENERGY STAR replacement cost to calculate an appropriate
baseline replacement cost.

164 Consistent with coincidence factors found in:
MWMMWCMMFumMRHMﬂRmMCMhmImB 2008

iﬂl‘hznmgemﬁoofmfornmAC(pmidedinRLWRepm: Final Report Coincidence Factor Study Residential
RoomAerond!donels,JuneZS 2008

tbeF[Ht‘orCenu'alCoolingpmvidedforOHuues mdaveragedtoeomeupwnhﬂleasslmpuonforﬂnfornmmAC
166 Based on maximum capacity average from the RLW Report; “Final Report Coincidence Factor Study Residential Room
Air Conditioners, June 23, 2008.”

"'BandonNmMarketRmhlnc,RLWAnalyﬂcs December 2005; “Impact, Process, and Market Study of the
Connecticut Appliance Retirement Program: Overall Report.”

168 \inimum Federal Standard for capacity range

1® Minimum qualifying standard for ENERGY STAR
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=18.7kWh

Summer Coincident Peak Demand Savings
AkW for remaining life of existing unit (1* 3 years)
= (BtuH * (1/EERexist - 1/EERee))/1000 * CF

AkW for remaining measure life (next 9 years)
= (BtuH * (1/EERbase - 1/EERee))/1000 * CF

CF = Sm{%na Peak Coincidence Factor for measure
=03

AKW for remaining life of existing unit (1% 3 years)
= (8500 * (1/7.7 — 1/10.8)) / 1000 * 0.3
=0.095 kW

AkW for remaining measure life (next 9 years)
= (8500 * (1/9.8 — 1/10.8)) / 1000 * 0.3
=0.024 kW

Fossil Fuel Impact Descriptions and Calculation
n/a

Water Impact Descriptions and Calculation
n/a

Deemed O&M Cost Adjustment Calculation

The net present value of the deferred replacement cost (the cost associated with the replacement of the existing
unit with a standard unit that would have had to have occurred in 3 years, had the existing unit not been
replaced) should be calculated as (Actual Cost of ENERGY STAR unit - $50 (incremental cost of ENERGY
STAR unit over baseline unit'™) * 69%'™.

Verslon Date & Revlslon Hlstory

™ Consistent with coincidence factors found in:
RLWRepon mecmrmsmdymmnmmmnmmmn 2008

69%1sthemhoofﬂneNetPreanalue (widus%discountmte) ofthemﬁtypaymmts ﬁomyursuo 12 ofa
deferred replacement of 8 standard efficiency unit costing $170, divided by the standard efficiency unit cost ($170). The
calculation is done in this way to allow the use of the known ENERGY STAR replacement cost to calculate an appropriate
baseline replacement cost.
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ENERGY STAR Room Air Conditioner Recycling (Early Retirement)

Official Measure Code (Measure Number: X-X-X-X (Program name, End Use)

Description

This measure describes the savings resulting from running a drop off service taking existing inefficient Room
Air Conditioner units from service, prior to their natural end of life. This measure assumes that a percentage of
these units will be replaced with a baseline standard efficiency unit (note that if it is actually replaced by a new
ENERGY STAR qualifying unit, the savings increment between baseline and ENERGY STAR will be recorded
in the Efficient Products program).

Definition of Efficient Equipment

n/a. This measure relates to the retiring of an existing inefficient unit.

Definition of Baseline Equipment

The baseline condition is the existing inefficient room air conditioning unit.

Deemed Savings for this Measure

Average Annual Average Summer Average Annual Fossil Fuel Average Annual
KWH Savings per unit | Coincident Peak kW heating fuel savings Water savings per
Savings per unit (MMBTU) per unit unit
103.6 0.906 n/a n/a

Deemed Lifetime of Replaced (Existing) Equipment (for early replacement measures only)
The assumed remaining useful life of the existing room air conditioning unit being retired is 3 Years.

Deemed Measure Cost
The actual %umtanon cost for recycling the existing unit plus the cost for the replacement of some of the
units of $129

Deemed O&M Cost Adjustments

The net present value of the deferred replacement cost (the cost associated with the replacement of those units
thatwouldbereplaced,wnhastandardmttlmtwoﬂdhavehadtohnveoccurredm3yeaxs,hndtheexxsnng
unit not been replaced) is calculated as $89.36'™.

Coincidence Factor
The coincidence factor for this measure is assumed to be 0.3'”.

173 This is calculated by multiplying the percentage assumed to be replaced — 76% (from Based on Nexus Market Research
Inc, RLW Analytics, December 2005; “Impact, Process, and Market Study of the Connecticut Appliance Retirement
Program. Ovemll Repon") by the assumed cost of a standmdeﬁcnency unit of $170 (ENERGY STAR calculator;

SIRYS 0 : ; . rCo eIR AC xls). 0.76 * 170 =

$1202.
’”DemminedbycalculaﬁngdxeNetPresentValue(withaS%diseomtme)oftheanm:itypaymmtsﬁomyeats“o 12 of
a deferred replacement of a standard efficiency unit costing $170 muitiplied by the 76%, the percentage of units being
rq;lu:ed(x.e. 016‘3170=51292 BmelineeostﬁomENERGYSTAchulator

Consistanwﬁheomddenoeﬁcmﬁnmdin. S
RLWReport mwmmemswymmnmucmmmzs 2008
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REFERENCE SECTION

Calculation of Savings

Energy Savings
AkWh =KkWheis — (Yareplaced * kWhoeotase)

= ((Hours * BuH * (1/EERexist))/1000) - (%replaced * ((Hours * BuH *

(1/EERunewbase))/1000)
Where:

Hours = Full Load Hours of room air conditioning unit
= 233

BtuH #e size of rebated unit
= 8500‘

EERexist = Eﬁclency of baseline unit
=77

%replaced = Percmtage of units dropped off that are replaced
=76%'"

EERbase = Efﬁcnency of baseline unit
=98'®

AKkWh =((233 *8500 * (1/7.7)) / 1000) — (0.76 * ((233 * 8500 * (1/9.8)) / 1000)
=103.6 kWh
Summer Colncident Peak Demand Savings
AKW = (kWeng — (%replaced * kWorgtns)) * CF

= ((BtuH * (1/EERexist))/1000) - (%replaced * ((BtuH * (1/EERnewbase))/1000) *
CF

CF = Smg:lner Peak Coincidence Factor for measure
=03

178 The average ratio of FLH for Room AC (provided in RLW Report: Final Report Coincidence Factor Study Residential
RomnAnCondihonus,hmezti 2008

tp: /i XVELE 15iness S AC x18) is 31%. This factor was applied to
theFuiforcmnalCoohngpmv:dedforOchmandmgedtoeomcwwxﬂ;ﬂuasannpﬁonforﬂﬂforkmAC.
17 Based on maximum capacity average from the RLW Report; “Final Report Coincidence Factor Study Residential Room
Air Conditioners, June 23, 2008.”

17 Based on Nexus Market Research Inc, RLW Analytics, December 2005; “Impact, Process, and Market Study of the
Connecticut Appliance Retirement Program: Overall Report.”

™ Based on Nexus Market Research Inc, RLW Analytics, December 2005; “Impact, Process, and Market Study of the
Connecticut Appliance Retirement Program: Overall Report.” Report states that 63% were replaced with ENERGY STAR
units and 139 with non-ENERGY STAR. However this formula assumes all are non-ENERGY STAR since the increment
of savings between baseline units and ENERGY STAR would be recorded by the Efficient Products program when the new
unit is purchased.

18 Minimum Federal Standard for capacity range

18! Consistent with coincidence factors found in:

RLWRepoﬂ FMWC&WFWSWR&WRMMCM&M,M% 2008
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AKW  =((8500 * (1/7.7)) / 1000) — (0.76 * ((8500 * (1/9.8)) / 1000) * 0.3
=0.906 kW

Fossil Fuel Impact Descriptions and Calculation
n/a

Water Impact Descriptions and Calculation
n/a

Deemed O&M Cost Adjustment Calculation

The net present value of the deferred replacement cost (the cost associated with the replacement of those units
that would be replaced, with a standard unit that would have had to have occurred in 3 years, had the existing
unit not been replaced) is calculated as $89.36'%2.

Vers!on Date & Revlslon HMory

Eﬁ'ecnve date:
End date:

‘v . |=I b‘ 4-0~v"
e TRM will coas o b effeciv (o TED)

'2 Determined by calculating the Net Present Value (with a 5% discount rate) of the annuity payments from years 4 to 12 of
a deferred replacement of a standard efficiency unit costing multiplied by the 76%, the percentage of units being replaced
(ie. 0.76 * $170= 5129.2 anelinecostﬁomENERGYSTARealctﬂator

2010:0hi5 Taohinlcal Refsraios Manuar ARGt 62040 = '~ = T 15
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Smart Strip Power Strip (Time of Sale)

B L e

Official Measure Code (Measure Number: X-X-X-X{

Description
This measure relates to Controlled Power Strips (or Smart Strips) which are nmulti-plug power strips with the

ability to automatically disconnect specific connected loads depending upon the power draw of a control load,
also plugged into the strip. Power is disconnected from the switched (controlled) outlets when the control load
power draw is reduced below a certain adjustable threshold, thus turning off the appliances plugged into the
switched outlets. By disconnecting, the standby load of the controlled devices, the overall load of a centralized
group of equipment (i.e. entertainment centers and home office) can be reduced. Uncontrolled outlets are also
provided that are not affected by the control device and so are always providing power to any device plugged
into it. This measure characterization provides savings for a 5-plug strip and a 7-plug strip.

Definition of Efficient Equipment

The efficient case is the use of a 5 or 7-plug smart strip.

Definition of Baseline Equipment

The assumed baseline is a standard power strip that does not control connected loads.

Deemed Savings for this Measure

Average Annual Average Summer Average Annual Fossil Fuel Average Annual
KWH Savings per unit | Coincident Peak kW heating fuel savings ‘Water savings per
Savings per unit (MMBTU) per unit unit

5-Plug 56.5 0.0063 n/a n/a
7- Plug 102.8 0.012 n/a n/a

Deemed Lifetime of Efficient Equipment
The assumed lifetime of the smart strip is 4 years'™.

Deemed Measure Cost
The incremental cost of a smart strip over a standard power strip with surge protection is assumed to be $16 for
a 5-plug and $26 for a 7-plug'™®.

Deemed O&M Cost Adjustments
n/a

Coincidence Factor
The summer peak coincidence factor for this measure is assumed to be 0.8!%5,

REFERENCE SECTION

Calculation of Savings

18 avid Rogers, Power Smart Engineering, October 2008; “Smart Strip electrical savings and usability”, p22.

184 price survey performed in NYSERDA Measure Characterization for Advanced Power Strips, p4

183 Efficiency Venmont coincidence factor for smart strip measure —in the absence of empirical evaluation data, this was
based on assumptions of the typical run pattern for televisions and computers in homes.
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Energy Savings '*
AkWhs pig =56.5 kWh
AKWhi py =102.8kWh
Summer Coincident Peak Demand Savings
AkW = AkWh/ Hours * CF
Where:

Hours = Annual number of hours during which the controlled standby
loads are turned off by the Smart Strip.
=7,129'%

CF : (S;:}?“ Peak Coincidence Factor for measure

AKWS pyg =56.5/7129*0.8

=0.0063 kW
AKW7.p10g =102.8/7129 % 0.8
=0.012kW
ll:/ossll Fuel Impact Descriptions and Calculation
a
gater Impact Descriptions and Calculation
a
nDIeemed O&M Cost Adjustment Calculation
a

Version Date & Revlsl_onr History

1%6 Baged on: NYSERDA Measure Characterization for Advanced Power Strips
187 Average of hours for controlled TV and computer from; NYSERDA Measure Characterization for Advanced Power

Strips

188 pfficiency Vermont coincidence factor for smart strip measure ~in the absence of empirical evaluation data, this was
based on assumptions of the typical run pattern for televisions and computers in homes.
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Central Air Conditioning (Early Replacement)

Official Measure Code (Measure Number: X:X-X-X (Program name, End Use)

Description

This measure describes the early removal of an existing inefficient Central Air Conditioning unit from service,
prior to its natural end of life, and replacement with a new ENERGY STAR qualifying unit. Savings are
calculated between existing unit and efficient unit consumption during the remaining life of the existing unit,
and between new baseline unit and efficient unit consumption for the remainder of the measure life.

Definition of Efficient Equipment
In order for this characterization to apply, the efficient equipment is assumed to be a ducted split central air
conditioning unit meeting the minimum ENERGY STAR efficiency level standards; 14.5 SEER and 12 EER.

Definition of Baseline Equipment

The baseline condition is the existing inefficient central air conditioning unit for the remaining assumed useful
life of the unit, and then for the remainder of the measure life the baseline becomes a new replacement unit
meeting the minimum federal efficiency standard (i.e. 13 SEER and 11 EER).

Deemed Calculation for this Measure

Annual kWh Savings for remaining life of existing unit (1* 5 years)
= (FLHcool * BuH * (1/SEERexist - 1/SEERee))/1000

Annunal kWh Savings for remaining measure life (next 13 years)
= (FLHcool * BtuH * (1/13 - 1/SEERee))/1000

Summer Coincident Peak kW Savings for remaining life of existing unit (1 5 years)
= (BtuH * (1/EERexist - 1/EERee))/1000 * 0.5

Summer Coincident Peak kW Savings for remaining measure life (next 13 years)
=(BtuH * (1/11 - 1/EERee))/1000 * 0.5

Deemed Lifetime of Efficient Equipment
The expected measure life is assumed to be 18 years '®

Deemed Lifetime of Replaced (Existing) Equipment (for early replacement measures only)
’I‘heals’%mnedremaininguseﬁxllifeofﬂle existing ceatral air conditioning unit being replaced is 5
years .

Deemed Measure Cost
The actual measure cost for removing the existing unit and installing the new should be used.

Deemed O&M Cost Adjustments

The net present value of the deferred replacement cost (the cost associated with the replacement of the existing

unit with a standard unit that would have had to have occurred after S years, had the existing unit not been
replaced) should be calculated as (Actual Cost of ENERGY STAR unit - incremental cost of ENERGY STAR

unit over baseline unit from table below™") * 63%'

1% Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.
http://www_ctsavesenergy.org/files/Measure?620L ife%620Report96202007.pdf

190 VRIC estimate

191 DEER 2008 Database Technology and Measure Cost Data
m63%ismemnoofﬂleNetMVame(wnﬂ:as%disoountmte)ofdxeanmﬂtypaymnlsﬁmyeuuto 18 of 8
defierred replacement of a standard efficiency unit costing $2857, mmdedbyﬂnmmdeﬁumymcon(msn The
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___ EfficiencyLevel | Costper Ton_
SEER 14 $119
SEER 15 $238
SEER 16 $357
SEER 17 $476
SEER 18 $596
SEER 19 $715
SEER 20 $834
SEER 21 $908

Colincldence Factor
The summer peak coincidence factor for this measure is assumed to be 0.5'%,

REFERENCE SECTION

Calculation of Savings

Energy Savings
AkWh for remaining life of existing unit (1 5 years)
= (FLHcool * BtuH * (1/SEERexist - 1/SEERee))/1000

AkWh for remaining measure life (next 13 years)
= (FLHcool * BtuH * (1/SEERbase - 1/SEERee))/1000

Where:
FLHcool = Full load cooling hours
ent on location as below
. Location | RunHours™
Akron 476
Cincinnati 664
Cleveland 426
Columbus 552
Dayton _ 631
Mansfield 474
Toledo 433
Youngstown 369
BuH = Size of equipment in Btuh (note 1 ton = 12,000Btuh)
= Actual

calculation is done in this way to allow the use of the known ENERGY STAR replacement cost to calculate an appropriate
baseline replacement cost. Standard unit cost from ENERGY STAR calculator;
http/fwwwmgystargovfmwwlk :_purchasing/bpsavings_calc/Calc CACxls

193 Based on Energy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wisconsin, A
Compilation of Recent Field Research”, p32
'“wmmwmmmmmmmwsrARer

(I ners : purchasing/bps xls) and reduced by 33% due to
ammpuonﬂutﬂneamgeaircondiﬁoningmovuﬂzedbymmme,m Nadal, 1999; “National Energy Savings
Potential From Addressing Residential HVAC Installation 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 Conditioning in
Wisconsin, A Compilation of Recent Field Research.”..
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SEERexist = SEER Efficiency of existing unit
= Actual'®

SEERee = SEER Efficiency of ENERGY STAR unit
= Actual installed

SEERbase = SE&R Efficiency of baseline unit
=13

For example, replacing a 3 ton SEER 10 unit with a new SEER 14.5 unit, in Dayton:

AkWh for remaining life of existing unit (1* 5 years)
=(631 * 36000 * (1/10 — 1/14.5)) / 1000

=705 kWh

AkWh for remaining measure life (next 13 years)
=(631 * 36000 * (1/13 - 1/14.5)) / 1000

=180.8 kWh

Summer Coincident Peak Demand Savings

AkW for remaining life of existing unit (1* 5 years)
= (BtuH * (1/EERexist - 1/EERe€))/1000 * CF

AkW for remaining measure life (next 13 years)
= (BtuH * (1/EERbase - 1/EERe€))/1000 * CF

Where:

EERexist = EER Efficiency of existing unit
= Calculate usinglActual SEER
=(SEER * 0.9)!

EERbase = l”E.ﬁciem:y of baseline unit
=11

EERee =EER Efficiency of ENERGY STAR unit
= Actual installed

CF = S!mger Peak Coincidence Factor for measure
=0.5

For example, replacing a 3 ton SEER 10 unit (EER 9)with a new SEER 14.5, EER 12 unit, in Dayton:

AkW for remaining life of existing unit (1% 5 years)
=(36000 * (1/9-1/12))/ 1000 * 0.5

=05kW

195 Use actual SEER rating where it is possible to measure or reasonably estimate. When unknown use SEER 10 (VEIC
estimate of existing unit efficiency, based on minimum federal standard between the years of 1992 and 2006)
19 Minimum Federal Standard
197 1f SEER is unimown, default EER would be (10 * 0.9) = 9.0. Calculation based on prior VEIC assessment of industry
i efficiency ratings.
Minimum Federal Standard
19 Based on Energy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wisconsin, A
Compilation of Recent Field Research”, p32
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AkW for remaining measure life (next 13 years)

= (36000 * (1/11 - 1/12)) / 1000 * 0.5

=0.14kW

Fossil Fuel Impact Descriptions and Calculation
n/a

Water Impact Descriptions and Calculation
n/a

Deemed O&M Cost Adjustment Calculation
n/a

Version Date & Revision History
Draft: "-'_t_ﬂ:- 10 #f
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Ground Source Heat Pumps (Time of Sale)

This measure relates to the installation of a new Ground Source Heat Pump system meeting ENERGY STAR
efficiency standards presented below. This measure relates to the installation of a new system in an existing
home (i.e. time of sale).

Water-to-
Closed Loop 14.1 3.3
Open Loop 16.2 3.6
Water-to-Water
Closed Loop 15.1 3
Open Loop 19.1 34
DGX 15 3.5

Water-to-air

Closed Loop 16.1 3.5
Open Loop 18.2 3.8
Water-to-Water
Closed Loop 15.1 3
|_Open Loop 19.1 34
DGX 16 3.6
Tier 3

Product Type

Water-to-air

Closed Loop 17.1 3.6

| Open Loop 21.1 4.1

| Water-to-Water
Closed Loop 16.1 3.1

| OpenLoop 20.1 3.5

| DGX 16 3.6
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Definition of Efficient Equipment

In order for this characterization to apply, the efficient equipment must be a Ground Source Heat Pump unit
meeting the minimum ENERGY STAR efficiency level standards effective at the time of installation as detailed
above.

Definition of Baseline Equipment
The baseline equipment is assumed to be an Air Source Heat Pump meeting the Federal Standard efficiency
level; 13 SEER and 11 EER.

Deemed Calculation for this Measure

Annual KkWh Savings = (FLHcool * BtuH * (1/13 — (1/(EERee * 1.02))/ + (FLHheat *
BtuH * (1/7.7 — (1/COPee * 3.412))/1000

Summer Coincident Peak kW Savings =BtuH * (1/11 - 1/(((EERee * 1.02) * 0.37) + 6.43))/
1000 * 0.5

Deemed Lifetime of Efficient Equipment
The expected measure life is assumed to be 18 years >®

Deemed Measure Cost
The actual installed cost of the Ground Source Heat Pump should be used, minus the assumed installation cost
of a 3 ton standard baseline Air Source Heat Pump of $3,609*"

Deemed O&M Cost Adjustments
n/a

Coincidence Factor
The summer peak coincidence factor for this measure is assumed to be 0.5*2,

REFERENCE SECTION

Calculation of Savings

Energy Savings
AkWH = (FLHcool * BtuH * (1/SEERbase — (1/(EERee * 1.02))/1000
+ (FLHheat * BtuH * (1/HSPFbase — (1/COPee * 3.412))/1000

FLHcool = Full load cooling hours
Depend ._.' loeanonasbelow

" anmmmmrmmmdmummnmw Material cost of 13 SEER
ACmSNGpetton.mdlaboreostofsmperton.Fou3!70numtthiswouldbe(796+407)‘3 = $3609.
202 Based on Energy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wisconsin, A
Compllaﬂon of Recent Field Research”, p32
MmMW&wWMM&MﬁYﬂMMW
W SNeTRYS business urchasi saving x18) and reduced by 3396 due to
mmpdmﬂmthzamgeakcmdlﬁonhgisovmizedbymmmm Nadal, 1999; “National Energy Savings
Potential From Addressing Residential HVAC Installation Problems™). Note this approach results in full load hour estimates
within 10% of measured estimates from the Wisconsin study.
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Cincinnati 664
Cleveland 426
Columbus 552
Dayton 631
_ Mansfield 474
Toledo 433
Youngstown 369
BtuH = Size of equipment in Btuh (note 1 ton = 12,000Btuh)
= Actual installed
SEERbase = SEEZMR Efficiency of baseline unit
=13
EERee = EER Efficiency of efficient unit
= Actual installed
1.02 = Constant used to estimate the SEER based on the efficient unit’s EER™,
FLHheat = Full load heating hours
on location as below:
Akron 1576
Cincinnati 1394
Cleveland 1567
Columbus _1272
Dayton 1438
Mansfield 1391
Toledo 1628
HSPFbase =H¢;ggng Season Performance Factor for baseline unit
=7.
COPee = Coefficient of Performance of efficient unit
= Actual Installed
3413 = Constant to convert the COP of the unit to the Heating Season Performance Factor
HSPF).

For example, a 3 ton unit with EER rating of 16 and COP of 3.5 in Dayton:

AkWH = (FLHcool * BtuH * (1/SEERbase — (1/(EERee * 1.02))/1000
+ (FLHheat * BtuH * (1/HSPFbase - (1/COPee * 3.412))/1000

AKWH =(631 * 36000 * (1/13 — 1/ (16*1.02))) / 1000 + (1438 * 36000 * (1/7.7 — 1/ (3.5*3.412)) /
1000

=2744 kWh
Summer Coincident Peak Demand Savings
AkW  =BtuH * (1/EERbase - 1/(((EERee * 1.02) * 0.37) + 6.43))/1000 * CF

24 Minimum Federal Standard; Federal Register, Vol. 66, No. 14, Monday, January 22, 2001/Rules and Regulations, p.
7170-7200.

05 Note that EERs of GSHPs are measured differently than EERs of air source heat pumps (focusing on entering water
temperatures rather than ambient air temperatures). The equivalent SEER of a GSHP can be estimated by multiplying EFR
% 1.02, based on VEIC extrapolation of manufacturer data.

Heating EFLH extracted from simulations conducted for Duke Energy, OH Joint Utility TRM, October 2009; “Technical
Reference Manual (TRM) for Ohio Senate Bill 221Energy Efficiency and Conservation Program and 09-512-GE-UNC”
27 Minimum Federal Standard; Federal Register, Vol. 66, No. 14, Monday, January 22, 2001/Rules and Regulations, p.
7170-7200.
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EER Efﬁcxency of baseline umit

EER Efficiency of ENERGY STAR unit
= Actual installed

1.02 = Constant used to atnmte the unit’s equivalent air conditioning SEER based on the
GSHP unit’s EER™®
This is then convened to the unit’s equivalem air conditioning EER to enable
comparisons to the baseline unit usmg the following algorithm:
EERac = (SEER * 0.37) + 6.43%°

CF OSunnnerm Peak Coincidence Factor for measure
=0.5

For example, a 3 ton unit with EER rating of 16:
AKW  =(36000 * (1/11 - 1/ (((16 * 1.02) * 0.37) + 6.43)) / 1000 * 0.5
=0.2kW

Fossil Fuel Impact Descriptions and Calculation
n/a

Water Impact Descriptions and Calculation
n/a

Deemed O&M Cost Adjustment Calculation
n/a

Version Date & Rcvislon History

Effechve date:
End date:

28 ) finimum Federal Standard; as above.

29 Note that EERs of GSHPs are measured differently than EERs of air source heat pumps (focusing on entering water
temperatures rather than ambient air temperatures). The equivalent SEER of a GSHP can be estimated by multiplying EFR
bg 1.02, based on VEIC extrapolation of manufacturer data.

Roberts and Salcido, Architectural Energy Corporation, Feb 2008; “Peak Electric Demand Calculations in the REM/Rate
Home Energy Rating Software and REM/Design Home Energy Analysis Software”. This formulaic relationship was derived
from 1861 unique combinations of data, from nearly 200,000 ARI-rated residential central air conditioners.

211 Baged on Energy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wisconsin, A
Compilation of Recent Field Research”, p32
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