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Volume 3: Residential Measures
5.1 Appliances End Use
5.1.1 ENERGY STAR Air Purifier/Cleaner

DESCRIPTION

An air purifier (cleaner) meeting the efficiency specifications of ENERGY STAR is purchased and installed in place of
a model meeting the current federal standard.

This measure was developed to be applicable to the following program types: TOS, NC.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is defined as an air purifier meeting the efficiency specifications of ENERGY STAR as provided
below.

e  Must produce a minimum 50 Clean Air Delivery Rate (CADR) for Dust! to be considered under this
specification.

e  Minimum Performance Requirement: = 2.0 CADR/Watt (Dust)

e Standby Power Requirement: = 2.0 Watts Qualifying models that perform secondary consumer functions
(e.g. clock, remote control) must meet the standby power requirement.

e UL Safety Requirement: Models that emit ozone as a byproduct of air cleaning must meet UL Standard
867 (ozone production must not exceed 50ppb)

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be a conventional unit?.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is assumed to be 9 years?.

DEEMED MEASURE COST

The incremental cost for this measure is $70.%

LOADSHAPE

Loadshape C53 - Flat

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 66.7%°.

1 Measured according to the latest ANSI/AHAM AC-1 (AC-1) Standard

2 As defined as the average of non-ENERGY STAR products found in EPA research, 2011, ENERGY STAR Qualified Room Air
Cleaner Calculator.

3 ENERGY STAR Qualified Room Air Cleaner Calculator.

4 lbid

5 Assumes that the purifier usage is evenly spread throughout the year, therefore coincident peak is calculated as 5844/8766 =
66.7%.
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Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = kWhBase - kWhESTAR

Where:

kWhgase = Baseline kWh consumption per year®

= see table below
kWhestar = ENERGY STAR kWh consumption per year’

= see table below

Clean Air Delivery CADR used in Baseline Unit Energy ENERGY STAR Unit Energy

Rate (CADR) calculation (midpoint) Consumption (kWh/year) Consumption (kWh/year)
CADR 51-100 75 441 148 293
CADR 101-150 125 733 245 488
CADR 151-200 175 1025 342 683
CADR 201-250 225 1317 440 877
CADR Over 250 300 1755 586 1169

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh/Hours *CF
Where:
AkWh = Gross customer annual kWh savings for the measure
Hours = Average hours of use per year

= 5844 hours®

CF = Summer Peak Coincidence Factor for measure
=66.7%°

Clean Air Delivery Rate \ AkW

CADR 51-100 0.033

CADR 101-150 0.056

CADR 151-200 0.078

CADR 201-250 0.100

CADR Over 250 0.133

NATURAL GAS SAVINGS

N/A

6 ENERGY STAR Qualified Room Air Cleaner Calculator.

7 Ibid.

8 Consistent with ENERGY STAR Qualified Room Air Cleaner Calculator assumption of 16 hours per day (16 * 365.25 = 5844).

9 Assumes that the purifier usage is evenly spread throughout the year, therefore coincident peak is calculated as 5844/8766 =
66.7%.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION

There are no operation and maintenance cost adjustments for this measure.?

MEASURE CODE: RS-APL-ESAP-V03-200601

REVIEW DEADLINE: 1/1/2023

10 Some types of room air cleaners require filter replacement or periodic cleaning, but this is likely to be true for both efficient
and baseline units and so no difference in cost is assumed.
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5.1.2 ENERGY STAR Clothes Washers

DESCRIPTION

This measure relates to the installation of a clothes washer meeting the ENERGY STAR or CEE Tier 2 minimum
qualifications. Note if the DHW and dryer fuels of the installations are unknown (for example through a retail
program) savings should be based on a weighted blend using RECS data (the resultant values (kWh, therms and
gallons of water) are provided). The algorithms can also be used to calculate site specific savings where DHW and
dryer fuels are known.

This measure was developed to be applicable to the following program types: TOS, NC.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

Clothes washer must meet the ENERGY STAR or CEE Tier 2 minimum qualifications, as required by the program.
DEFINITION OF BASELINE EQUIPMENT

The baseline condition is a standard sized clothes washer meeting the minimum federal baseline as of January
2018,

Efficiency Level Top Loading >2.5 Cu ft Front Loading >2.5 Cu ft

Federal Standard 21.57 IMEF, <6.5 IWF >1.84 IMEF, <4.7 IWF
ENERGY STAR >2.06 IMEF, <4.3 IWF 22.76 IMEF, <3.2 IWF
CEE Tier 2 22.92 IMEF, <3.2 IWF

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 14 years'2,

DEEMED MEASURE COST

The incremental cost for an ENERGY STAR unit is assumed to be $84 and for a CEE Tier 2 unit it is $14113,
DEEMED O&M COST ADJUSTMENTS

N/A

LOADSHAPE

Loadshape RO1 - Residential Clothes Washer

COINCIDENCE FACTOR

The coincidence factor for this measure is 3.8%14.

11 DOE Energy Conservation Standards for Clothes Washers, Appliance and Equipment Standard, 10 CFR Part 430.32(g)

12 Based on DOE Life-Cycle Cost and Payback Period Excel-based analytical tool.

13 Cost estimates are based on Navigant analysis for the Department of Energy (see IL_TRM_CW Analysis_06202019.xIsx). This
analysis looked at incremental cost and shipment data from manufacturers and the Association of Home Appliance
Manufacturers and attempts to find the costs associated only with the efficiency improvements. The ENERGY STAR level in this
analysis was made the baseline (as it is now equivalent), the CEE Tier 2 level was extrapolated based on equal rates. Note these
assumptions should be reviewed as qualifying product becomes available.

14 Calculated from Itron eShapes, 8760 hourly data by end use for Missouri, as provided by Ameren.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

1. Calculate clothes washer savings based on the Integrated Modified Energy Factor (IMEF).

The Integrated Modified Energy Factor (IMEF) includes unit operation, standby, water heating, and
drying energy use: "IMEF is the quotient of the capacity of the clothes container, C, divided by the
total clothes washer energy consumption per cycle, with such energy consumption expressed as
the sum of the machine electrical energy consumption, M, the hot water energy consumption, E,
the energy required for removal of the remaining moisture in the wash load, D, and the combined
low-power mode energy consumption" 15,

The hot water and dryer savings calculated here assumes electric DHW and Dryer (this will be
separated in Step 2).

IMEFsavings® = Capacity * (1/IMEFbase - 1/IMEFeff) * Ncycles
Where
Capacity = Clothes Washer capacity (cubic feet)

= Actual. If capacity is unknown assume 3.50 cubic feet 7

IMEFbase = Integrated Modified Energy Factor of baseline unit
=1.7518
IMEFeff = Integrated Modified Energy Factor of efficient unit

= Actual. If unknown assume average values provided below.
Ncycles = Number of Cycles per year
=29519

IMEFsavings is provided below based on deemed values?°:

. IMEF Savings
Efficiency Level IMEF (kwh)
Federal Standard 1.75 0.0
ENERGY STAR 2.23 126.0
CEE Tier 2 2.92 235.8

15 Definition provided on the ENERGY STAR website.

16 IMEFsavings represents total kWh only when water heating and drying are 100% electric.

17Based on the average clothes washer volume of all units that pass the new Federal Standard on the California Energy
Commission (CEC) database of Clothes Washer products accessed on 05/03/2018. If utilities have specific evaluation results
providing a more appropriate assumption for homes in a particular market or geographical area then that should be used.

18 Weighted average IMEF of Federal Standard rating for Front Loading and Top Loading units. Weighting is based upon the
relative top v front loading percentage of available non-ENERGY STAR product in the CEC database (products accessed on
05/03/2018).

19 Weighted average of clothes washer cycles per year (based on 2009 Residential Energy Consumption Survey (RECS) national
sample survey of housing appliances section, state of lllinois.If utilities have specific evaluation results providing a more
appropriate assumption for single-family or Multifamily homes, in a particular market, or geographical area then that should be
used.

20 IMEF values are the weighted average of the new ENERGY STAR specifications. Weighting is based upon the relative top v
front loading percentage of available ENERGY STAR and CEE Tier 2 products in the CEC database. See “IL TRM_CW
Analysis_06202019.xIsx” for the calculation.
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2. Break out savings calculated in Step 1 for electric DHW and electric dryer

AkWh = [Capacity * 1/IMEFbase * Ncycles * (%CWbase + (%DHWbase * %Electric_ DHW) + (%Dryerbase
* %Electric_Dryer))] - [Capacity * 1/IMEFeff * Ncycles * (%CWeff + (%DHWeff * %Electric_DHW) +
(%Dryereff * %Electric_Dryer))]

Where:

%CW = Percentage of total energy consumption for Clothes Washer operation (different for
baseline and efficient unit — see table below)

%DHW = Percentage of total energy consumption used for water heating (different for
baseline and efficient unit — see table below)

%Dryer = Percentage of total energy consumption for dryer operation (different for baseline and
efficient unit — see table below)

Percentage of Total Energy

Consumption®!

%CW %DHW  %Dryer
Baseline 8.1% 26.5% 65.4%
ENERGY STAR 5.8% 31.2% 63.0%
CEE Tier 2 13.9% 9.6% 76.5%

%Electric. DHW = Percentage of DHW savings assumed to be electric

DHW fuel  %Electric_DHW
Electric 100%
Natural Gas 0%
Unknown 16%%

%Electric_Dryer = Percentage of dryer savings assumed to be electric

Dryer fuel \ %Electric_Dryer
Electric 100%
Natural Gas 0%
Unknown 38%%3

Using the default assumptions provided above, the prescriptive savings for each configuration are presented below:

21 The percentage of total energy consumption that is used for the machine, heating the hot water or by the dryer is different
depending on the efficiency of the unit. Values are based on a weighted average of top loading and front loading units based on
data from DOE Life-Cycle Cost and Payback Period Excel-based analytical tool. See “IL TRM_CW Analysis_06202019.xIsx” for the
calculation.

22 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for Midwest
Region, data for the state of lllinois. If utilities have specific evaluation results providing a more appropriate assumption for
homes in a particular market or geographical area then that should be used.

23 Default assumption for unknown is based on percentage of homes with electric dryer from EIA Residential Energy
Consumption Survey (RECS) 2009 for Midwest Region, data for the state of lllinois. If utilities have specific evaluation results
providing a more appropriate assumption for homes in a particular market or geographical area then that should be used.
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AkWH
Electric . . Unknown Unknown
DHW Gas DI-!W Electric Gas DHW Electric DHW Gas DHW DHW DHW
. Electric DHW Unknown Unknown .
Electric Drver Gas Drver Gas Dryer Drver Drver Electric Unknown
Dryer ¥ ¥ ¥ v Dryer Dryer
ENERGY STAR 126.0 114.6 32.5 21.0 68.3 56.8 116.3 22.8 58.6
CEE Tier 2 235.8 113.9 1209 -1.0 164.9 43.0 1329 18.0 61.9

Secondary kWh Savings for Water Supply and Wastewater Treatment

The following savings should be included in the total savings for this measure, but should not be included in TRC
tests to avoid double counting the economic benefit of water savings.

AkWhuwater = AWater (gallons) / 1,000,000 * Ewater total
Where
Ewater total = IL Total Water Energy Factor (kWh/Million Gallons)
=5,0102* for measures installed in all areas except Cook County

=2,93725 for measures installed in Cook County 26

Using defaults provided:

ENERGY STAR AkWhuwater = 1,259/1,000,000*5,010 (2937 in Cook County)
=6.3 kWh (3.7 in Cook County)
ENERGY STAR Most Efficient AkWhwater = 2,157/1,000,000%5,010 (2937 in Cook County)

=10.8 kWh (6.3 in Cook County)

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh/Hours * CF
Where:

AkWh = Energy Savings as calculated above. Note do not include the secondary savings in this

24 This factor include 2571 kWh/MG for water supply based on Illinois energy intensity data from a 2012 ISAWWA study and 2439
kWh/MG for wastewater treatment based on national energy intensity use estimates. For more information please review Elevate
Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’.

25 Supply (2,571) + 15% of wastewater (2,439*15% = 366) = 2,937 kWh/million gallons. Assumes that over 10MW wastewater
treatment plant customers consume approximately 85% of the energy for treating wastewater in Cook County and as per Section
8-103B statute, savings are not allowed to be claimed from customers who are over 10MW customers.

26 The TRM Administrator is not an expert in determining the definitive applicability of IL Statute (220 ILCS 5/8-103B) to these
secondary electric savings. The calculation reported above is based on what the TRM Administrator believes to be a reasonable
interpretation of the Statute: that savings for exempt customers (retail customers of an electric utility that serves more than
3,000,000 retail customers in the State and whose total highest 30 minute demand was more than 10,000 kilowatts, or any retail
customers of an electric utility that serves less than 3,000,000 retail customers but more than 500,000 retail customers in the
State and whose total highest 15 minute demand was more than 10,000 kilowatts) will not be used in the establishment of annual
energy sales or the utility's achievement of the cumulative persisting annual savings goals. In the case that a definitive
interpretation of the Statute’s applicability under these circumstances leads to a different conclusion, this treatment can be
reconsidered.
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calculation.

Hours = Assumed Run hours of Clothes Washer
=295 hours?’

CF = Summer Peak Coincidence Factor for measure.
=0.03828

Using the default assumptions provided above, the prescriptive savings for each configuration are presented below:

D ) D : 0 :
D D D D
) 0 O D
as Drye o .
D e as D e D g ) e as U e

) B ) e ) e
ENERGY STAR 0.0162 0.0148 0.0042 0.0027 0.0088 0.0073 0.0150 0.0029 0.0075
CEE Tier 3 0.0304 0.0147 0.0156 -0.0001 0.0212 0.0055 0.0171 0.0023 0.0080

NATURAL GAS SAVINGS

Break out savings calculated in Step 1 of electric energy savings (MEF savings) and extract Natural Gas DHW and
Natural Gas dryer savings from total savings:

ATherm = [(Capacity * 1/IMEFbase * Ncycles * ((%DHWbase * %Natural Gas_DHW * R_eff) + (%Dryerbase
* %Gas _Dryer))) — (Capacity * 1/IMEFeff * Ncycles * ((%DHWeff * %Natural Gas_DHW * R_eff) +
(%Dryereff * %Gas_Dryer)))] * Therm_convert

Where:

Therm_convert = Convertion factor from kWh to Therm

=0.03412
R_eff = Recovery efficiency factor
=1.26%°
%Natural Gas_DHW = Percentage of DHW savings assumed to be Natural Gas
DHW fuel %Natural Gas_DHW
Electric 0%
Natural Gas 100%
Unknown 84%3°
%Gas_Dryer = Percentage of dryer savings assumed to be Natural Gas

27 Based on a weighted average of 295 clothes washer cycles per year assuming an average load runs for one hour (2009
Residential Energy Consumption Survey (RECS) national sample survey of housing appliances section, Midwest Census Region,
data for the state of lllinois)

28 Calculated from Itron eShapes, 8760 hourly data by end use for Missouri, as provided by Ameren.

23 To account for the different efficiency of electric and Natural Gas hot water heaters (gas water heater: recovery efficiencies
ranging from 0.74 to 0.85 (0.78 used), and electric water heater with 0.98 recovery efficiency (see ENERGY STAR Waste Water
Recovery Guidelines). Therefore a factor of 0.98/0.78 (1.26) is applied.

30 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for Midwest
Region, data for the state of lllinois. If utilities have specific evaluation results providing a more appropriate assumption for
homes in a particular market or geographical area then that should be used.d
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Dryer fuel %Gas_Dryer

Electric 0%
Natural Gas 100%
Unknown 62%31

Other factors as defined above

Using the default assumptions provided above, the prescriptive savings for each configuration are presented below:

ATherms
LG Gas DHW Electric Electric DHW Gas DHW UiLge] Unknown ULy
DHW . Gas DHW DHW DHW
. Electric DHW Unknown Unknown . DHW
Electric Drver Gas Drver Gas Dryer Drver Drver Electric Gas Drver Unknown
Dryer b o E - Dryer Y Dryer
ENERGY STAR 0.0 0.5 3.2 3.7 2.0 2.5 0.4 3.6 2.4
CEE Tier 3 0.0 5.2 3.9 9.2 7.7 7.7 4.4 8.3 6.8

WATER IMPACT DESCRIPTIONS AND CALCULATION

Where

AWater (gallons) = Capacity * (IWFbase - IWFeff) * Ncycles

AWater (gallons) = Water saved, in gallons

IWFbase

IWFeff

= Integrated Water Factor of baseline clothes washer

=5.29%

= Water Factor of efficient clothes washer

= Actual. If unknown assume average values provided below.

Using the default assumptions provided above, the prescriptive water savings for each efficiency level are presented
below:

AWater
Efficiency Level (gallons per
year)
Federal Standard 5.29 0.0
ENERGY STAR 4.04 1,295
ENERGY STAR Most Efficient 3.20 2,157

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

31 Default assumption for unknown fuel is based on percentage of homes with gas dryer from EIA Residential Energy

Consumption Survey (RECS) 2009 for Midwest Region, data for the state of lllinois. If utilities have specific evaluation results
providing a more appropriate assumption for homes in a particular market or geographical area then that should be used.
32 Weighted average IWF of Federal Standard rating for Front Loading and Top Loading units. Weighting is based upon the
relative top v front loading percentage of available non-ENERGY STAR product in the CEC database (products accessed on

05/03/2018).
33 |WF values are the weighted average of the new ENERGY STAR specifications. Weighting is based upon the relative top v front
loading percentage of available ENERGY STAR and CEE Tier 2 products in the CEC database (products accessed on 05/03/2018).

See “IL TRM_CW Analysis_06202019.xIsx” for the calculation.
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MEASURE CODE: RS-APL-ESCL-V08-200101

REVIEW DEADLINE: 1/1/2023
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5.1.3 ENERGY STAR Dehumidifier

DESCRIPTION

A dehumidifier meeting the minimum qualifying efficiency standard established by the current ENERGY STAR Version
5.0 (effective 10/31/2019) and ENERGY STAR Most Efficient 2019 Criteria (effective 01/01/2019) is purchased and
installed in a residential setting in place of a unit that meets the minimum federal standard efficiency.

This measure was developed to be applicable to the following program types: TOS, NC.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the new dehumidifier must meet the ENERGY STAR standards as defined below:

Equipment Capacity ENERGY STAR
Specification (pints/day) Criteria (L/kWh)
Up to 25 >1.57
g:i:tjarzli?jifier 2510530 21.80
> 50 >3.30

Product Case

Equipment ) ENERGY STAR Criteria
Specification Volume (cubic (L/kWh)
feet)
Whole-home Upto8 >2.09
dehumidifier >8 >3.30

Qualifying units shall be equipped with an adjustable humidistat control or shall require a remote humidistat control
to operate.

DEFINITION OF BASELINE EQUIPMENT

The baseline for this measure is defined as a new dehumidifier that meets the federal efficiency standards. The
Federal Standard for Dehumidifiers as of June, 13 2019 is defined below:

Equipment Capacity Federal Standard
Specification (pints/day) Criteria (L/kWh)
bortabl Up to 25 >1.30
ortable
< >
dehumidifier >25t0 <30 21.60
>50 >2.80

Product Case

Equipment Ty Federal Standard
Specification Criteria (L/kWh)
feet)
Whole-home Upto8 >1.77
dehumidifier >8 22.41
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The assumed lifetime of the measure is 12 years34.
DEEMED MEASURE COST

The incremental cost for an ENERGY STAR unit is assumed to be $10.293% and for an ENERGY STAR Most Efficient
unit is $7536.

LOADSHAPE
Loadshape R12 - Residential - Dehumidifier

COINCIDENCE FACTOR

The coincidence factor is assumed to be 37% 37.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = (((Avg Capacity * 0.473) / 24) * Hours) * (1 / (L/kWh_Base)— 1 / (L/kWh_Eff))
Where:
Avg Capacity = Average capacity of the unit (pints/day)

= Actual, if unknown assume capacity in each capacity range as provided in table below,
or if capacity range unknown assume average.

0.473 = Constant to convert Pints to Liters
24 = Constant to convert Liters/day to Liters/hour
Hours = Run hours per year
=1632 38
L/kWh = Liters of water per kWh consumed, as provided in tables above

Annual kWh results for each capacity class and product type are presented below:

34 EPA Research, 2012; ENERGY STAR Dehumidifier Calculator

35 Based on incremental costs sourced from the 2016 ENERGY STAR Appliance Calculator and weighted by capacity based on
ENERGY STAR qualified products, accessed on May 2019.

36 DOE Energy Conservation Standards for Residential Dehumidifiers, Appliance and Equipment Standard, 10 CFR Part 430, July
23,2012, page 73. The sourced table is an analysis on the incremental manufacturer product costs on dehumidifiers with varying
incentive levels. Assuming the markup costs between the baseline units and the most efficient units are equal. The incremental
cost reproduced is a straight average of all the dehumidifiers, both stand alone and whole house, with an efficiency level meeting
or exceeding ENERGY STAR’s Most Efficient criteria. Opted to combine the incremental cost into one value because the stand
alone and whole house incremental costs were near identical.

37 Assume usage is evenly distributed day vs. night, weekend vs. weekday and is used between April through the end of
September (4392 possible hours). 1632 operating hours from ENERGY STAR Dehumidifier Calculator. Coincidence peak during
summer peak is therefore 1632/4392 = 37.2%

38 ENERGY STAR Dehumidifier Calculator; 24-hour operation over 68 days of the year.
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Portable Dehumidifiers Annual kWh
. . . Federal ENERGY ENERGY
c;::::y 'C;pszzty Standard  STAR STARMost  Federal  ENERGY Sf:':'ﬁ:st
. Criteria Criteria Efficient®® Standard STAR .
(pints/day) P/AY) o Wh) (2 L/kWhH) (2 L/KWh) Efficient
Up to 25 25 1.30 1.57 2.20 619 512 366
>25t0<50 41.1 1.60 1.80 2.20 827 735 601
>50 76.6 2.80 3.30 N/A 880 747 N/A
Average*? 59.2 2.80 3.30 N/A 680 577 N/A

Whole-Home Dehumidifiers Annual kWh
Product ENERGY
Capacity Federal ENERGY
TAR M
Case Used Standard ~ STAR  TARMost  ieral  Energy _ENERGY
Volume . o o Efficient STAR Most
(pints/day)  Criteria Criteria Standard STAR .
Range M Efficient
(cubic feet) (2 L/kWh) (= L/kWh) (= L/kWh)
Upto8 59.2 1.77 2.09 2.30 1,076 911 828
>8 59.2 2.41 3.30 N/A 790 577 N/A
Portable Dehumidifier Energy Savings (kWh)
C:g:::y caJSZC:V ENERGY  ENERGY STAR
— TAR M Effici
(pints/day) @ (pints/day) S ostEfficient
Up to 25 25 106 253
>25to <50 41.1 92 226
>50 76.6 133 N/A
Average 59.2 103 N/A

Whole-Home Dehumidifier Energy Savings (kWh)
P":fo'::tmc:se calfsf:y ENERGY = ENERGY STAR
TAR M Effici
(cubic feet) (pints/day) > oStEfficient
Upto8 59.2 165 248
>8 59.2 213 N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh/Hours * CF

39 ENERGY STAR 2019 Most Efficient Criteria exclude the following products from eligibility; dehumidifiers with capacity of 75
pints/day or higher, portable dehumidifiers with capacity of 50.01 pints/day or higher, and whole home dehumidifiers with case
volume greater than 8.0 cubic feet.

40 The relative weighting of each product class is based on number of units on the ENERGY STAR certified list, accessed in May
2019. See “Dehumidifier Calcs_05062019.xls.

41 The capacity and relative weighting of the whole-home dehumidifiers was sourced from the average capacity of portable
dehumidifiers as there were no whole-home dehumidifiers on the ENERGY STAR Qualified Products List, as accessed in May 2019.
See “Dehumidifier Calcs_05062019.xls.
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Where:
Hours = Annual operating hours
=1632 hours %2
CF = Summer Peak Coincidence Factor for measure
=0.374

Summer coincident peak demand results for each capacity class are presented below:

De':'lzrrtnaizli?ier Annual Summer Peak kW Savings
Capacity ENERGY STAR Most
(pints/day) Range ENERGVSTAR Efficient
Up to 25 0.024 0.057
>25to <50 0.021 0.051
>50 0.030 N/A
Average 0.023 N/A

Wholé-Home Annual Summer Peak kW Savings

Dehumidifier
Product Case ENERGY STAR Most
Volume (cu.ft.) ENERGYSTAR Efficient
Upto8 0.037 0.056
>8 0.048 N/A

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-APL-ESDH-V07-200101

REVIEW DEADLINE: 1/1/2025

42 Based on 68 days of 24 hour operation; ENERGY STAR Dehumidifier Calculator

43 Assume usage is evenly distributed day vs. night, weekend vs. weekday and is used between April through the end of
September (4392 possible hours). 1632 operating hours from ENERGY STAR Dehumidifier Calculator. Coincidence peak during
summer peak is therefore 1632/4392 = 37.2%
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5.1.4 ENERGY STAR Dishwasher

DESCRIPTION

A standard or compact residential dishwasher meeting ENERGY STAR standards is installed in place of a model
meeting the federal standard.

This measure was developed to be applicable to the following program types: TOS, NC.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is defined as a standard or compact dishwasher meeting the ENERGY STAR standards
presented in the table below.

ENERGY STAR Requirements (Version 3.0, Effective January 29, 2016)

Dishwasher Type \ Maximum kWh/year Maximum gallons/cycle
Standard
. . . . 270
(= 8 place settings + six serving pieces) 3.5
Standard with Connected Functionality** 283
Compact . 203 3.1
(< 8 place settings + six serving pieces)

DEFINITION OF BASELINE EQUIPMENT

The baseline reflects the minimum federal efficiency standards for dishwashers effective May 30, 2013, as presented
in the table below.

Dishwasher | Maximum Maximum
Type kWh/year gallons/cycle

Standard 307 5.0

Compact 222 3.5

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The assumed lifetime of the measure is 11 years?*®,

DEEMED MEASURE COST

The incremental cost“6 for standard and compact dishwashers is provided in the table below.

Dishwasher Type \ Baseline Cost \ ENERGY STAR Cost  Incremental Cost
Standard $255.63 $331.30 $75.67

44 The new ENERGY STAR specification “establishes optional connected criteria for dishwashers. ENERGY STAR certified
dishwashers with connected functionality offer favorable attributes for demand response programs to consider, since their
peak energy consumption is relatively high, driven by water heating. ENERGY STAR certified dishwashers with connected
functionality will offer consumers new convenience and energy-saving features, such as alerts for cycle completion and/or
recommended maintenance, as well as feedback on the energy use of the product”. See ‘ENERGY STAR Residential Dishwasher
Final Version 6.0 Cover Memo.pdf’. Calculated as per Version 6.0 specification; “ENERGY STAR Residential Dishwasher Version
6.0 Final Program Requirements.pdf”. Note that the potential for demand response and additional peak savings from units with
Connected Functionality have not been explored. This could be a potential addition in a future version.

45> Measure lifetime from California DEER. See file California DEER 2014-EUL Table - 2014 Update.xIsx.

46 Costs are based on data from U.S. DOE, Final Rule Life-Cycle Cost (LCC) Spreadsheet. See file Residential Dishwasher
Analysis_Nov2017.xIsx for cost calculation details.
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Dishwasher Type \ Baseline Cost \ ENERGY STAR Cost Incremental Cost
Compact $290.13 $308.62 $18.49

LOADSHAPE

Loadshape R0O2 - Residential Dish Washer

COINCIDENCE FACTOR

The coincidence factor is assumed to be 2.6%%7.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AKkWh#8 = ((kWhgase - kWhestar) * (%kWh_op + (%kWh_heat * %Electric. DHW )))
Where:

kWhgase = Baseline kWh consumption per year

Maximum
kWh/year
Standard 307
Compact 222

Dishwasher Type

kWhestar = ENERGY STAR kWh annual consumption

Dishwasher Type Maximum

kWh/year
Standard 270
Standard with Connected Functionality 283
Compact 203

%kWh_op = Percentage of dishwasher energy consumption used for unit operation
=1-56%*
=44%

%kWh_heat = Percentage of dishwasher energy consumption used for water heating
= 56%°0

%Electric_ DHW = Percentage of DHW savings assumed to be electric

47 Calculated from Itron eShapes, 8760 hourly data by end use for Missouri, as provided by Ameren.

48 The Federal Standard and ENERGY STAR annual consumption values include electric consumption for both the operation of
the machine and for heating the water that is used by the machine.

49 ENERGY STAR Appliance Calculator.

50 1bid.
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DHW fuel " %Electric_DHW |
Electric 100%
Natural Gas 0%
Unknown 16%°1

AkWh
Dishwasher Type W'tgfll‘fvc"'c With Gas DHW  With Unknown DHW
ENERGY STAR Standard 37.0 16.3 19.6
ENERF—]Y STAR Standard with Connected 24.0 10.6 12.7
Functionality
ENERGY STAR Compact 19.0 8.4 10.1

Secondary kWh Savings for Water Supply and Wastewater Treatment

The following savings should be included in the total savings for this measure, but should not be included in TRC
tests to avoid double counting the economic benefit of water savings.

AkWhuwater = AWater (gallons) / 1,000,000 * Ewater total
Where
Ewater total = IL Total Water Energy Factor (kWh/Million Gallons)
=5,01052 for measures installed in all areas except Cook County

=2,93753 for measures installed in Cook County>4

Using defaults provided:

Standard AkWhwater =252/1,000,000*5,010 (2,937 for Cook County)
=1.3 kWh (0.7 for Cook County)

Compact AkWhwater =67/1,000,000*5,010 (2,937 for Cook County)
=0.3 kWh (0.2 for Cook County)

51 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for Midwest
Region, data for the state of IL. If utilities have specific evaluation results providing a more appropriate assumption for homes in
a particular market or geographical area then that should be used.

52 This factor include 2571 kWh/MG for water supply based on lllinois energy intensity data from a 2012 ISAWWA study and 2439
kWh/MG for wastewater treatment based on national energy intensity use estimates. For more information please review Elevate
Energy’s ‘IL TRM: Energy per Gallon Factor, May 2018 paper’.

53 Supply (2,571) + 15% of wastewater (2,439*15% = 366) = 2,937 kWh/million gallons. Assumes that over 10MW wastewater
treatment plant customers consume approximately 85% of the energy for treating wastewater in Cook County and as per Section
8-103B statute, savings are not allowed to be claimed from customers who are over 10MW customers.

54 The TRM Administrator is not an expert in determining the definitive applicability of IL Statute (220 ILCS 5/8-103B) to these
secondary electric savings. The calculation reported above is based on what the TRM Administrator believes to be a reasonable
interpretation of the Statute: that savings for exempt customers (retail customers of an electric utility that serves more than
3,000,000 retail customers in the State and whose total highest 30 minute demand was more than 10,000 kilowatts, or any retail
customers of an electric utility that serves less than 3,000,000 retail customers but more than 500,000 retail customers in the
State and whose total highest 15 minute demand was more than 10,000 kilowatts) will not be used in the establishment of annual
energy sales or the utility's achievement of the cumulative persisting annual savings goals. In the case that a definitive
interpretation of the Statute’s applicability under these circumstances leads to a different conclusion, this treatment can be
reconsidered.
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SUMMER COINCIDENT PEAK DEMAND SAVINGS®®

AkW = AkWh/Hours * CF

Where:
AkWh = Annual kWh savings from measure as calculated above. Note do not include the
secondary savings in this calculation.
Hours = Annual operating hours®®
=353 hours
CF = Summer Peak Coincidence Factor
=2.6% 57
AkW
Dishwasher T
B With ElectricDHW | With Gas DHW  With Unknown DHW
ENERGY STAR Standard 0.0027 0.0012 0.0014
ENERGY STAR Sta.ndar.d with 0.0018 0.0008 0.0009
Connected Functionality
ENERGY STAR Compact 0.0014 0.0006 0.0007

NATURAL GAS SAVINGS

A Therm = (kWhgase - kWhestar) * %kWh_heat * %Natural Gas_DHW * R_eff * 0.03412

Where
%kWh_heat =% of dishwasher energy used for water heating
=56%
%Natural Gas_DHW = Percentage of DHW savings assumed to be Natural Gas
DHW fuel %Natural Gas_DHW
Electric 0%
Natural Gas 100%
Unknown 84958
R_eff = Recovery efficiency factor
=1.26%
0.03412 = factor to convert from kWh to Therm

ATherms
With Electric DHW With Gas DHW  With Unknown DHW

Dishwasher Type

55 Note that the potential for demand response and additional peak savings from units with Connected Functionality have not
been explored. This could be a potential addition in a future version.

56 Assuming 2.1 hours per cycle and 168 cycles per year therefore 353 operating hours per year. 168 cycles per year is based on
a weighted average of dishwasher usage in Illinois derived from the 2009 RECs data.

57 End use data from Ameren representing the average DW load during peak hours/peak load.

58 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for Midwest
Region, data for the state of IL. If utilities have specific evaluation results providing a more appropriate assumption for homes in
a particular market or geographical area then that should be used.

59 To account for the different efficiency of electric and natural gas hot water heaters (gas water heater: recovery efficiencies
ranging from 0.74 to 0.85 (0.78 used), and electric water heater with 0.98 recovery efficiency (see ENERGY STAR Waste Water
Heat Recovery Guidelines). Therefore a factor of 0.98/0.78 (1.26) is applied.
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ENERGY STAR Standard 0.00 0.89 0.75
ENERGY STAR Sta.ndar.d with 0.00 0.58 0.49
Connected Functionality

ENERGY STAR Compact 0.00 0.46 0.38

WATER IMPACT DESCRIPTIONS AND CALCULATION

AWater (gallons) = Watergase - Watererr

Where
Watergase = water consumption of conventional unit
. Watergase
Dishwasher Type (gallons) ©°
Standard 840
Compact 588
Watererr = annual water consumption of efficient unit:
. Watererr
Dishwasher Type (gallons) &
Standard 588
Compact 521
AWater
Di
ishwasher Type el
ENERGY STAR Standard 252
ENERGY STAR Compact 67

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-APL-ESDI-V05-190101

REVIEW DEADLINE: 1/1/2022

60 Assuming maximum allowed from specifications and 168 cycles per year based on a weighted average of dishwasher usage in
Illinois derived from the 2009 RECs data.

61 Assuming maximum allowed from specifications and 168 cycles per year based on a weighted average of dishwasher usage in
Illinois derived from the 2009 RECs data.
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5.1.5 ENERGY STAR Freezer

DESCRIPTION

A freezer meeting the efficiency specifications of ENERGY STAR is installed in place of a model meeting the federal
standard (NAECA). Energy usage specifications are defined in the table below (note, AV is the freezer Adjusted
Volume and is calculated as 1.73*Total Volume):

Assumptions after September 2014
Federal Baseline ENERGY STAR
Maximum Energy Maximum Energy
Usage in kWh/year®? | Usage in kWh/year5?

Volume
(cubic feet)

Product Category

Upright Freezers with Manual

Defrost

7.75 or greater

5.57*AV + 193.7

5.01*AV +174.3

Upright Freezers with
Automatic Defrost

7.75 or greater

8.62*AV +228.3

7.76*AV +205.5

Chest Freezers and all other
Freezers except Compact
Freezers

7.75 or greater

7.29*AV +107.8

6.56*AV + 97.0

Compact Upright Freezers

< 7.75 and 36 inches or less

8.65*AV +225.7

7.79*AV +203.1

with Manual Defrost in height
Cc?mpact Uprlght Freezers < 7.7:‘3 and 36 inches or less 10.17*AV + 351.9 9.15*AV + 316.7
with Automatic Defrost in height

Compact Chest Freezers

<7.75 and 36 inches or less
in height

9.25*AV +136.8

8.33*AV +123.1

This measure was developed to be applicable to the following program types: TOS, NC.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is defined as a freezer meeting the efficiency specifications of ENERGY STAR, as defined
below and calculated above:

Criteria

At least 10% more energy efficient
than the minimum federal
government standard (NAECA).

Equipment Volume

Full Size Freezer 7.75 cubic feet or greater

At least 20% more energy efficient
than the minimum federal
government standard (NAECA).

Less than 7.75 cubic feet and 36

Compact Freezer . . .
P inches or less in height

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be a model that meets the federal minimum standard for energy efficiency.
The standard varies depending on the size and configuration of the freezer (chest freezer or upright freezer,
automatic or manual defrost) and is defined in the table above.

62 See Department of Energy Federal Standards.
63 See Version 5.0 ENERGY STAR specification.
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DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The measure life is assumed to be 22 years®*.
DEEMED MEASURE COST

The incremental cost for this measure is $35%.
LOADSHAPE

Loadshape RO4 - Residential Freezer
COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 95%°6.

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS:
AkWh = kWhBase - kWhESTAR
Where:
kWhgase = Baseline kWh consumption per year as calculated in algorithm provided in table above.
kWhestar = ENERGY STAR kWh consumption per year as calculated in algorithm provided in table

above.

For example for a 7.75 cubic foot Upright Freezers with Manual Defrost purchased after September 2014:
AKWh =(5.57*(7.75* 1.73)+193.7) — (5.01%(7.75* 1.73)+174.3)
=268.4-241.5
=26.9 kWh

If volume is unknown, use the following default values:

Assumptions after September 2014

Volume
Product Cat
roduct Lategory Used®  kWhease  kWhestar kV.Vh
Savings

Upright Freezers with Manual Defrost 27.9 349.2 314.2 35.0
Upright Freezers with Automatic Defrost 27.9 469.0 422.2 46.8
Chest Freezers and all other Freezers 279 311.4 280.2 312
except Compact Freezers
Compact Upright Freezers with Manual 10.4 4672 4206 16.6

Defrost

64 Based on 2011 DOE Rulemaking Technical Support Document, as recommended in Navigant ‘ComEd Effective Useful Life
Research Report’, May 2018.

65 Based on review of data from the Northeast Regional ENERGY STAR Consumer Products Initiative; “2009 ENERGY STAR
Appliances Practices Report”, submitted by Lockheed Martin, December 2009.

66 Based on eShapes Residential Freezer load data as provided by Ameren.

67 Volume is based on ENERGY STAR Calculator assumption of 16.14 ft3 average volume, converted to Adjusted volume by
multiplying by 1.73.

2020 IL TRM v8.0 Vol. 3_October 17, 2019_Final Page 26 of 346



Illinois Statewide Technical Reference Manual — 5.1.5 ENERGY STAR Freezer

Assumptions after September 2014

Product Category kWh

kWhgase ~ kWhestar

Savings

gz;rsg:tct Upright Freezers with Automatic 10.4 635.9 572.2 63.7
Compact Chest Freezers 10.4 395.1 355.7 394
SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh/ Hours * CF
Where:
AkWh = Gross customer annual kWh savings for the measure
Hours = Full Load hours per year
= 589068
CF = Summer Peak Coincident Factor
=0.95%°

For example for a 7.75 cubic foot Upright Freezers with Manual Defrost:
AKW  =26.9/5890 * 0.95
=0.0043 kW

If volume is unknown, use the following default values:

Assumptions after

Product Category September 2014
kW Savings

Upright Freezers with Manual Defrost 0.0057
Upright Freezers with Automatic Defrost 0.0076
Chest Freezers and all other Freezers except

Compact Freezers i 0.0050
Compact Upright Freezers with Manual Defrost 0.0075
Compact Upright Freezers with Automatic Defrost 0.0103
Compact Chest Freezers 0.0064

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

68 Calculated from eShapes Residential Freezer load data as provided by Ameren by dividing total annual load by the maximum
kW in any one hour.
69 Based on eShapes Residential Freezer load data as provided by Ameren.
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MEASURE CODE: RS-APL-ESFR-V03-190101

REVIEW DEADLINE: 1/1/2021
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5.1.6 ENERGY STAR and CEE Tier 2 Refrigerator

DESCRIPTION

This measure relates to:

a) Time of Sale: the purchase and installation of a new refrigerator meeting either ENERGY STAR or CEE
TIER 2 specifications.

b)  Early Replacement: the early removal of an existing residential inefficient Refrigerator from service,
prior to its natural end of life, and replacement with a new ENERGY STAR or CEE Tier 2 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.

Energy usage specifications are defined in the table below (note, Adjusted Volume is calculated as the fresh
volume + (1.63 * Freezer Volume):

Existing Unit  Assumptions after September 2014
Based on Federal Baseline ENERGY STAR

Product Category Refrigerator Maximum Maximum
Recycling Energy Usage in Energy Usage in
algorithm kWh/year’® kWh/year’*

1. Refrigerators and Refrigerator-
freezers with manual defrost

2. Refrigerator-Freezer--partial
automatic defrost

3. Refrigerator-Freezers--automatic
defrost with top-mounted freezer

6.79AV + 193.6 6.11 * AV +174.2

7.99AV +225.0 | 7.19 * AV +202.5

without through-the-door ice service 8.07AV +233.7 | 7.26 * AV +210.3
and all-refrigerators--automatic Use

defrost Algorithm in

4. Refrigerator-Freezers--automatic 5.1.8

defrost with side-mounted freezer Refrigerator 8.51AV +297.8 | 7.66 * AV +268.0
without through-the-door ice service and Freezer

5. Refrigerator-Freezers--automatic Recycling

defrost with bottom-mounted freezer | measure to 8.85AV +317.0 | 7.97 * AV +285.3
without through-the-door ice service estimate

5A Refrigerator-freezer—automatic existing unit
defrost with bottom-mounted freezer | consumption 9.25AV +475.4 | 8.33 * AV +436.3
with through-the-door ice service

6. Refrigerator-Freezers--automatic
defrost with top-mounted freezer with 8.40AV +385.4 | 7.56 * AV +355.3
through-the-door ice service

7. Refrigerator-Freezers--automatic
defrost with side-mounted freezer 8.54AV +432.8 | 7.69 * AV +397.9
with through-the-door ice service

This measure was developed to be applicable to the following program types: TOS, NC, EREP.

If applied to other program types, the measure savings should be verified.

70 See Department of Energy Federal Standards.
71 See Version 5.0 ENERGY STAR specification.

2020 IL TRM v8.0 Vol. 3_October 17, 2019_Final Page 29 of 346



Illinois Statewide Technical Reference Manual — 5.1.6 ENERGY STAR and CEE Tier 2 Refrigerator

DEFINITION OF EFFICIENT EQUIPMENT

The efficient equipment is defined as a refrigerator meeting the efficiency specifications of ENERGY STAR or CEE Tier
2 (defined as requiring >= 10% or >= 15% less energy consumption than an equivalent unit meeting federal standard
requirements respectively). The ENERGY STAR standard varies according to the size and configuration of the unit, as
shown in table above.

DEFINITION OF BASELINE EQUIPMENT

Time of Sale: baseline is a new refrigerator meeting the minimum federal efficiency standard for refrigerator
efficiency. The current federal minimum standard varies according to the size and configuration of the unit, as shown
in table above. Note also that this federal standard will be increased for units manufactured after September 1,
2014.

Early Replacement: the baseline is the existing refrigerator for the assumed remaining useful life of the unit and the
new baseline as defined above for the remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is assumed to be 17 years.”?

Remaining life of existing equipment is assumed to be 6 years’®
DEEMED MEASURE COST

Time of Sale: The incremental cost for this measure is assumed to be $4074 for an ENERGY STAR unit and $1407° for
a CEE Tier 2 unit.

Early Replacement: The measure cost is the full cost of removing the existing unit and installing a new one. The
actual program cost should be used. If unavailable assume $451 for ENERGY STAR unit and $551 for CEE Tier 2 unit’8.

The avoided replacement cost (after 4 years) of a baseline replacement refrigerator is $41377. This cost should be
discounted to present value using the nominal societal discount rate.

LOADSHAPE
Loadshape RO5 - Residential Refrigerator

COINCIDENCE FACTOR

A coincidence factor is not used to calculate peak demand savings for this measure, see below.

72 Based on 2011 DOE Rulemaking Technical Support Document, as recommended in Navigant ‘ComEd Effective Useful Life
Research Report’, May 2018.

73 Standard assumption of one third of effective useful life.

74 From ENERGY STAR calculator linked above.

75 Based on weighted average of units participating in Efficiency Vermont program and retail cost data provided in Department
of Energy, “TECHNICAL REPORT: Analysis of Amended Energy Conservation Standards for Residential Refrigerator-Freezers”,
October 2005.

76 ENERGY STAR full cost is based upon IL PHA Efficient Living Program data on sample size of 910 replaced units finding average
cost of $430 plus an average recycling/removal cost of $21. The CEE Tier 2 estimate uses the delta from the Time of Sale
estimate.

77 Calculated using incremental cost from Time of Sale measure and applying inflation rate of 1.91%.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS:

Time of Sale: AkWh = UECease — UECee
Early Replacement:

AkWh for remaining life of existing unit (1%t 6 years) = UECexist — UECee

AkWh for remaining measure life (next 11 years) = UECpase — UECee
Where:
UECexist = Annual Unit Energy Consumption of existing unit as calculated in algorithm from 5.1.8
Refrigerator and Freezer Recycling measure.
UECsase = Annual Unit Energy Consumption of baseline unit as calculated in algorithm provided in
table above.
UECee = Annual Unit Energy Consumption of ENERGY STAR unit as calculated in algorithm

provided in table above.
For CEE Tier 2, unit consumption is calculated as 25% lower than baseline.
If volume is unknown, use the following defaults, based on an assumed Adjusted Volume of 25.878:

Assumptions after standard changes on September 1%, 2014:

Early Time of Sale and

Existing New New Efficient Replacement Early Replacement
Unit UECkee (1% 6 years) (last 11 years)

Product Category e Baseline AkWh AkWh
EXIST
el

UECaase
ENERGY ENERGY ENERGY
STAR CEET2 STAR CEET2 STAR CEE T2

1. Refrigerators and
Refrigerator-freezers with 1027.7 368.6 331.6 276.4 696.1 751.3 36.9 92.1
manual defrost

2. Refrigerator-Freezer--
partial automatic defrost

3. Refrigerator-Freezers--
automatic defrost with top-
mounted freezer without
through-the-door ice service
and all-refrigerators--
automatic defrost

4. Refrigerator-Freezers--
automatic defrost with side-
mounted freezer without
through-the-door ice service

1027.7 430.9 387.8 323.2 640.0 704.6 43.1 107.7

814.5 441.7 397.4 331.2 417.2 483.3 44.3 110.4

1241.0 517.1 465.4 387.8 775.6 853.1 51.7 129.3

78 Volume is based on the ENERGY STAR calculator average assumption of 14.75 ft3 fresh volume and 6.76 ft3 freezer volume.
73 Estimates of existing unit consumption are based on using the 5.1.8 Refrigerator and Freezer Recycling algorithm and the
inputs described here: Age = 10 years, Pre-1990 = 0, Size = 21.5 ft3 (from ENERGY STAR calc and consistent with AV of 25.8),
Single Door = 0, Side by side = 1 for classifications stating side by side, 0 for classifications stating top/bottom, and 0.5 for
classifications that do not distinguish, Primary appliances = 1, unconditioned = 0, Part use factor = 0.
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Early Time of Sale and

Existing New New Efficient Replacement Early Replacement
Unit UECee (1% 6 years) (last 11 years)

Product Category UEC Baseline AkWh AkWh
EXIST

UECease
7 ENERGY ENERGY ENERGY
—n CEE T2 —n (o1 p —_— CEE T2

5. Refrigerator-Freezers--
automatic defrost with
bottom-mounted freezer 814.5 545.1 490.7 408.8 3239 405.8 54.4 136.3
without through-the-door ice
service

5A Refrigerator-freezer—
automatic defrost with
bottom-mounted freezer with
through-the-door ice service
6. Refrigerator-Freezers--
automatic defrost with top-
mounted freezer with
through-the-door ice service
7. Refrigerator-Freezers--
automatic defrost with side-
mounted freezer with
through-the-door ice service

814.5 713.8 651.0 535.3 163.6 279.2 62.8 178.4

814.5 601.9 550.1 451.4 264.4 363.2 51.7 150.5

1241.0 652.9 596.1 489.6 644.9 751.3 56.8 163.2

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = (AkWh/8766) * TAF * LSAF

Where:
TAF = Temperature Adjustment Factor
=1.2580
LSAF = Load Shape Adjustment Factor
=1.057 8

If volume is unknown, use the following defaults:

80 Average temperature adjustment factor (to account for temperature conditions during peak period as compared to year as
a whole) based on Blasnik, Michael, "Measurement and Verification of Residential Refrigerator Energy Use, Final Report, 2003-
2004 Metering Study", July 29, 2004 (p. 47). It assumes 90 °F average outside temperature during peak period, 71°F average
temperature in kitchens and 65°F average temperature in basement, and uses assumption that 66% of homes in lllinois have
central cooling (CAC saturation: "Table HC7.9 Air Conditioning in Homes in Midwest Region, Divisions, and States, 2009 from
Energy Information Administration", 2009 Residential Energy Consumption Survey).

81 Daily load shape adjustment factor (average load in peak period /average daily load) 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 13 through 17)
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Assumptions after September 2014
standard change AkW

Early Time of Sale and
Product Category Replacement (1t  Early Replacement
6 years) (last 11 years)
ENERGY ENERGY
STAR CEE T2 STAR CEE T2
1. Refrigerators and Refrigerator-freezers with manual defrost 0.105 0.113 0.006 0.014
2. Refrigerator-Freezer--partial automatic defrost 0.096 0.106 0.006 0.016
3. Refrigerator-Freezers--automatic defrost with top-mounted
freezer without through-the-door ice service and all-refrigerators-- 0.063 0.073 0.007 0.017

automatic defrost

4. Refrigerator-Freezers--automatic defrost with side-mounted
freezer without through-the-door ice service

5. Refrigerator-Freezers--automatic defrost with bottom-mounted
freezer without through-the-door ice service

5A Refrigerator-freezer—automatic defrost with bottom-mounted
freezer with through-the-door ice service

6. Refrigerator-Freezers--automatic defrost with top-mounted
freezer with through-the-door ice service

7. Refrigerator-Freezers--automatic defrost with side-mounted
freezer with through-the-door ice service

0.117 0.129 0.008 0.019

0.049 0.061 0.008 0.021

0.025 0.042 0.009 0.027

0.040 0.055 0.008 0.023

0.097 0.113 0.009 0.025

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-APL-ESRE-V07-200101

REVIEW DEADLINE: 1/1/2021
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5.1.7 ENERGY STAR Room Air Conditioner

DESCRIPTION

This measure relates to:

a) Time of Sale the purchase and installation of a room air conditioning unit that meets ENERGY STAR
version 4.0 which is effective October 26™ 2015), in place of a baseline unit. The baseline is based on
the Federal Standard effective June 1%, 2014.

Federal rederal ENERGYSTAR e \ErGY sTAR
. Standard v4.0 with x
Standard with . v4.0 without
Product Type and Class (Btu/hr) ) without louvered .
louvered sides . . louvered sides
(CEER) 2 louvered sides  sides (CEER) (CEER)
(CEER) 83
< 8,000 11.0 10.0 12.1 11.0
Without 8,000 to 10,999 10.9 9.6 12.0 10.6
Relve?sue 11,000 to 13,999 10.9 95 12.0 105
Cvele 14,000 to 19,999 10.7 9.3 11.8 10.2
y 20,000 to 27,999 9.4 9.4 10.3 10.3
>=28,000 9.0 9.4 9.9 10.3
With <14,000 9.8 9.3 10.8 10.2
Reverse 14,000 to 19,999 9.8 8.7 10.8 9.6
Cycle >=20,000 9.3 8.7 10.2 9.6
Casement only 9.5 10.5
Casement-Slider 104 11.4

Side louvers extend from a room air conditioner model in order to position the unit in a window. A model without
louvered sides is placed in a built-in wall sleeve and are commonly referred to as "through-the-wall" or "built-in"
models.

Casement-only refers to a room air conditioner designed for mounting in a casement window of a specific size.

Casement-slider refers to a room air conditioner with an encased assembly designed for mounting in a sliding or
casement window of a specific size.

Reverse cycle refers to the heating function found in certain room air conditioner models.

b) Early Replacement: the early removal of an existing residential inefficient Room AC 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.

This measure was developed to be applicable to the following program types: TOS, NC, EREP.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the new room air conditioning unit must meet the ENERGY STAR version 4.0 (effective
October 26 2015)84 efficiency standards presented above.

82 See DOE’s Appliance and Equipment Standards for Room AC;
83 ENERGY STAR Version 4.0 Room Air Conditioners Program Requirements
84 ENERGY STAR Version 4.0 Room Air Conditioners Program Requirements
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DEFINITION OF BASELINE EQUIPMENT

Time of Sale: the baseline assumption is a new room air conditioning unit that meets the Federal Standard (effective
June 1%, 2014)85 efficiency standards as presented above.

Early Replacement: the baseline is the existing Room AC for the assumed remaining useful life of the unit and the
new baseline as defined above for the remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is assumed to be 12 years®,

Remaining life of existing equipment is assumed to be 4 years®’
DEEMED MEASURE COST

Time of Sale: The incremental cost for this measure is assumed to be $40 for a ENERGY STAR unit®88.

Early Replacement: The measure cost is the full cost of removing the existing unit and installing a new one. The
actual program cost should be used. If unavailable assume $448 for ENERGY STAR unit8°,

The avoided replacement cost (after 4 years) of a baseline replacement unit is $432.90 This cost should be discounted
to present value using the nominal societal discount rate.

LOADSHAPE
Loadshape RO8 - Residential Cooling

COINCIDENCE FACTOR

The coincidence factor for this measure is assumed to be 0.392,

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
Time of Sale: AkWh = (FLHRroomac * Btu/H * (1/CEERbase - 1/CEERee))/1000

Early Replacment:

AkWh for remaining life of existing unit (1% 4 years) = (FLHroomac * Btu/H * (1/(EERexist/1.01) -
1/CEERee))/1000

AkWh for remaining measure life (next 8 years) = (FLHroomac * Btu/H * (1/CEERbase - 1/CEERee))/1000
Where:

85 See DOE’s Appliance and Equipment Standards for Room AC.

86 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.
87 Standard assumption of one third of effective useful life.

88 Incremental cost based on field study conducted by Efficiency Vermont.

89 Based on IL PHA Efficient Living Program Data for 810 replaced units showing $416 per unit plus $32 average
recycling/removal cost.

90 Estimate based upon Time of Sale incremental costs and applying inflation rate of 1.91%.

91 Consistent with coincidence factors found in: RLW Report: Final Report Coincidence Factor Study Residential Room Air
Conditioners, June 23, 2008.
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FLHRoomac = Full Load Hours of room air conditioning unit
= dependent on location®2:

Climate Zone

(City based upon) e e
1 (Rockford) 220
2 (Chicago) 210
3 (Springfield) 319
4 (Belleville) 428
5 (Marion) 374
Weighted Average®® 248

Btu/H = Size of rebated unit
= Actual. If unknown assume 8500 Btu/hr%
EERexist =Efficiency of existing unit
= Actual. If unknown assume 7.7
1.01 = Factor to convert EER to CEER (CEER includes standby and off power consumption)9.
CEERbase = Combined Energy Efficiency Ratio of baseline unit
= As provided in tables above
CEERee = Combined Energy Efficiency Ratio of ENERGY STAR unit

= Actual. If unknown assume minimum qualifying standard as provided in tables above

92 Full load hours for room AC is significantly lower than for central AC. The average ratio of FLH for Room AC (provided in RLW
Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008) to FLH for Central Cooling for
the same location is 31%. This ratio is applied to those IL cities that have FLH for Central Cooling provided in the ENERGY STAR
calculator. For other cities this is extrapolated using the FLH assumptions VEIC have developed for Central AC. There is a county
mapping table in Volume 1, Section 3.7 providing the appropriate city to use for each county of Illinois.

93 Weighted based on number of residential occupied housing units in each zone.

94 Based on maximum capacity average from the RLW Report: Final Report Coincidence Factor Study Residential Room Air
Conditioners, June 23, 2008

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

% Since the existing unit will be rated in EER, this factor is used to appropriately compare with the new CEER rating. Version 3.0
of the ENERGY STAR specification provided equivalent EER and CEER ratings and for the most popular size band the EER rating is
approximately 1% higher than the CEER. See ‘ENERGY STAR Version 3.0 Room Air Conditioners Program Requirements’.
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Time of Sale:
For example for an 8,500 Btu/H capacity unit, with louvered sides, in an unknown location:
AkWHenergystar - = (248 * 8500 * (1/10.9 - 1/12.0)) / 1000
=17.7 kWh
Early Replacement:

A 7.7EER, 9000Btu/h unit is removed from a home in Springfield and replaced with an ENERGY STAR unit with
louvered sides:

AkWh for remaining life of existing unit (1%t 4 years) =(319 * 9000 * (1/(7.7/1.01) - 1/12.0))/1000

=137.3 kWh
AkWh for remaining measure life (next 8 years) =(319 * 9000 * (1/10.9 - 1/12.0))/1000
=24.1 kWh
SUMMER COINCIDENT PEAK DEMAND SAVINGS
Time of Sale: AkW = Btu/H * ((1/(CEERbase *1.01) - 1/(CEERee * 1.01)))/1000) * CF
Early Replacement: AkW = Btu/H * ((1/EERexist - 1/(CEERee * 1.01)))/1000) * CF
Where:
CF = Summer Peak Coincidence Factor for measure
=0.3%
1.01 = Factor to convert CEER to EER (CEER includes standby and off power consumption) 9.
Other variable as defined above
Time of Sale:

For example for an 8,500 Btu/H capacity unit, with louvered sides, for an unknown location:
AkWecee TiEr 1 = (8500 * (1/(10.9 * 1.01) - 1/(12.0*1.01))) / 1000 * 0.3
=0.021 kW
Early Replacement:

A 7.7 EER, 9000Btu/h unit is removed from a home in Springfield and replaced with an ENERGY STAR unit with
louvered sides:

AkW for remaining life of existing unit (1% 4 years) =(9000 * (1/7.7 -1/(12.0 * 1.01)))/1000 * 0.3
=0.128 kW

AkW for remaining measure life (next 8 years) =(9000 * (1/(10.9 * 1.01) - 1/(12.0 * 1.01)))/1000 *
0.3

=0.022 kW

NATURAL GAS SAVINGS

N/A

97 Consistent with coincidence factors found in: RLW Report: Final Report Coincidence Factor Study Residential Room Air
Conditioners, June 23, 2008

%8 Since the new CEER rating includes standby and off power consumption, for peak calculations it is more appropriate to apply
the EER rating, but it appears as though new units will only be rated with a CEER rating. Version 3.0 of the ENERGY STAR
specification provided equivalent EER and CEER ratings and for the most popular size band the EER rating is approximately 1%
higher than the CEER. See ‘ENERGY STAR Version 3.0 Room Air Conditioners Program Requirements’.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-APL-ESRA-V07-190101

REVIEW DEADLINE: 1/1/2022
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5.1.8 Refrigerator and Freezer Recycling

DESCRIPTION

This measure describes savings from the retirement and recycling of inefficient but operational refrigerators and
freezers. Savings are provided based on a 2013 workpaper provided by Cadmus that used data from a 2012 ComEd
metering study and metering data from a Michigan study, to develop a regression equation that uses key inputs
describing the retired unit. The savings are equivalent to the Unit Energy Consumption of the retired unit and should
be claimed for the assumed remaining useful life of that unit. A part use factor is applied to account for those
secondary units that are not in use throughout the entire year. The reader should note that the regression algorithm
is designed to provide an accurate portrayal of savings for the population as a whole and includes those parameters
that have a significant effect on the consumption. The precision of savings for individual units will vary.

For Net to Gross factor considerations, please refer to section 4.2 Appliance Recycling Protocol of Appendix A: lllinois
Statewide Net-to-Gross Methodologies of Volume 4.0 Cross Cutting Measures and Attachments.

This measure was developed to be applicable to the following program types: ERET.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

N/A

DEFINITION OF BASELINE EQUIPMENT

The existing inefficient unit must be operational and have a capacity of between 10 and 30 cubic feet.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The estimated remaining useful life of the recycling units is 6.5 years %°.

DEEMED MEASURE COST

Measure cost includes the customer’s value placed on their lost amenity, any customer transaction costs, and the
cost of pickup and recycling of the refrigerator/freezer and should be based on actual costs of running the program.
The payment (bounty) a Program Administrator makes to the customer serves as a proxy for the value the customer
places on their lost amenity and any customer transaction costs. If unknown assume $1701% per unit.

LOADSHAPE
Loadshape RO5 - Residential Refrigerator

COINCIDENCE FACTOR

The coincidence factor is assumed to be 0.00012.

99 DOE refrigerator and freezer survival curves are used to calculate RUL for each equipment age and develop a RUL schedule.
The RUL of each unit in the ARCA database is calculated and the average RUL of the dataset serves as the final measure RUL.
Refrigerator recycling data from ComEd (PY7-PY9) and Ameren (PY6-PY8) were used to determined EUL with the DOE survival
curves from the 2009 TSD. A weighted average of the retailer ComEd data and the Ameren data results in an average of 6.5
years. See Navigant ‘ComEd Effective Useful Life Research Report’, May 2018.

100 The $170 default assumption is based on $120 cost of pickup and recycling per unit and $50 proxy for customer transaction
costs and value customer places on their lost amenity. $120 is cost of pickup and recycling based on similar Efficiency Vermont
program. $50 is bounty, based on Ameren and ComEd program offerings as of 7/27/15.
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Algorithm

CALCULATION OF SAVINGS

ENERGY SAVINGS!O?

Refrigerators:

Energy savings for refrigerators are based upon a linear regression model using the following
coefficientst02;

Independent Variable Description Estimate Coefficient

Intercept 83.324

Age (years) 3.678
Pre-1990 (=1 if manufactured pre-1990) 485.037

Size (cubic feet) 27.149
Dummy: Side-by-Side (= 1 if side-by-side) 406.779
Dummy: Primary Usage Type (in absence of the program)

(= 1 if primary unit) 161.857
Interaction: Located in Unconditioned Space x CDD/365.25 15.366
Interaction: Located in Unconditioned Space x HDD/365.25 -11.067

AKWh = [83.32 + (Age * 3.68) + (Pre-1990 * 485.04) + (Size * 27.15) + (Side-by-side * 406.78) +
(Proportion of Primary Appliances * 161.86) + (CDD/365.25 * unconditioned * 15.37) +
(HDD/365.25 *unconditioned *-11.07)] * Part Use Factor

Where:
Age = Age of retired unit
Pre-1990 = Pre-1990 dummy (=1 if manufactured pre-1990, else 0)
Size = Capacity (cubic feet) of retired unit
Side-by-side = Side-by-side dummy (= 1 if side-by-side, else 0)
Primary Usage = Primary Usage Type (in absence of the program) dummy

(=1 if Primary, else 0)
Interaction: Located in Unconditioned Space x CDD/365.25
(=1 * CDD/365.25 if in unconditioned space)
CDD = Cooling Degree Days
= Dependent on location193;

Climate Zone
(City based upon)
1 (Rockford) 820 2.25

CDD 65 CDD/365.25

101 Based on the specified regression, a small number of units may have negative energy and demand consumption. These are a
function of the unit size and age, and should comprise a very small fraction of the population. While on an individual basis this
result is counterintuitive it is important that these negative results remain such that as a population the average savings is
appropriate.

102 Energy savings are based on an average 30-year TMY temperature of 51.1 degrees. Coefficients provided in July 30, 2014
memo from Cadmus: “Appliance Recycling Update no single door July 30 2014”.

103 National Climatic Data Center, calculated from 1981-2010 climate normals with a base temp of 65°F.
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Climate Zone

(City based upon) CDD 65 CDD/365.25

2 (Chicago) 842 2.31
3 (Springfield) 1,108 3.03
4 (Belleville) 1,570 4.30
5 (Marion) 1,370 3.75

Interaction: Located in Unconditioned Space x HDD/365.25
(=1 * HDD/365.25 if in unconditioned space)
HDD = Heating Degree Days
= Dependent on location:104

Climate Zone HDD 65 HDD/365.25

(City based upon)

1 (Rockford) 6,569 17.98
2 (Chicago) 6,339 17.36
3 (Springfield) 5,497 15.05
4 (Belleville) 4,379 11.99
5 (Marion) 4,476 12.25

Part Use Factor = To account for those units that are not running throughout the entire year. The most
recent part-use factor participant survey results available at the start of the current
program year shall be used.195 For illustration purposes, this example uses 0.93.106

For example, the program averages for AIC’s ARP in PY4 produce the following equation:
AkWh =[83.32 +(22.81 *3.68) + (0.45 * 485.04) + (18.82 * 27.15) + (0.17 * 406.78)
+(0.34 * 161.86) + (1.29 * 15.37) + (6.49 * -11.07)] * 0.93
=969 * 0.93
=900.9 kWh

Freezers:

Energy savings for freezers are based upon a linear regression model using the following
coefficients107;

Independent Variable Description Estimate Coefficient

Intercept 132.122
Age (years) 12.130
Pre-1990 (=1 if manufactured pre-1990) 156.181
Size (cubic feet) 31.839
Chest Freezer Configuration (=1 if chest freezer) -19.709

104 National Climatic Data Center, calculated from 1981-2010 climate normals with a base temp of 65°F.

105 For example, the part-use factor that shall be applied to the current program year t (PYt) for savings verification purposes
should be determined through the PYt-2 participant surveys conducted in the respective utility’s service territory, if available. If
an evaluation was not performed in PYt-2 the latest available evaluation should be used.

106 Most recent refrigerator part-use factor from Ameren lllinois PY5 evaluation.

107 Energy savings are based on an average 30-year TMY temperature of 51.1 degrees. Coefficients provided in January 31, 2013
memo from Cadmus: “Appliance Recycling Update”.
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Independent Variable Description Estimate Coefficient

Interaction: Located in Unconditioned Space x 9.778
CDD/365.25 '
Interaction: Located in Unconditioned Space x 12,755
HDD/365.25 '

AkWh  =[132.12 + (Age * 12.13) + (Pre-1990 * 156.18) + (Size * 31.84) + (Chest Freezer * -19.71)
+ (CDDs* unconditioned *9.78) + (HDDs*unconditioned *-12.75)] * Part Use Factor

Where:
Age = Age of retired unit
Pre-1990 = Pre-1990 dummy (=1 if manufactured pre-1990, else 0)
Size = Capacity (cubic feet) of retired unit
Chest Freezer = Chest Freezer dummy (= 1 if chest freezer, else 0)

Interaction: Located in Unconditioned Space x CDD/365.25
(=1 * CDD/365.25 if in unconditioned space)
CDD = Cooling Degree Days (see table above)
Interaction: Located in Unconditioned Space x HDD/365.25
(=1 * HDD/365.25 if in unconditioned space)
HDD = Heating Degree Days (see table above)

Part Use Factor = To account for those units that are not running throughout the entire year. The most
recent part-use factor participant survey results available at the start of the current
program year shall be used.1%8 . For illustration purposes, the example uses 0.85.10°

The program averages for AIC’s ARP PY4 program are used as an example.
AkWh =[132.12 +(26.92 * 12.13) + (0.6 * 156.18) + (15.9 * 31.84) + (0.48 * -19.71)
+(6.61 *9.78) + (1.3 *-12.75)] * 0.825
=977 * 0.825
=905 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW  =kWh/8766 * CF
Where:
kWh = Savings provided in algorithm above
CF = Coincident factor defined as summer kW/average kW
=1.081 for Refrigerators

=1.028 for Freezers110

108 For example, the part-use factor that shall be applied to the current program year t (PYt) for savings verification purposes
should be determined through the PYt-2 participant surveys conducted in the respective utility’s service territory, if available. If
an evaluation was not performed in PYt-2 the latest available evaluation should be used.

105 Most recent freezer part-use factor from Ameren lllinois Company PY5 evaluation.

110 Cadmus memo, February 12, 2013; “Appliance Recycling Update”
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For example, the program averages for AIC’s ARP in PY4 produce the following equation:

AkW  =806/8766 * 1.081
=0.099 kW

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-APL-RFRC-V07-190101

REVIEW DEADLINE: 1/1/2022
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5.1.9 Room Air Conditioner Recycling

DESCRIPTION

This measure describes the savings resulting from running a drop off service taking existing residential, inefficient
Room Air Conditioner units from service, prior to their natural end of life. This measure assumes that though a
percentage of these units will be replaced this is not captured in the savings algorithm since it is unlikely that the
incentive made someone retire a unit that they weren’t already planning to retire. The savings therefore relate to
the unit being taken off the grid as opposed to entering the secondary market. The Net to Gross factor applied to
these units should incorporate adjustments that account for those participants who would have removed the unit
from the grid anyway.

This measure was developed to be applicable to the following program types: ERET.

If applied to other program types, the measure savings should be verified.
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 LIFETIME OF EFFICIENT EQUIPMENT

The assumed remaining useful life of the existing room air conditioning unit being retired is 4 years*!*.
DEEMED MEASURE COST

The actual implementation cost for recycling the existing unit should be used.

LOADSHAPE

Loadshape RO8 - Residential Cooling

COINCIDENCE FACTOR

The coincidence factor for this measure is assumed to be 30%*2.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = ((FLHroomac * Btu/hr * (1/EERexist))/1000)
Where:

FLHRoomaAc = Full Load Hours of room air conditioning unit

111 A third of assumed measure life for Room AC.
112 Consistent with coincidence factors found in: RLW Report: Final Report Coincidence Factor Study Residential Room Air
Conditioners, June 23, 2008.
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= dependent on location!3:

Climate Zone

(City based upon) A fezorrs
1 (Rockford) 220
2 (Chicago) 210
3 (Springfield) 319
4 (Belleville) 428
5 (Marion) 374
Weighted Average!* 248

Btu/H = Size of retired unit
= Actual. If unknown assume 8500 Btu/hr 1%°
EERexist = Efficiency of existing unit

=9.816

For example for an 8500 Btu/h unit in Springfield:
AkWh =((319 * 8500 * (1/9.8)) / 1000)
=276 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = (Btu/hr * (1/EERexist))/1000) * CF
Where:
CF = Summer Peak Coincidence Factor for measure

=031

For example an 8500 Btu/h unit:
AKW  =(8500 * (1/9.8)) / 1000) * 0.3
=0.26 kW

NATURAL GAS SAVINGS

N/A

113 The average ratio of FLH for Room AC (provided in RLW Report: Final Report Coincidence Factor Study Residential Room Air
Conditioners, June 23, 2008) to FLH for Central Cooling for the same location is 31%. This ratio is applied to those IL cities that
have FLH for Central Cooling provided in the ENERGY STAR calculator. For other cities this is extrapolated using the FLH
assumptions VEIC have developed for Central AC. There is a county mapping table in Volume 1, Section 3.7 providing the
appropriate city to use for each county of lllinois.

114 Weighted based on number of residential occupied housing units in each zone.

115 Based on maximum capacity average from the RLW Report: Final Report Coincidence Factor Study Residential Room Air
Conditioners, June 23, 2008

116 Minimum Federal Standard for most common room AC type (8000-14,999 capacity range with louvered sides) per federal
standards from 10/1/2000 to 5/31/2014. Note that this value is the EER value, as CEER were introduced later.

117 Consistent with coincidence factors found in:

RLW Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June 23, 2008.

2020 IL TRM v8.0 Vol. 3_October 17, 2019_Final Page 45 of 346



Illinois Statewide Technical Reference Manual — 5.1.9 Room Air Conditioner Recycling

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-APL-RARC-V02-190101

REVIEW DEADLINE: 1/1/2023
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5.1.10 ENERGY STAR Clothes Dryer

DESCRIPTION

This measure relates to the installation of a residential clothes dryer meeting the ENERGY STAR criteria. ENERGY
STAR qualified clothes dryers save energy through a combination of more efficient drying and reduced runtime of
the drying cycle. More efficient drying is achieved through increased insulation, modifying operating conditions such
as air flow and/or heat input rate, improving air circulation through better drum design or booster fans, and
improving efficiency of motors. Reducing the runtime of dryers through automatic termination by temperature and
moisture sensors is believed to have the greatest potential for reducing energy use in clothes dryers1!®, ENERGY
STAR provides criteria for both gas and electric clothes dryers.

This measure was developed to be applicable to the following program types: TOS, NC. If applied to other program
types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT
Clothes dryer must meet the ENERGY STAR criteria, as required by the program.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is a clothes dryer meeting the minimum federal requirements for units manufactured on or
after January 1, 2015.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 16 years!19,

DEEMED MEASURE COST

The incremental cost for an ENERGY STAR clothes dryer is assumed to be $152120
LOADSHAPE

Loadshape R17 - Residential Electric Dryer

COINCIDENCE FACTOR

The coincidence factor for this measure is 3.8%121,

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = (Load/CEFbase — Load/CEFeff) * Ncycles * %Electric

118 ENERGY STAR Market & Industry Scoping Report. Residential Clothes Dryers. Table 8. November 2011.

115 Based on DOE Rulemaking Technical Support Document, LCC Chapter, 2011, as recommended in Navigant ‘ComEd Effective
Useful Life Research Report’, May 2018.

120 Based on the difference in installed cost for an efficient dryer ($716) and standard dryer ($564) (see “ACEEE Clothes
Dryers.pdf”).

121 Based on coincidence factor of 3.8% for clothes washers
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Where:
Load = The average total weight (Ibs) of clothes per drying cycle. If dryer size is unknown,
assume standard.
Dryer Size ‘ Load (Ibs)'?
Standard 8.45
Compact 3
CEFbase = Combined energy factor (CEF) (lbs/kWh) of the baseline unit is based on existing federal
standards energy factor and adjusted to CEF as performed in the ENERGY STAR
analysis123, If product class unknown, assume electric, standard.
Product Class CEF (lbs/kWh)
Vented Electric, Standard (> 4.4 ft3) 3.11
Vented Electric, Compact (120V) (< 4.4 ft3) 3.01
Vented Electric, Compact (240V) (<4.4 ft3) 2.73
Ventless Electric, Compact (240V) (<4.4 ft3) 2.13
Vented Gas 2.84124
CEFeff = CEF (Ibs/kWh) of the ENERGY STAR unit based on ENERGY STAR requirements.125 If
product class unknown, assume electric, standard.
Product Class CEF (lbs/kWh)
Vented or Ventless Electric, Standard (= 4.4 ft3) 3.93
Vented or Ventless Electric, Compact (120V) (< 4.4 ft3) 3.80
Vented Electric, Compact (240V) (< 4.4 ft3) 3.45
Ventless Electric, Compact (240V) (< 4.4 ft3) 2.68
Vented Gas 3.48126
Ncycles = Number of dryer cycles per year. Use actual data if available. If unknown, use 283 cycles
per year.127
%Electric = The percent of overall savings coming from electricity

=100% for electric dryers, 16% for gas dryers128

122 Based on ENERGY STAR test procedures.

123 ENERGY STAR Draft 2 Version 1.0 Clothes Dryers Data and Analysis

124 Federal standards report CEF for gas clothes dryers in terms of Ibs/kWh. To determine gas savings, this number is later
converted to therms.

125 ENERGY STAR Clothes Dryers Key Product Criteria.

126 Federal standards report CEF for gas clothes dryers in terms of lbs/kWh. To determine gas savings, this number is later
converted to therms.

127 Appendix D to Subpart B of Part 430 — Uniform Test Method for Measuring the Energy Consumption of Dryers.

128 %Electric accounts for the fact that some of the savings on gas dryers comes from electricity (motors, controls, etc). 16% was
determined using a ratio of the electric to total savings from gas dryers given by ENERGY STAR Draft 2 Version 1.0 Clothes
Dryers Data and Analysis.
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Example
Time of Sale: For example, a standard, vented, electric clothes dryer:
AkWh  =((8.45/3.11-8.45/3.93) * 283 * 100%)
=160 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh/Hours * CF

Where:
AkWh = Energy Savings as calculated above
Hours = Annual run hours of clothes dryer. Use actual data if available. If unknown, use 283
hours per year.129
CF = Summer Peak Coincidence Factor for measure
=3.8%130
Example

Time of Sale: For example, a standard, vented, electric clothes dryer:
AkW =160/283 * 3.8%
=0.0215 kW

NATURAL GAS SAVINGS

Natural gas savings only apply to ENERGY STAR vented gas clothes dryers.
ATherm = (Load/EFbase — Load/CEFeff) * Ncycles * Therm_convert * %Gas
Where:
Therm_convert = Conversion factor from kWh to Therm
=0.03412
%Gas = Percent of overall savings coming from gas

= 0% for electric units and 84% for gas units13!

Example
Time of Sale: For example, a standard, vented, gas clothes dryer:
ATherm =(8.45/2.84 — 8.45/3.48) * 283 * 0.03412 * 0.84
=4.44 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

125 ENERGY STAR qualified dryers have a maximum test cycle time of 80 minutes. Assume one hour per dryer cycle.

130 Based on coincidence factor of 3.8% for clothes washers.

131 %Gas accounts for the fact that some of the savings on gas dryers comes from electricity (motors, controls, etc). 84% was
determined using a ratio of the gas to total savings from gas dryers given by ENERGY STAR Draft 2 Version 1.0 Clothes Dryers
Data and Analysis.
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DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-APL-ESDR-V03-200101

REVIEW DEADLINE: 1/1/2021
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5.1.11 ENERGY STAR Water Coolers

DESCRIPTION

Water coolers are a home appliance that offer consumers the ability to enjoy hot and/or cold water on demand. This
measure is the characterization of the purchasing and use of an ENERGY STAR certified water cooler in place of a
conventional water cooler.

This measure was developed to be applicable to the following program types: TOS, NC.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

The high efficiency equipment is an ENERGY STAR certified water cooler meeting the ENERGY STAR 2.0 efficiency
criteria.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is a standard or conventional, non-ENERGY STAR certified water cooler.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The estimated useful life for a water cooler is 10 years132,

DEEMED MEASURE COST

The incremental cost for this measure is estimated at $17133.

LOADSHAPE

Loadshape C53: Flat

COINCIDENCE FACTOR

The summer peak coincidence factor is assumed to be 1.0.

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = (kthase - kWhee) * Days
Where:

kWhoase = Daily energy use (kWh/day) for baseline water cooler!34

Type of Water Cooler kWhbase

Hot and Cold Water — Storage 1.090
Hot and Cold Water — On Demand 0.330
Cold Water Only 0.290

132 Savings Calculator for ENERGY STAR Certified Water Coolers, last updated 2009.
133 Ameren Missouri PY3 Evaluation Report.
134 Savings Calculator for ENERGY STAR Certified Water Coolers, last updated 2009.
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kWhee = Daily energy use (kWh/day) for ENERGY STAR water cooler!3>

Type of Water Cooler kWhee

Hot and Cold Water — Storage 0.747

Hot and Cold Water — On Demand 0.170

Cold Water Only 0.157
Days = Number of days per year that the water cooler is in use

=365.25 days136

Energy Savings:

Type of Water Cooler AkWh

Hot and Cold Water — Storage 125.4
Hot and Cold Water — On Demand 58.4
Cold Water Only 48.7

DEMAND SAVINGS

AkW = AkWh / Hours * CF
Where:

Hours = Number of hours per year water cooler is in use
= 8766 hours137

CF = Summer Peak Coincidence Factor for measure
=1.0

Demand Savings:

Type of Water Cooler AkW
Hot and Cold Water - Storage 0.0143
Hot and Cold Water — On Demand 0.0067
Cold Water Only 0.0056

NATURAL GAS SAVINGS

N/A

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

135 Average kWh/day for from the ENERGY STAR efficient product database.

136 Savings Calculator for ENERGY STAR Certified Water Coolers, last updated 2009.

137 Assumed 365 days per year and 24 hours per day as utilized in daily energy consumption from ENERGY STAR Program
Requirements Product Specification for Water Coolers Test Method.
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MEASURE CODE: RS-APL-WTCL-V01-180101

REVIEW DEADLINE: 1/1/2024
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5.1.12 Ozone Laundry

DESCRIPTION

A new ozone laundry system is added-on to new or existing residential clothes washing machine(s) or washing
machines located in multifamily building common areas. The system generates ozone (0O3), a naturally occurring
molecule, which helps clean fabrics by chemically reacting with soils in cold water. Adding an ozone laundry
system(s) eliminate the use of chemicals, detergents, and hot water by residential washing machine(s).

Energy savings will be achieved at the domestic hot water heater as it will no longer supply hot water to the washing
machine. Cold water usage by the clothes washer will increase, but overall water usage will stay constant.

This measure was developed to be applicable to the following program types: TOS, RNC, RF
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

A new, single-unit ozone laundry system(s) rated for residential clothes washing machines is added-on to new or
existing residential clothes washing machines. The ozone laundry system must be connected to both the hot and
cold water inlets of the clothes washing machine so that hot water from the domestic hot water heater is no longer
provided to the clothes washer.

The ozone laundry system(s) must transfer ozone into the water through:

e  Venturiinjection
e  Bubble diffusion
e Additional applications may be considered upon program review and approval on a case by case basis

DEFINITION OF BASELINE EQUIPMENT

The base case equipment is a conventional residential washing machine with no ozone generator installed. The
washing machine is provided hot water from a domestic hot water heater.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure equipment effective useful life (EUL) is estimated at 8 years based on the typical lifetime of products
currently available in the market.138

DEEMED MEASURE COST

The deemed measure cost is $300 for a new single-unit ozone laundry system?3°
LOADSHAPE

Loadshape R0O1 — Residential Clothes Washer

COINCIDENCE FACTOR

The coincidence factor for this measure is 3.8%140,

138 Average based on conversations with manufacturers and distributors of the four residential ozone laundry systems tested in
the 2018 GTI Residential Ozone Laundry Field Demonstration (O3 Pure, Pure Wash, Eco Washer, Scent Crusher).

139 2018 GTI Residential Ozone Laundry Field Demonstration (May 2018).

140 Calculated from Itron eShapes, 8760 hourly data by end use for Missouri, as provided by Ameren.
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Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = kWhHotWash * (%HotWashbpase - %HotWashozone)
Where:

kWhHotWash = (%ElectricDHW * Capacity * IWF * %HotWater * (Tour- Tin) * 8.33 * 1.0 * Ncycles) /
(RE_electric * 3.412)

%ElectricDHW = Proportion of water heating supplied by electric heating

DHW fuel | %FossilDHW
Electric 100%
Natural gas 0%
Unknown 16%4!
Capacity = Clothes washer capacity (cubic feet).

= Actual. If unknown, assume 5.0 cubic feet.142
IWF = Integrated water factor (gallons/cycle/ft3).

= Actual. If unknown, use the following values

IWF (gallons/cycle/ft3

Efficiency Level

Top loading > 2.5 Cu ft \ Front Loading > 2.5 Cu ft

Federal Standard (as of March 2015) 8.4 4.7
ENERGY STAR (as of February 2018) 4.3 3.2
CEE Tier 3 3.2 3.2
%HotWater = Percentage of water usage that is supplied by the domestic hot water heater when the

hot or warm wash cycles are selected.143

Single-Family Home \ Multifamily
0.1759 0.2960

141 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for Midwest Region,
data for the state of IL. If utilities have specific evaluation results providing a more appropriate assumption for homes in a
particular market or geographical area then that should be used.

142 Average data from GTI Residential Ozone Laundry Field Demonstration (May 2018). As an add on to existing equipment it is
assumed this is a larger capacity than the assumption for new Clothes Washers as old machines tended to have larger capacities.
See ‘Residential Ozone Summary Calcs_2019.xIsx’ and ‘Multifamily Ozone Summary Calcs_2019.xIsx’ for more information. If
utilities have specific evaluation results providing a more appropriate assumption for homes in a particular market or geographical
area then that should be used. 13 Averaged data from GTI Residential Ozone Laundry Field Demonstration (May 2018). Hot and
warm wash cycles were combined because data from the EIA Resicential Energy Consumption Survey (RECS) 2015 East North
Central Region show that, of the total hot and warm washes that occur, over 96% are warm washes. See ‘Residential Ozone
Summary Calcs_2019.xIsx’ and ‘Multifamily Ozone Summary Calcs_2019.xIsx’ for more information.

143 Averaged data from GTI Residential Ozone Laundry Field Demonstration (May 2018). Hot and warm wash cycles were
combined because data from the EIA Resicential Energy Consumption Survey (RECS) 2015 East North Central Region show that,
of the total hot and warm washes that occur, over 96% are warm washes. See ‘Residential Ozone Summary Calcs_2019.xlsx” and
‘Multifamily Ozone Summary Calcs_2019.xIsx’ for more information.
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Tour = Tank temperature
=125°F
Tin = Incoming water temperature from well or municipal system
= 54,1°F144
8.33 = Specific weight of water (lbs/gallon)
1.0 = Heat capacity of water (Btu/Ib °F)
Ncycles = Number of Cycles per year
Single-Family Home Multifamily
RE_electric = Recovery efficiency of electric water heater
=98% 147
3412 = Btus to kWh conversion (Btu/kWh)
%HotWashpase = Average percentage of loads that use hot or warm water with baseline equipment. 148
Single-Family Home \ Multifamily
0.7743 0.7438

%HotWashozone = Percentage of loads that use hot or warm water with efficient equipment.

=0.0

For example, a residential ozone laundry system is installed in a single-family home with an electric domestic
hot water heater. The capacity and IWF of the baseline equipment is unknown.

AkWh = (1*5.0*8.4*0.1759 * (125 — 54.1) * 8.33 * 1.0 * 295) / (0.98 * 3412) * (0.7743 - 0)
=298 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = AkWh/Hours * CF
Where:
AkWh = Energy Savings as calculated above

Hours = Assumed Run hours of Clothes Washer

144 US DOE Building America Program. Building America Analysis Spreadsheet.

145 Weighted average of clothes washer cycles per year (based on 2009 Residential Energy Consumption Survey (RECS) national
sample survey of housing appliances section, state of lllinois.

If utilities have specific evaluation results providing a more appropriate assumption for single-family or Multifamily homes, in a
particular market, or geographical area then that should be used.

146 DOE Technical Support Document Chapter 6, 2010 https://www.regulations.gov/contentStreamer?documentId=EERE-2006-
STD-0127-0118&attachmentNumber=8&disposition=attachment&contentType=pdf

147 Electric water heaters have recovery efficiency of 98%.
148 GTI Residential Ozone Laundry Field Demonstration (May 2018). See ‘Residential Ozone Summary Calcs_2019.xIsx’ and
‘Multifamily Ozone Summary Calcs_2019.xIsx’ for more information.
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=264 hours14®
CF = Summer Peak Coincidence Factor for measure.

=0.0381%0

For example, a residential ozone laundry system is installed in a single-family home with an electric domestic
hot water heater. The capacity and IWF of the baseline equipment is unknown.

AkW  =298/295 * 0.038
=0.038kw

NATURAL GAS SAVINGS

ATherm = ThermHotWash * (%HotWashpase - %6HotWashozone)
Where:

ThermHotWash = (%FossilDHW * Capacity * IWF * %HotWater * (Tour- Tin) * 8.33 * 1.0 * Ncycles) /
(RE_gas * 100,000)

%FossilDHW = proportion of water heating supplied by natural gas heating
DHW fuel | %FossilDHW
Electric 0%
Natural gas 100%
Unknown 84%151
RE_gas = Recovery efficiency of gas water heater
Single-Family Homes Multifamily
78%1%2 67%%153
100,000 = Btus to Therms conversion (Btu/Therm).

For example, a residential ozone laundry system is installed in a single-family home with a gas domestic hot
water heater. The capacity and IWF of the baseline equipment is unknown.

ATherms =(1*5.0*8.4*0.1759 * (125-54.1) *8.33 * 1.0 * 295) / (0.78 * 100,000) * (0.7743
-0)
=12.78 Therms

149 Based on a weighted average of 264 clothes washer cycles per year assuming an average load runs for one hour.

150 Calculated from Itron eShapes, 8760 hourly data by end use for Missouri, as provided by Ameren.

151 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for Midwest Region,
data for the state of IL. If utilities have specific evaluation results providing a more appropriate assumption for homes in a
particular market or geographical area then that should be used.

152 DOE Final Rule discusses Recovery Efficiency with an average around 0.76 for Gas Fired Storage Water heaters and 0.78 for
standard efficiency gas fired tankless water heaters up to 0.95 for the highest efficiency gas fired condensing tankless water
heaters. These numbers represent the range of new units however, not the range of existing units in stock. Review of AHRI
Directory suggests range of recovery efficiency ratings for new Gas DHW units of 70-87%. Average of existing units is estimated
at 78%.

153 Water heating in Multifamily buildings is often provided by a larger central boiler. This suggests that the average recovery
efficiency is somewhere between a typical central boiler efficiency of 0.59 and the 0.75 for single family homes. An average
efficiency of 0.67 is used for this analysis as a default for Multifamily buildings.
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WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

LAUNDRY DETERGENT SAVINGS

Annual savings from not purchasing laundry detergent that are realized by efficient equipment end-user(s) ($/year).
Detergent savings per year = Detergent_cost * Ncycles

Where:

Detergent_cost = Average laundry detergent cost per load ($/load).

=0.16%%4

For example, a residential ozone laundry system is installed in a single-family home.
Detergent savings per year = 0.16 * 295
=$47.2

MEASURE CODE: RS-APL-OZNE-V02-200101

REVIEW DEADLINE: 1/1/2023

154 Based on cost analysis of products available on www.Jet.com and www.Amazon.com.
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5.2 Consumer Electronics End Use
5.2.1 Advanced Power Strip — Tier 1

DESCRIPTION

This measure relates to Advanced Power Strips — Tier 1 which are multi-plug surge protector 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.

This measure was developed to be applicable to the following program types: TOS, NC, DI, KITS.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

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

DEFINITION OF BASELINE EQUIPMENT

For time of sale or new construction applications, the assumed baseline is a standard power strip that does not
control connected loads.

For direct install and kits, the baseline is the existing equipment utilized in the home.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The assumed lifetime of the advanced power strip is 7 years15®,

DEEMED MEASURE COST

For time of sale or new construction the incremental cost of an advanced Tier 1 power strip over a standard power
strip with surge protection is assumed to be $10%°°,

For direct install the actual full equipment and installation cost (including labor) and for kits the actual full equipment
cost should be used.

LOADSHAPE

Loadshape R13 - Residential Standby Losses — Entertainment

Loadshape R14 - Residential Standby Losses - Home Office

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 80%1%7,

155 This is a consistent assumption with 5.2.2 Advanced Power Strip — Tier 2.

156 Price survey performed by lllume Advising LLC for IL TRM workpaper, see “Current Surge Protector Costs and Comparison 7-
2016” spreadsheet.

157 gfficiency Vermont 2016 TRM coincidence factor for advanced power 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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Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh  =kWh * ISR
Where:
kWh = Assumed annual kWh savings per unit

=56.5 kWh for 5-plug units or 103 kWh for 7-plug units58

ISR = In Service Rate, dependent on delivery mechanism
Delivery Mechanism \ ISR

Energy Efficiency Kit, Leave behind 40%15°

Community Distributed Kit 91%160

Direct Install, Time of Sale 100%

Using assumptions above:

# Plugs Delivery Mechanism AkWh
Energy Efficiency Kit, Leave behind 22.6

5- plug Community Distributed Kit 514
Direct Install, Time of Sale 56.5

Energy Efficiency Kit, Leave behind 41.2

7-plug Community Distributed Kit 93.8
Direct Install, Time of Sale 103.0

Energy Efficiency Kit, Leave behind 319

Unknown16? Community Distributed Kit 72.6
Direct Install, Time of Sale 80.0

158 NYSERDA Measure Characterization for Advanced Power Strips. Study based on review of:
Smart Strip Electrical Savings and Usability, Power Smart Engineering, October 27, 2008.

Final Field Research Report, Ecos Consulting, October 31, 2006. Prepared for California Energy Commission’s PIER Program.
Developing and Testing Low Power Mode Measurement Methods, Lawrence Berkeley National Laboratory (LBNL), September

2004. Prepared for California Energy Commission’s Public Interest Energy Research (PIER) Program.

2005 Intrusive Residential Standby Survey Report, Energy Efficient Strategies, March, 2006.

Smart Strip Portfolio of the Future, Navigant Consulting for San Diego G&E, March 31, 2009.

“Smart strip” in this context refers to the category of Advanced Power Strips, does not specifically signify Smart Strip® from BITS
Limited, and was used without permission. Smart Strip® is a registered trademark of BITS Smart Strip, LLC.

159 Opinion Dynamics and Navigant. Impact Evaluation for ComEd 2018 site visit efforts for leave-behind measures in public
housing multi-family units. The Evaluation Team completed site visits for 72 apartment units across seven of the ten participating
properties in which advanced power strips were installed. The Evaluation Team attempted a census using all data provided at the
time of site visit planning (Fall 2018). The program distributed a total of 476 advanced power strips, with 471 distributed amongst
the seven properties with completed site visits. The Team performed intrasite sampling within each property and verified a total

of 37 advanced power strips of the 92 within the sample.
160 Research from 2018 Ameren lllinois Income Qualified participant survey.
161 Calculated as average of 5 and 7 plug savings assumptions.
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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 Tier 1 Advanced power Strip.
=7,129 162
CF = Summer Peak Coincidence Factor for measure
=0.8 163
# Plugs Delivery Mechanism AkW
Energy Efficiency Kit, Leave behind 0.0025
5- plug Community Distributed Kit 0.0058
Direct Install, Time of Sale 0.0063
Energy Efficiency Kit, Leave behind 0.0046
7-plug Community Distributed Kit 0.0105
Direct Install, Time of Sale 0.0116
Energy Efficiency Kit, Leave behind 0.0036
Unknown164 Community Distributed Kit 0.0081
Direct Install, Time of Sale 0.0090

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-CEL-SSTR-V05-200101

REVIEW DEADLINE: 1/1/2024

162 Average of hours for controlled TV and computer from; NYSERDA Measure Characterization for Advanced Power Strips

163 Efficiency Vermont 2016 TRM coincidence factor for advanced power 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.

164 Calculated as average of 5 and 7 plug savings assumptions.
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5.2.2 Tier 2 Advanced Power Strips (APS) — Residential Audio Visual

DESCRIPTION

This measure relates to the installation of a Tier 2 Advanced Power Strip / surge protector for household audio visual
environments (Tier 2 AV APS). Tier 2 AV APS are multi-plug power strips that remove power from audio visual
equipment through intelligent control and monitoring strategies.

By utilizing advanced control strategies such as a countdown timer, external sensors (e.g. of infra-red remote usage
and/or occupancy sensors, true RMS (Root Mean Square) power sensing; both active power loads and standby
power loads of controlled devices are managed by Tier 2 AV APS devices!%°. Monitoring and controlling both active
and standby power loads of controlled devices will reduce the overall load of a centralized group of electrical
equipment (i.e. the home entertainment center). This more intelligent sensing and control process has been
demonstrated to deliver increased energy savings and demand reduction compared with ‘Tier 1 Advanced Power
Strips’.

The Tier 2 APS market is a relatively new and developing one. With several new Tier 2 APS products coming to
market, it is important that energy savings are clearly demonstrated through independent field trials. The IL
Technical Advisory Committee have developed a protocol whereby product manufacturers must submit
independent field trial evidence of the Energy Reduction Percentage of their particular product either to the TRM
Administrator for consideration during the TRM update process (August — December), or engage with a Program
Administrator’s independent evaluation team to review at other times. The product will be assigned a Product Class
(A-H) corresponding to the proven savings and all products in a class will claim consistent savings. The IL TRM
Administrator will maintain a list of eligible product and class on the IL TRM Sharepoint site. If a mid-year review has
taken place, supporting information should be posted on the Sharepoint site such that other program administrators
can review.

Due to the inherent variance day to day and week to week for hours of use of AV systems, it is critical that field trial
studies effectively address the variability in usage patterns. There is significant discussion in the EM&YV and academic
domain on the optimal methodology for controlling for these factors and in submitting evidence of energy savings,
it is critical that it is demonstrated that these issues are adequately addressed.

This measure was developed to be applicable to the following program types: DI. If applied to other program
delivery types, the installation characteristics including the number of AV devices under control and an appropriate
in service rate should be verified through evaluation.

Current evaluation is limited to Direct Install applications. Through a Direct Install program it can be assured that
the APS is appropriately set up and the customer is knowledgeable about its function and benefit. It is encouraged
that additional implementation strategies are evaluated to provide an indication of whether the units are
appropriately set up, used with AV equipment and that the customer is knowledgeable about its function and
benefit. This will then facilitate a basis for broadening out the deployment methods of the APS technology
category beyond Direct Install.

DEFINITION OF EFFICIENT EQUIPMENT

The efficient case is the use of a Tier 2 AV APS in a residential AV (home entertainment) environment that includes
control of at least 2 AV devices with one being the television16®,

Only Tier 2 AV APS products that have independent demonstrated energy savings via field trials are eligible.

165 Tier 2 AV APS identify when people are not engaged with their AV equipment and then remove power, for example a TV and
its peripheral devices that are unintentionally left on when a person leaves the house or for instance where someone falls asleep
while watching television.

166 Gjven this requirement, an AV environment consisting of a television and DVD player or a TV and home theater would be
eligible for a Tier 2 AV APS installation.
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The minimum product specifications for Tier 2 AV APS are:

Safety & longevity

Product and installation instructions shall comply with 2012 International Fire Code and 2000 NFPA 101 Life
Safety Code (IL Fire Code).

Third party tested to all applicable UL Standards.
Contains a resettable circuit breaker

Incorporates power switching electromechanical relays rated for 100,000 switching cycles at full 15 amp
load (equivalent to more than 10 years of use).

Energy efficiency functionality

Calculates real power as the time average of the instantaneous power, where instantaneous power is the
product of instantaneous voltage and current.

Delivers a warning when the countdown timer begins before an active power down event and maintains
the warning until countdown is concluded or reset by use of the remote or other specified signal

Uses an automatically adjustable power switching threshold.

DEFINITION OF BASELINE EQUIPMENT

The assumed baseline equipment is the existing equipment being used in the home (e.g. a standard power strip or
wall socket) that does not control loads of connected AV equipment.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The default deemed lifetime value for Tier 2 AV APS is assumed to be 7 years167,

DEEMED MEASURE COST

Direct Installation: The actual installed cost (including labor) of the new Tier 2 AV APS equipment should be used.

LOADSHAPE

Loadshape R13 - Residential Standby Losses — Entertainment

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 80%168

Algorithm

CALCULATION OF ENERGY SAVINGS

ELECTRIC ENERGY SAVINGS

Where:

AkWh = ERP * BaselineEnergyav * ISR

ERP = Energy Reduction Percentage of qualifying Tier2 AV APS product range as
provided below. See reference documents for Product Classification memo.

167 There is little evaluation to base a lifetime estimate upon. Based on review of assumptions from other jurisdictions and the
relative treatment of In Service Rates and persistence, an estimate of 7 years was agreed by the Technical Advisory Committee,
but further evaluation is recommended.

168 |n 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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Product Class Field trial ERP range \ ERP used

A 55 -60% 55%
B 50 - 54% 50%
C 45-49% 45%
D 40-44% 40%
E 35-39%% 35%
F 30-34% 30%
G 25-29% 25%
H 20-24% 20%

BaselineEnergyav = 466 kWh?69

ISR = In Service Rate. See reference documents for Product Classification memo.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = AkWh / Hours * CF

Where:
AkWh = Energy savings as calculated above
Hours = Annual number of hours during which the APS provides savings.
=4,380 170
CF = Summer Peak Coincidence Factor for measure
=0.81"

NATURAL GAS SAVINGS

N/Al72

WATER AND OTHER NON-ENERGY IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CODE: RS-CEL-APS2-V04-200101

REVIEW DEADLINE: 1/1/2024

165 Average of baseline energy in Regional Technical Form survey of Tier 2 APS pre-post methodology studies, see
‘RTF_T2_APS.ppt’.

170 This is estimate based on assumption that approximately half of savings are during active hours (supported by AESC study)
(assumed to be 5.3 hrs/day, 1936 per year (NYSERDA 2011. “Advanced Power Strip Research Report”)) and half during standby
hours (8760-1936 = 6824 hours). The weighted average is 4380.

171 In the absence of empirical evaluation data, this was based on assumptions of the typical run pattern for televisions and
computers in homes. This appears to be supported by the Average Weekday AV Demand Profile and Reduction charts in the
AESC study (p33-34). These show that the average demand reduction is relatively flat.

172 Interactive effects of Tier 2 APS on space conditioning loads has not yet been adequately studied.
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5.3 HVAC End Use

5.3.1 Air Source Heat Pump

DESCRIPTION

A heat pump provides heating or cooling by moving heat between indoor and outdoor air.
This measure characterizes:

a) Time of Sale:

e The installation of a new residential sized (<= 65,000 Btu/hr) air source heat pump that is more
efficient than required by federal standards. This could relate to the replacement of an existing
unit at the end of its useful life, or the installation of a new system in a new home.

b) Early Replacement:

The early removal of functioning electric heating and cooling (SEER 10 or under if present) systems
from service, prior to its natural end of life, and replacement with a new high efficiency air source
heat pump unit.

Early Replacement determination will be based on meeting the following conditions:
* The existing unit is operational when replaced, or
*  The existing unit requires minor repairs (<$276 per ton)73,
*  All other conditions will be considered Time of Sale.

The Baseline SEER of the existing unit replaced:

e If the SEER of the existing unit is known and <=10, the Baseline SEER is the actual SEER
value of the unit replaced. If the SEER is >10, the Baseline SEER = 14.

e If the SEER of the existing unit is unknown use assumptions in variable list below
(SEER_exist and HSPF_exist).

* If the operational status or repair cost of the existing unit is unknown, use time of sale
assumptions.

A weighted average early replacement rate is provided for use when the actual baseline early
replacement rates are unknown.174

Deemed Early Replacement Rates For ASHP

Deemed Early Replacement Rate
Early Replacement Rate for ASHP participants 7%

Note it is not appropriate to claim additional ECM fan savings (from 5.3.5 Furnace Blower Motor) due to installing
new ASHP units with an ECM, since the SEER/EER/HSPF ratings already account for this electrical load.

Quality Installation:

Additional savings are attributed to the Quality Installation (Ql) of the system. QI programs should follow industry
standards such as those described in ENERGY STAR Verified HVAC Installation Program (ESVI), ANSI ACCA QI5 and

173 The Technical Advisory Committee agreed that if the cost of repair is less than 20% of the new baseline replacement cost it
can be considered early replacement. Note the non-inflated cost is used as this would be a cost consideration in the program
year.

174 Based upon research from “Home Energy Efficiency Rebate Program GPY2 Evaluation Report” which outlines early
replacement rates for both primary and secondary central air cooling (CAC) and residential furnaces. This is used as a
reasonable proxy for ASHP installations since ASHP specific data is not available. Report presented to Nicor Gas Company
February 27, 2014.

2020 IL TRM v8.0 Vol. 3_October 17, 2019_Final Page 65 of 346



Illinois Statewide Technical Reference Manual — 5.3.1 Air Source Heat Pump

QI9vp. This must include considerations of system design (including sizing, matching, ventilation calculations) and
equipment installation (including static pressure, airflow, refrigerant charge) and may also consider distribution.

This measure was developed to be applicable to the following program types: TOS, NC, EREP. If applied to other
program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

A new residential sized (<= 65,000 Btu/hr) air source heat pump with specifications to be determined by program.

DEFINITION OF BASELINE EQUIPMENT

A new residential sized (<= 65,000 Btu/hr) air source heat pump meeting federal standards.

The baseline for the Time of Sale measure is based on the current Federal Standard efficiency level as of January 1
2015; 14 SEER and 8.2HSPF an estimate of expected peak rated efficiency of 11.

The baseline for the early replacement measure is the efficiency of the existing equipment for the assumed
remaining useful life of the unit and the new baseline as defined above for the remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 16 years.”>

Remaining life of existing ASHP/CAC equipment is assumed to be 6 years17® and 16 years for electric resistancel?”.
DEEMED MEASURE COST

Time of sale: The incremental capital cost for this measure is dependent on the efficiency of the new unit17é,

Efficiency (SEER) Incremental Cost ($/unit)

14.5 $123
15 $303
16 $438
17 $724
18 $724

Early replacement: The full install cost for this measure is the actual cost of removing the existing unit and installing
the new one. If this is unknown, assume the following (note these costs are per ton of unit capacity)179:

Efficiency (SEER) \ Full Retrofit Cost (including labor)

14.5 $1,381 / ton + $123
15 $1,381 / ton + $303
16 $1,381 / ton + $438
17 $1,381 / ton + $724
18 $1,381 / ton + $724

175 Based on 2016 DOE Rulemaking Technical Support document, as recommended in Navigant ‘ComEd Effective Useful Life
Research Report’, May 2018.

176 Assumed to be one third of effective useful life

177 Assume full measure life (16 years) for replacing electric resistance as we would not expect that resistance heat would fail
during the lifetime of the efficient measure.

178 Based on incremental cost results from Cadmus “HVAC Program: Incremental Cost Analysis Update”, December 19, 2016.

179 Baseline cost per ton derived from DEER 2008 Database Technology and Measure Cost Data. See ‘ASHP_Revised DEER
Measure Cost Summary.xls’ for calculation. Efficiency cost increment consistent with Cadmus study results.
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Assumed deferred cost (after 6 years) of replacing existing equipment with new baseline unit is assumed to be $1,518
per ton of capacity®0. If replacing electric resistance heat, there is no deferred replacement cost. This cost should
be discounted to present value using the nominal societal discount rate.

Quality Installation: The additional design and installation work associated with quality installation has been
estimated to cost an additional $150181,

LOADSHAPE

Loadshape R10 - Residential Electric Heating and Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to estimate
peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second represents
the average savings over the defined summer peak period, and is presented so that savings can be bid into PJM’s
Forward Capacity Market.

CFssp sk =Summer System Peak Coincidence Factor for Heat Pumps in single-family homes (during
utility peak hour)

= 72%182

CFeim sr = PJM Summer Peak Coincidence Factor for Heat Pumps in single-family homes (average
during PJM peak period)

= 46.6%183

CFssp, mr =Summer System Peak Coincidence Factor for Heat Pumps in multi-family homes (during
system peak hour)
= 67%184

CFpim, mF = PJM Summer Peak Coincidence Factor for Heat Pumps in multi-family homes (average

during peak period)
=28.5%

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Time of sale:

AkWh = ((FLH_cooling * Capacity_cooling * (1/(SEER_base * (1 — DeratingCoolsase)) - 1/(SEER_ee * SEERad]j
* (1 — DeratingCoolesr)))) / 1000) + ((FLH_heat * Capacity_heating * (1/(HSPF_base * (1 —

180 |hid. $1381 per ton inflated using rate of 1.91%.

181 Based on data provided by Mid American in April 2018 summarizing survey results from 11 HVAC suppliers in lowa.

182 Based on analysis of metering results from 24 heat pumps in Ameren lllinois service territory in PY5 coincident with AIC’s
2010 system peak; ‘Impact and Process Evaluation of Ameren lllinois Company’s Residential HVAC Program (PY5)’.

183 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.

184 Multifamily coincidence factors both from; All-Electric Homes PY6 Metering Results: Multifamily HVAC Systems, Cadmus,
October 2015
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DeratingHeatsase)) - 1/(HSPF_ee * HSPFadj * (1 — DeratingHeates)))) / 1000)
Early replacement?®5:

AkWH for remaining life of existing unit (1st 6 years for replacing an ASHP, 18 years for replacing electric
resistance):

= ((FLH_cooling * Capacity_cooling * (1/(SEER_exist * (1 — DeratingCoolgase)) - 1/(SEER_ee *
SEERadj * (1 — DeratingCoolesf)))) / 1000) + ((FLH_heat * Capacity_heating * (1/(HSPF_exist * (1 —
DeratingHeatsase)) - 1/(HSPF_ee * HSPFadj * (1 — DeratingHeates)))) / 1000)

AkWH for remaining measure life (next 12 years if replacing an ASHP):

= ((FLH_cooling * Capacity_cooling * (1/(SEER_base * (1 — DeratingCoolgase)) - 1/(SEER_ee *
SEERadj * (1 — DeratingCoolest)))) / 1000) + ((FLH_heat * Capacity_heating * (1/(HSPF_base * (1 —
DeratingHeatsase)) - 1/(HSPF_ee * HSPFadj * (1 — DeratingHeate)))) / 1000)

Where:

FLH_cooling = Full load hours of air conditioning

= dependent on location:

Climate Zone FLH_cooling FLH_cooling FLH_coo!ing
P e (singlti stamily) (gene.ral (we.athe_rlzed
multifamily) 187 multifamily) 188

1 (Rockford) 512 467 299
2 (Chicago) 570 506 324
3 (Springfield) 730 663 425
4 (Belleville) 1,035 940 603
5 (Marion) 903 820 526
Weighted Average!® 629 564 362

Use Multifamily if: Building has shared HVAC or meets utility’s definition for multifamily
Capacity_cooling = Cooling Capacity of Air Source Heat Pump (Btu/hr)

= Actual (1 ton = 12,000Btu/hr)
SEER_exist = Seasonal Energy Efficiency Ratio of existing cooling system (kBtu/kWh)

= Use actual SEER rating where it is possible to measure or reasonably estimate. If using
rated efficiencies, derate efficiency value by 1% per year to account for degradation over
time19, or use defaults provided below:

185 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to
efficient) and the remaining phase (new baseline to efficient). In practice, the screening tools used may either require a First
Year savings (using the first equation) and then a “number of years to adjustment” and “savings adjustment” input which would
be the (new base to efficient savings)/(existing to efficient savings).

186 Full load hours for Chicago, Moline and Rockford are provided in “Final Evaluation Report: Central Air Conditioning Efficiency
Services (CACES), 2010, Navigant Consulting”, p.33. An average FLH/Cooling Degree Day (from NCDC) ratio was calculated for
these locations and applied to the CDD of the other locations in order to estimate FLH. There is a county mapping table in
Volume 1, Section 3.7 providing the appropriate city to use for each county of Illinois.

187 |bid.

188 All-Electric Homes PY6 Metering Results: Multifamily HVAC Systems, Cadmus, October 2015. The multifamily units within this
study had undergone significant shell improvements (air sealing and insulation) and therefore this set of assumptions is only
appropriate for units that have recently participated in a weatherization or other shell program. Note that the FLHcool where
recalculated based on existing efficiencies consistent with the TRM rather than from the metering study.

189 Weighted based on number of occupied residential housing units in each zone.

190 Jystification for degradation factors can be found on page 21 of ‘AIC HVAC Metering Study Memo FINAL 2_28 2018’
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Existing Cooling System SEER_exist'*!

Air Source Heat Pump 9.3
Central AC )
No central cooling?®? Make ‘1/SEER_exist’ =0
SEER_base = Seasonal Energy Efficiency Ratio of baseline Air Source Heat Pump (kBtu/kWh)
=14 193
SEER_ee = Rated Seasonal Energy Efficiency Ratio of ENERGY STAR unit (kBtu/kWh)
= Actual, or 15 if unknown.
SEERadj = Adjustment percentage to account for in-situ performance of the unit
- EERee
= [(0.805 x (m) +0.367]

DeratingCoolesr = Efficent ASHP Cooling derating

= 0% if Quality Installation is performed

= 10% if Quality Installation is not performed or unknown195
DeratingCoolssse = Baseline Cooling derating

=10%
FLH_heat = Full load hours of heating

= Dependent on location and home type:

FLH_heat FLH heat
Climate Zone (single family and  (weatherized
(City based upon) general multifamily)
multifamily)*9¢ 22
1 (Rockford) 1,969 748
2 (Chicago) 1,840 699
3 (Springfield) 1,754 667

191 Based on Opinion Dynamics and Cadmus metering study of Ameren HVAC program participants; See ‘AIC HVAC Metering
Study Memo FINAL 2_28_2018'.

192 |f there is no central cooling in place but the incentive encourages installation of a new ASHP with cooling, the added cooling
load should be subtracted from any heating benefit.

193 Based on Minimum Federal Standard effective 1/1/2015.

194 |n situ performance based on Opinion Dynamics and Cadmus metering study of Ameren HVAC program participants; See ‘AlC
HVAC Metering Study Memo FINAL 2_28 2018'.

195 Based on Cadmus assumption provided in preparation of the 2014 Interstate Power and Light TRM based upon proper
refrigerant charge, evaporator airflow, and unit sizing, Appears conservative in comparison to ENERGY STAR statements (see
‘Sponsoring an ENERGY STAR Verified HVAC Installation (ESVI) Program’). Note pending ComEd evaluation will provide an update
to these assumptions.

19 Full load heating hours for heat pumps are provided for Rockford, Chicago and Springfield in the ENERGY STAR Calculator.
Estimates for the other locations were calculated based on the FLH to Heating Degree Day (from NCDC) ratio. VEIC consider
ENERGY STAR estimates to be high due to oversizing not being adequately addressed. Using average lllinois billing data (from
ICC_commerce Commission) VEIC estimated the average gas heating load and used this to estimate the average home heating
output (using 83% average gas heat efficiency). Dividing this by a typical 36,000 Btu/hr ASHP gives an estimate of average ASHP
FLH_heat of 1821 hours. We used the ratio of this value to the average of the locations using the ENERGY STAR data (1994
hours) to scale down the ENERGY STAR estimates. There is a county mapping table in Volume 1, Section 3.7 providing the
appropriate city to use for each county of lllinois.

197 All-Electric Homes PY6 Metering Results: Multifamily HVAC Systems, Cadmus, October 2015.
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FLH_heat FLH heat
Climate Zone (single family and = (weatherized
(City based upon) general multifamily)
multifamily)*%® LV
4 (Belleville) 1,266 481
5 (Marion) 1,288 489
Weighted Average!®® 1,821 692

Use Multifamily if: Building has shared HVAC or meets utility’s definition for multifamily
Capacity_heating = Heating Capacity of Air Source Heat Pump (Btu/hr)

= Actual (1 ton = 12,0008Btu/hr)
HSPF_exist =Heating System Performance Factorl% of existing heating system (kBtu/kWh)

= Use actual HSPF rating where it is possible to measure or reasonably estimate. If not
available use:

Existing Heating System HSPF_exist \
Air Source Heat Pump 5.54 200
Electric Resistance 3.41%%
HSPF_base =Heating System Performance Factor of baseline Air Source Heat Pump (kBtu/kWh)
=8.2 202
HSPF_ee =Heating System Performance Factor of efficient Air Source Heat Pump
(kBtu/kwh)

= Actual or 8.5 if unknown
HSPFad;j = Adjustment percentage to account for in-situ performance of the unit

= [(BEmactty) o 0.158 +0.899)]

47 °F Capacity.
DeratingHeaterr = Efficent ASHP Heating derating

= 0% if Quality Installation is performed

= 10% if Quality Installation is not performed204
DeratingHeatgase = Baseline Heatin derating

=10%

198 Weighted based on number of occupied residential housing units in each zone.

199 HSPF ratings for Heat Pumps account for the seasonal average efficiency of the units and are based on testing within zone 4
which encompasses most of lllinois. Furthermore, a recent Cadmus/Opinion Dynamics metering study, “Impact and Process
Evaluation of Ameren Illinois Company’s Residential HVAC Program (PY5)”, found no significant variance between metered
performance and that presented in the TRM

200 Based on Opinion Dynamics and Cadmus metering study of Ameren HVAC program participants; See ‘AIC HVAC Metering
Study Memo FINAL 2_28_2018'.

201 Electric resistance has a COP of 1.0 which equals 1/0.293 = 3.41 HSPF.

202 Based on Minimum Federal Standard effective 1/1/2015.

203 |n situ performance based on Opinion Dynamics and Cadmus metering study of Ameren HVAC program participants; See ‘AlC
HVAC Metering Study Memo FINAL 2_28 2018'.

204 Based on Cadmus assumption provided in preparation of the 2014 Interstate Power and Light TRM based upon proper
refrigerant charge, evaporator airflow, and unit sizing, Assumed consistent for heating and cooling. Appears conservative in
comparison to ENERGY STAR statements (see ‘Sponsoring an ENERGY STAR Verified HVAC Installation (ESVI) Program’). Note
pending ComEd evaluation will provide an update to these assumptions.
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Time of Sale:

For example, an ASHP is installed in a single-family home in Marion with the following nameplate
information: 15 SEER, 12EER, 9 HSPF; Cooling capacity: 34,800 Btuh; Heating capacity at 47°F: 33,000
Btuh; Heating capacity at 17°F: 21,200 Btuh with Quality Installation;

EERge

% SEER,q; = 0.805 X (m) +0.367 = 1.011

17 °F Capzzecity
47 °F Capacity
AkWh  =((903 * 34,800 * (1/(14 * (1-0.1)) - 1/(15 * 1.011 * (1-0)))) / 1000) + ((1,288
* 33,000 * (1/(8.2 * (1-0.1)) - 1/(9 * 1.001 * (1-0)))) / 1000)
=1463 kWh

% HSPFq4; = ( > x 0.158 + 0.899 = 1.001

Early Replacement:

For example, a 15 SEER, 12EER, 9 HSPF Air Source Heat Pump with nameplate information as above
replaces an existing working Air Source Heat Pump with unknown efficiency ratings in a single family
home in Marion:

AkWH for remaining life of existing unit (1st 6 years):
=((903 * 34,800 * (1/(9.3 * (1-0.1)) - 1/(15 * 1.011 * (1-0)))) / 1000) + ((1,288 * 33,000
*(1/(5.54 * (1-0.1)) - 1/(9 * 1.001 * (1-0)))) / 1000)
= 5489 kWh

AkWH for remaining measure life (next 12 years):
=((903 * 34,800 * (1/(14 * (1-0.1)) - 1/(15 * 1.011 * (1-0)))) / 1000) + ((1,288 * 33,000
*(1/(8.2 * (1-0.1)) - 1/(9 * 1.001 * (1-0)))) / 1000)
= 1463 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Time of sale:

AkW = (Capacity_cooling * (1/(EER_base * (1 — DeratingCoolgase)) - 1/(EER_ee * (1 — DeratingCoolest)))) /
1000 * CF

Early replacement?05;

AkW for remaining life of existing unit (1st 6 years for replacing an ASHP, 18 years for replacing electric
resistance):

= (Capacity_cooling * (1/(EERexist * (1 — DeratingCoolsase)) - 1/(EERee * (1 — DeratingCooler)))) /
1000 * CF

AkW for remaining measure life (next 12 years if replacing an ASHP):

= (Capacity_cooling * (1/(EER_base * (1 — DeratingCoolsase)) - 1/(EER_ee * (1 — DeratingCoolest)))) /
1000 * CF

Where:

EER_exist = Energy Efficiency Ratio of existing cooling system (kBtu/hr / kW)

205 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to
efficient) and the remaining phase (new baseline to efficient). In practice, the screening tools used may either require a First
Year savings (using the first equation) and then a “number of years to adjustment” and “savings adjustment” input which would
be the (new base to efficient savings)/(existing to efficient savings).
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= Use actual EER rating where it is possible to measure or reasonably estimate. If using
rated efficiencies, derate efficiency value by 1% per year to account for degradation over
time296, or use defaults provided below:

Existing Cooling System EER_exist?"’
Air Source Heat Pump 75
Central AC '
No central cooling®® Make ‘1/EER_exist’ = 0
EER_base = Energy Efficiency Ratio of baseline Air Source Heat Pump (kBtu/hr / kW)
=11 209
EER_ee = Energy Efficiency Ratio of efficient Air Source Heat Pump (kBtu/hr / kW)
= Actual. If unknown assume 12.5 EER.
CFsspsr =Summer System Peak Coincidence Factor for Heat Pumps in single-family homes (during
system peak hour)
= 72%%210
CFeim sr = PJM Summer Peak Coincidence Factor for Heat Pumps in single-family homes (average
during peak period)
= 46.6%211
CFssp, mF = Summer System Peak Coincidence Factor for Heat Pumps in multi-family homes (during
system peak hour)
= 67%212
CFeim, MF = PJM Summer Peak Coincidence Factor for Heat Pumps in multi-family homes (average

during peak period)
=28.5%%

Use Multifamily if: Building has shared HVAC or meets utility’s definition for multifamily

206 Jystification for degradation factors can be found on page 21 of ‘AIC HVAC Metering Study Memo FINAL 2_28_2018’

207 Based on Opinion Dynamics and Cadmus metering study of Ameren HVAC program participants; See ‘AIC HVAC Metering
Study Memo FINAL 2_28 2018’.

208 |f there is no central cooling in place but the incentive encourages installation of a new ASHP with cooling, the added cooling
load should be subtracted from any heating benefit.

209 The Federal Standard does not include an EER requirement. The value provided is based on Opinion Dynamics and Cadmus
metering study of Ameren HVAC program participants; See ‘AlC HVAC Metering Study Memo FINAL 2_28 2018’.

210 Based on analysis of metering results from 24 heat pumps in Ameren lllinois service territory in PY5 coincident with AIC’s
2010 system peak; ‘Impact and Process Evaluation of Ameren lllinois Company’s Residential HVAC Program (PY5)'.

211 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.

212 Afl-Electric Homes PY6 Metering Results: Multifamily HVAC Systems, Cadmus, October 2015
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Time of Sale:

For example, a three ton, 15 SEER, 12EER, 9 HSPF Air Source Heat Pump installed in single-family home
in Marion with Quality Installation:

AkWssp = (36,000 * (1/(11 * (1-0.1)) - 1/(12 * (1-0)))) / 1000 * 0.72
=0.458 kW
AkWem = (36,000 * (1/(11 * (1-0.1)) — 1/(12 * (1-0)))) / 1000 * 0.466
=0.297 kW
Early Replacement:

For example, a three ton, 15 SEER, 12EER, 9 HSPF Air Source Heat Pump replaces an existing working Air
Source Heat Pump with unknown efficiency ratings in single-family home in Marion with Quality
Installation:

AkWssp for remaining life of existing unit (1st 6 years):
= (36,000 * (1/(7.5 * (1-0.1)) - 1/(12 * (1-0)))) / 1000 * 0.72
=1.68 kW

AkWssp for remaining measure life (next 12 years):
= (36,000 * (1/(11 * (1-0.1)) — 1/(12 * (1-0)))) / 1000 * 0.72
=0.458 kW

AkWeym for remaining life of existing unit (1st 6 years):
= (36,000 * (1/(7.5 * (1-0.1)) - 1/(12 * (1-0)))) / 1000 * 0.466
=1.087 kW

AkWeym for remaining measure life (next 12 years):
= (36,000 * (1/(11 * (1-0.1)) — 1/(12 * (1-0)))) / 1000 * 0.466
=0.297 kW

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-HVC-ASHP-V09-200101

REVIEW DEADLINE: 1/1/2021
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5.3.2 Boiler Pipe Insulation

DESCRIPTION

This measure describes adding insulation to un-insulated boiler pipes in un-conditioned basements or crawlspaces.
This measure was developed to be applicable to the following program types: TOS, RNC, RF, DI.

If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

The efficient case is installing pipe wrap insulation to a length of boiler pipe.
DEFINITION OF BASELINE EQUIPMENT

The baseline is an un-insulated boiler pipe.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is assumed to be 15 years213,

Note a mid-life adjustment to account for replacement of HVAC equipment during the measure life should be applied
after 13 years?14. See section below for detail.

DEEMED MEASURE COST

The measure cost including material and installation is assumed to be $3 per linear foot?215,
LOADSHAPE

N/A

COINCIDENCE FACTOR

N/A

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

N/A

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS

ATherm = (((1/Rexist * Cexist) - (1/Rnew * Cnew)) * FLH_heat * L * AT) / r]BO”eI’ /100,000

213 \Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.

214 This is intentionally longer than the assumptions found in the early replacement measures as the application of this measure
will occur in a variety of homes that will not be targeted for early replacement HVAC systems.

215 Consistent with DEER 2008 Database Technology and Measure Cost Data.
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Where:
Rexist = Pipe heat loss coefficient of uninsulated pipe (existing) [(hr-°F-ft?)/Btu]
= 0‘5216
Rnew = Pipe heat loss coefficient of insulated pipe (new) [(hr-°F-ft?)/Btu]

= Actual (0.5 + R value of insulation)
FLH_heat = Full load hours of heating
= Dependent on location?7:

Climate Zone

(City based upon) FLH_heat
1 (Rockford) 1,969
2 (Chicago) 1,840
3 (Springfield) 1,754
4 (Belleville) 1,266
5 (Marion) 1,288
Weighted Average?18 1,821
L = Length of boiler pipe in unconditioned space covered by pipe wrap (ft)
= Actual
Cexist = Circumference of bare pipe (ft) (Diameter (in) * 1/12)

= Actual (0.5” pipe = 0.131ft, 0.75” pipe = 0.196ft)

Chew = Circumference of pipe with insulation (ft) ([Diameter of pipe (in)] + ([Thickness of
Insulation (in)]*2)) * n/12)

= Actual

AT = Average temperature difference between circulated heated water and unconditioned
space air temperature (°F) 219

Pipes in unconditioned basement:

Outdoor reset controls AT (°F)
Boiler without reset control 110

216 Assumption based on data obtained from the 3E Plus heat loss calculation software provided by the NAIMA (North American
Insulation Manufacturer Association) and derived from Table 15 and Table 16 of 2009 ASHRAE Fundamentals Handbook,
Chapter 23 Insulation for Mechanical Systems, page 23.17.

217 Full load heating hours for heat pumps are provided for Rockford, Chicago and Springfield in the ENERGY STAR Calculator.
Estimates for the other locations were calculated based on the FLH to Heating Degree Day (from NCDC) ratio. VEIC consider
ENERGY STAR estimates to be high due to oversizing not being adequately addressed. Using average lllinois billing data (from
Illinois Commerce Commission) VEIC estimated the average gas heating load and used this to estimate the average home
heating output (using 83% average gas heat efficiency). Dividing this by a typical 36,000 Btu/hr ASHP gives an estimate of
average ASHP FLH_heat of 1821 hours. We used the ratio of this value to the average of the locations using the ENERGY STAR
data (1994 hours) to scale down the ENERGY STARr estimates. There is a county mapping table in Volume 1, Section 3.7
providing the appropriate city to use for each county of Illinois.

218 \Weighted based on number of occupied residential housing units in each zone.

219 Assumes 160°F water temp for a boiler without reset control, 120°F for a boiler with reset control, and 50°F air temperature
for pipes in unconditioned basements and the following average heating season outdoor temperatures as the air temperature
in crawl spaces: Zone 1 —33.1, Zone 2 — 34.4, Zone 3 —37.7, Zone 4 — 40.0, Zone 5 — 39.8, Weighted Average —35.3 (NCDC
1881-2010 Normals, average of monthly averages Nov — Apr for zones 1-3 and Nov-March for zones 4 and 5).
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Outdoor reset controls AT (°F)
Boiler with reset control 70
Pipes in crawl space:

. AT (°F)

Climate Zone = = : z

. Boiler without Boiler with
(City based upon)

reset control reset control
1 (Rockford) 127 87
2 (Chicago) 126 86
3 (Springfield) 122 82
4 (Belleville) 120 80
5 (Marion) 120 80
Weighted
Average?20 125 85
nBoiler = Efficiency of boiler
=0.819 221

For example, insulating 10 feet of 0.75” pipe with R-3 wrap (0.75” thickness) in a crawl space of a Marion
home with a boiler without reset control:

ATherm = (((1/0.5 * 0.196) — (1/3.5 * 0.589)) * 10 * 120 * 1288) / 0.819 /
100,067

= 4.2 therms

Mid-Life adjustment

In order to account for the likely replacement of existing heating equipment during the lifetime of this measure, a
mid-life adjustment should be applied. To calculate the adjustment, re-calculate the savings above using the
following new baseline system efficiency assumptions:

Efficiency Assumption System Type New Baseline Efficiency

nHeat Boiler 82% AFUE

This reduced annual savings should be applied following the assumed remaining useful life of the existing equipment,
estimate to be 13 years?22,

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

220 \Weighted based on number of occupied residential housing units in each zone.

221 Average efficiency of boiler units found in Ameren PY3-PY4 data.

222 This is intentionally longer than the assumption found in the early replacement measures as the application of this measure
will occur in a variety of homes and will not be targeting those homes appropriate for early replacement HVAC systems.
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MEASURE CODE: RS-HVC-PINS-V03-190101

REVIEW DEADLINE: 1/1/2022
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5.3.3 Central Air Conditioning

DESCRIPTION

This measure characterizes:

a) Time of Sale:

a. The installation of a new residential sized (<= 65,000 Btu/hr) Central Air Conditioning ducted split
system meeting ENERGY STAR efficiency standards presented below. This could relate to the
replacement of an existing unit at the end of its useful life, or the installation of a new systemin a
new home.

b) Early Replacement:
Early Replacement determination will be based on meeting the following conditions:
* The existing unit is operational when replaced, or
*  The existing unit requires minor repairs (<$190 per ton)223,
e  All other conditions will be considered Time of Sale.
The Baseline SEER of the existing Central Air Conditioning unit replaced:
* If the SEER of the existing unit is known and <=10, the Baseline SEER is the actual SEER
value of the unit replaced. If the SEER is >10, the Baseline SEER = 13.
* If the SEER of the existing unit is unknown, use assumptions in variable list below
(SEER_exist).
e If the operational status or repair cost of the existing unit is unknown, use time of sale
assumptions.

A weighted average early replacement rate is provided for use when the actual baseline early
replacement rate is unknown?24,

Deemed Early Replacement Rates for CAC Units in Combined System Replacement (CSR) Projects

Replacement Scenario for the CAC Unit Deemed Early Replacement Rate

Early Replacement Rate for a CAC unit when the CAC 149%
unit is the Primary unit in a CSR project i
Early Replacement Rate for a CAC unit when the CAC

L Y . 40%
unit is the Secondary unit in a CSR project

Note it is not appropriate to claim additional ECM fan savings (from 5.3.5 Furnace Blower Motor) due to installing
new CAC units with an ECM, since the SEER/EER ratings already account for this electrical load.

Quality Installation:

Additional savings are attributed to the Quality Installation (Ql) of the system. QI programs should follow industry
standards such as those described in ENERGY STAR Verified HVAC Installation Program (ESVI), ANSI ACCA QI5 and
QI9vp. This must include considerations of system design (including sizing, matching, ventilation calculations) and
equipment installation (including static pressure, airflow, refrigerant charge) and may also consider distribution.

223 The Technical Advisory Committee agreed that if the cost of repair is less than 20% of the new baseline replacement cost it
can be considered early replacement. Note the non-inflated cost is used as this would be a cost consideration in the program
year.

224 Based upon research from “Home Energy Efficiency Rebate Program GPY2 Evaluation Report” which outlines early
replacement rates for both primary and secondary central air cooling (CAC) and residential funaces. The unit (furnace or CAC
unit) that initially caused the customer to contact a trade ally is defined as the “primary unit”. The furnace or CAC unit that was
also replaced but did not initially prompt the customer to contact a trade ally is defined as the “secondary unit”. This evaluation
used different criteria for early replacement due to the availability of data after the fact; cost of any repairs < $550 and age of
unit < 20 years. Report presented to Nicor Gas Company February 27, 2014.
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This measure was developed to be applicable to the following program types: TOS, NC, EREP. If applied to other
program types, the measure savings should be verified.

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 at least the minimum ENERGY STAR efficiency level standards; 15 SEER and 12.5 EER.

DEFINITION OF BASELINE EQUIPMENT

The baseline for the Time of Sale measure is based on the current Federal Standard efficiency level; 13 SEER and an
estimate of expected peak rated efficiency of 10.5 EER. It is assumed that ‘Quality Installation’ did not occur.

The baseline for the early replacement measure is the efficiency of the existing equipment for the assumed
remaining useful life of the unit and the new baseline as defined above??5 for the remainder of the measure life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 18 years 2%,
Remaining life of existing equipment is assumed to be 6 years2?’,

DEEMED MEASURE COST

Time of sale: The incremental capital cost for this measure is dependent on efficiency. Assumed incremental costs

are provided below??%;
Efficiency Level (SEER) Incremental Cost

14 $104
15 $108
16 $221
17 $620
18 $620

Early replacement: The full install cost for this measure is the actual cost of removing the existing unit and
installing the new one. If this is unknown, assume defaults below?22°,

Efficiency Level (SEER) ‘ Full Retrofit Cost (including labor)

14 $952 /ton + $104
15 $952 / ton + $108
16 $952 /ton + $221
17 $952 / ton + $620
18 $952 / ton + $620

Assumed deferred cost (after 6 years) of replacing existing equipment with new baseline unit is assumed to be
$3,1402%0, This cost should be discounted to present value using the nominal societal discount rate.

225 Baseline SEER and EER should be updated when new minimum federal standards become effective.

226 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.

227 Assumed to be one third of effective useful life

228 Based on incremental cost results from Cadmus “HVAC Program: Incremental Cost Analysis Update”, December 19, 2016.
229 Based on 3 ton initial cost estimate for a conventional unit from ENERGY STAR Central AC calculator, $2,857. Efficiency cost
increment consistent with Cadmus study results.

230 Based on 3 ton initial cost estimate for a conventional unit from ENERGY STAR Central AC calculator, $2,857, and applying
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Quality Installation: The additional design and installation work associated with quality installation has been
estimated to cost an additional $150231,

LOADSHAPE

Loadshape RO8 - Residential Cooling

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to estimate
peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second represents
the average savings over the defined summer peak period, and is presented so that savings can be bid into PJIM'’s
Forward Capacity Market.

CFssp = Summer System Peak Coincidence Factor for Central A/C (during system peak hour)
= 68%3232
CFpm = PJM Summer Peak Coincidence Factor for Central A/C (average during PJM peak period)
= 46.6%233
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Time of sale:

AKWH = (FLHcool * Capacity * (1/(SEERbase * (1 — DeratingCoolsase)) - 1/(SEERee * SEERadj * (1 —
DeratingCoolesf))))/1000

Early replacement234:
AkWH for remaining life of existing unit (1st 6 years):

=(FLHcool * Capacity * (1/(SEERexist * (1 — DeratingCoolgase)) - 1/(SEERee * SEERadj * (1 —
DeratingCoolesr))))/1000

AkWH for remaining measure life (next 12 years):

= (FLHcool * Capacity * (1/(SEERbase * (1 — DeratingCoolgase)) - 1/(SEERee * SEERadj * (1 —
DeratingCooles))))/1000

Where:

FLHcool = Full load cooling hours

inflation rate of 1.91%. While baselines are likely to shift in the future, there is currently no good indication of what the cost of
a new baseline unit will be in 6 years. In the absence of this information, assuming a constant federal baseline cost is within the
range of error for this prescriptive measure.

231 Based on data provided by Mid American in April 2018 summarizing survey results from 11 HVAC suppliers in lowa.

232 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren lllinois service territory.

233 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.

234 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to
efficient) and the remaining phase (new baseline to efficient). In practice, the screening tools used may either require a First
Year savings (using the first equation) and then a “number of years to adjustment” and “savings adjustment” input which would
be the (new base to efficient savings)/(existing to efficient savings).
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= dependent on location and building type?3®:

. FLHcool FLH_coo!ing

Climate Zone ek FLHcool (weatherized

(City based upon) family) (multifamily) = multifamily)
1 (Rockford) 512 467 299
2 (Chicago) 570 506 324
3 (Springfield) 730 663 425
4 (Belleville) 1035 940 603
5 (Marion) 903 820 526
Weighted Average?’ 629 564 362

Use Multifamily if: Building has shared HVAC or meets utility’s definition for multifamily
Capacity = Size of new equipment in Btu/hr (note 1 ton = 12,000Btu/hr)

= Use actual when program delivery allows size of AC unit to be known. If unknown
assume 33,600 Btu/hr for single family homes, 28,000 Btu/hr for multifamily or 24,000
Btu/hr for mobile homes238, If building type is unknown, assume 31,864Btu/hr239,

SEERbase = Seasonal Energy Efficiency Ratio of baseline unit (kBtu/kWh)
= 13240
SEERexist = Seasonal Energy Efficiency Ratio f existing unit (kBtu/kWh)

= Use actual SEER rating where it is possible to measure or reasonably estimate. If using
rated efficiencies, derate efficiency value by 1% per year to account for degradation over
time241, or if unknown assume 9.3242,

SEERee = Rated Seasonal Energy Efficiency Ratio of ENERGY STAR unit (kBtu/kWh)
= Actual, or 15 if unknown.

SEERadj = Adjustment percentage to account for in-situ performance of the unit

235 Full load hours for Chicago, Moline and Rockford are provided in “Final Evaluation Report: Central Air Conditioning Efficiency
Services (CACES), 2010, Navigant Consulting”, p.33. An average FLH/Cooling Degree Day (from NCDC) ratio was calculated for
these locations and applied to the CDD of the other locations in order to estimate FLH. There is a county mapping table in
Volume 1, Section 3.7 providing the appropriate city to use for each county of Illinois.

236 All-Electric Homes PY6 Metering Results: Multifamily HVAC Systems, Cadmus, October 2015. The multifamily units within this
study had undergone significant shell improvements (air sealing and insulation) and therefore this set of assumptions is only
appropriate for units that have recently participated in a weatherization or other shell program. Note that the FLHcool where
recalculated based on existing efficiencies consistent with the TRM rather than from the metering study.

237 Weighted based on number of residential occupied housing units in each zone.

238 Single family cooling capacity based on Final Evaluation Report: Central Air Conditioning Efficiency Services (CACES), October
19, 2010, ComEd, Navigant Consulting. Multifamily capacity based on weighted average of PY9 Ameren and ComEd MF cooling
capacities. Mobile home capacity based on ENERGY STAR’s Manufactured Home Cooling Equipment Sizing Guidelines which vary
by climate zone and home size. The average size of a mobile home in the East North Central region (1,120 square feet) from the
2015 RECS data is used to calculated appropriate size.

239 Unknown is based on statewide weighted average of 69% single family and 31% multifamily, based on IL data from 2009 RECS
Table HC2.9 Structural and Geographic Characteristics of Homes in Midwest Region, Divisions and States, 2009.

240 Based on Minimum Federal Standard.

241 Justification for degradation factors can be found on page 21 of ‘AIC HVAC Metering Study Memo FINAL 2_28 2018’

242 Based on Opinion Dynamics and Cadmus metering study of Ameren HVAC program participants; See ‘AIC HVAC Metering
Study Memo FINAL 2_28_2018’

243 |n situ performance based on Opinion Dynamics and Cadmus metering study of Ameren HVAC program participants; See ‘AIC
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= [(0.805 x (o) +0367]

SEERge

DeratingCoolesst = Efficent Central Air Conditioner Cooling derating

= 0% if Quality Installation is performed

= 10% if Quality Installation is not performed or unknown?244
DeratingCoolsase = Baseline Central Air Conditioner Cooling derating

=10%

Time of sale example: a 3 ton unit with SEER rating of 17, EER rating of 12.5 in unknown location without
Quality Install:

SEERad] =(0.805 * (12.5/17) + 0.367)
=0.959
AKWH = (629 * 36,000 * (1/(13 * (1-0.1)) = 1/ (17 * 0.959 * (1-0.1)))) / 1000
=392 kWh

Time of sale example: a 3 ton unit with SEER rating of 17, EER rating of 12.5 in unknown location with Quality
Install:

AKWH = (629 * 36,000 * (1/(13 * (1-0.1)) = 1/ (17 * 0.959 * (1-0)))) / 1000
=546 kWh

Early replacement example: a 3 ton unit, with SEER rating of 17, EER rating of 12.5 replaces an existing unit
in unknown location with quality installation:

AKWH(for first 6 years) = (629 * 36,000 * (1/(9.3 * (1-0.1)) - 1/(17* 0.959 * (1-0))))/1000
=1,316 kWh

AkWH(for next 12 years) =(629 * 36,000 * (1/(13 * (1-0.1)) - 1/(17* 0.959 * (1-0))))/1000
=546 kWh

Therefore savings adjustment of 41% (546/1316) after 6 years.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Time of sale:

AkW = (Capacity * (1/(EERbase * (1 — DeratingCoolgase)) - 1/(EERee * (1 — DeratingCooles))))/1000 * CF
Early replacement?45:

AkW for remaining life of existing unit (1st 6 years):

= (Capacity * (1/(EERexist * (1 — DeratingCoolsase)) - 1/(EERee* (1 — DeratingCoolesr))))/1000 * CF

HVAC Metering Study Memo FINAL 2_28 2018'.

244 Based on Cadmus assumption provided in preparation of the 2014 Interstate Power and Light TRM based upon proper
refrigerant charge, evaporator airflow, and unit sizing, Appears conservative in comparison to ENERGY STAR statements (see
‘Sponsoring an ENERGY STAR Verified HVAC Installation (ESVI) Program’). Note pending ComEd evaluation will provide an update
to these assumptions.

245 The two equations are provided to show how savings are determined during the initial phase of the measure (existing to
efficient) and the remaining phase (new baseline to efficient). In practice, the screening tools used may either require a First
Year savings (using the first equation) and then a “number of years to adjustment” and “savings adjustment” input which would
be the (new base to efficient savings)/(existing to efficient savings).
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AkW for remaining measure life (next 12 years):
= (Capacity * (1/(EERbase * (1 — DeratingCoolsase)) - 1/(EERee* (1 — DeratingCooles))))/1000 * CF
Where:
EERbase = EER Efficiency of baseline unit
=10.5 %6
EERexist = EER Efficiency of existing unit

= Use actual EER rating where it is possible to measure or reasonably estimate. If using
rated efficiencies, derate efficiency value by 1% per year to account for degradation over
time?4”, If unknown assume 7.5248

EERee = EER Efficiency of ENERGY STAR unit
= Actual installed or 12 if unknown

CFssp = Summer System Peak Coincidence Factor for Central A/C (during system peak hour)
= 6894249

CFeim = PJM Summer Peak Coincidence Factor for Central A/C (average during peak period)

= 46.6%2%0

Time of sale example: a 3 ton unit with EER rating of 12 with Quality Install:

AKW ssp = (36,000 * (1/(10.5 * (1-0.1)) — 1/(12 * (1-0)))) / 1000 * 0.68
=0.550 kW

AKW pim = (36,000 * (1/(10.5 * (1-0.1)) - 1/(12 * (1-0)))) / 1000 * 0.466
=0.377 kW

Early replacement example: a 3 ton unit with EER rating of 12 replaces an existing unit with Quality Install:
AKW ssp (for first 6 years) =(36,000 * (1/(7.5 * (1-0.1)) — 1/(12 * (1-0)))) / 1000 * 0.68
=1.587 kW
AKW ssp (for next 12 years) = (36,000 * (1/(10.5 * (1-0.1)) —1/(12 * (1-0)))) / 1000 * 0.68
=0.550 kW
AkW pym (for first 6 years) = (36,000 * (1/(7.5 * (1-0.1)) — 1/(12 * (1-0)))) / 1000 * 0.466
=1.087 kW
AKW pym (for next 12 years)= (36,000 * (1/(10.5 * (1-0.1)) —1/(12 * (1-0)))) / 1000 * 0.466
=0.377 kW

NATURAL GAS SAVINGS

N/A

246 The federal Standard does not currently include an EER component. The value provided is based on Opinion Dynamics and
Cadmus metering study of Ameren HVAC program participants; See ‘AlIC HVAC Metering Study Memo FINAL 2_28 2018’.

247 Jystification for degradation factors can be found on page 21 of ‘AIC HVAC Metering Study Memo FINAL 2_28 2018’

248 Based on Opinion Dynamics and Cadmus metering study of Ameren HVAC program participants; See ‘AIC HVAC Metering Study
Memo FINAL 2_28 2018’.

249 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren lllinois service territory.

250 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A
DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-HVC-CAC1-V08-190101

REVIEW DEADLINE: 1/1/2021
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5.3.4 Duct Insulation and Sealing

DESCRIPTION

This measure describes evaluating the savings associated with performing duct sealing using mastic sealant or metal
tape to the distribution system of homes with either central air conditioning or a ducted heating system.

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

1. Modified Blower Door Subtraction — this technique is described in detail on p.44 of the Energy
Conservatory Blower Door Manual; which can be found on the Energy Conservatory website (As of Oct
2014: http://www.energyconservatory.com/sites/default/files/documents/mod 3-4 dg700 -

new_flow rings - cr - tpt - no fr switch _manual ce 0.pdf)

2. Evaluation of Distribution Efficiency — this methodology requires the evaluation of three duct
characteristics below, and use of the Building Performance Institutes ‘Distribution Efficiency Look-Up
Table’; http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf

a. Percentage of duct work found within the conditioned space

b. Duct leakage evaluation

¢. Ductinsulation evaluation
This measure was developed to be applicable to the following program types: RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

The efficient condition is sealed duct work throughout the unconditioned or semi-conditioned space in the home. A
non-conditioned space is defined as a space outside of the thermal envelope of the building that is not intentionally
heated for occupancy (crawl space, roof attic, etc). A semi-conditioned space is defined as a space within the thermal
envelop that is not intentionally heated for occupancy (unfinished basement)251,

DEFINITION OF BASELINE EQUIPMENT
The existing baseline condition is leaky duct work within the unconditioned or semi-conditioned space in the home.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The assumed lifetime of this measure is 20 years252,

Note a mid-life adjustment to account for replacement of HVAC equipment during the measure life should be applied
after 10 years233, See section below for detail.

DEEMED MEASURE COST

The actual duct sealing measure cost should be used.

LOADSHAPE

Loadshape RO8 - Residential Cooling

251 Definition matches Regain factor discussed in Home Energy Services Impact Evaluation, prepared for the Massachusetts
Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012

252 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.

253 This is intentionally longer than the assumptions found in the early replacement measures as the application of this measure
will occur in a variety of homes that will not be targeted for early replacement HVAC systems.

2020 IL TRM v8.0 Vol. 3_October 17, 2019_Final Page 85 of 346


http://www.energyconservatory.com/sites/default/files/documents/mod_3-4_dg700_-_new_flow_rings_-_cr_-_tpt_-_no_fr_switch_manual_ce_0.pdf
http://www.energyconservatory.com/sites/default/files/documents/mod_3-4_dg700_-_new_flow_rings_-_cr_-_tpt_-_no_fr_switch_manual_ce_0.pdf

Illinois Statewide Technical Reference Manual — 5.3.4 Duct Insulation and Sealing

Loadshape R09 - Residential Electric Space Heat
Loadshape R10 - Residential Electric Heating and Cooling (Shell Measures)

COINCIDENCE FACTOR

The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to estimate
peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second represents
the average savings over the defined summer peak period, and is presented so that savings can be bid into PJM’s
Forward Capacity Market.

CFsss = Summer System Peak Coincidence Factor for Central A/C (during utility peak hour)
= 68%2%4
CFem = PJM Summer Peak Coincidence Factor for Central A/C (average during PJM peak period)
= 46.6%2%
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Methodology 1: Modified Blower Door Subtraction
a) Determine Duct Leakage rate before and after performing duct sealing:
Duct Leakage (CFMSODL) = (CFMSOWhoIe House — CFMSOEnveIope Only) * SCF
Where:

CFM50whole House = Standard Blower Door test result finding Cubic Feet per Minute at 50 Pascal
pressure differential

CFM50envelope only = Blower Door test result finding Cubic Feet per Minute at 50 Pascal pressure
differential with all supply and return registers sealed.

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

b) Calculate duct leakage reduction, convert to CFM25pLand factor in Supply and Return Loss Factors

Duct Leakage Reduction (ACFM25p.) = (Pre CFM50p. — Post CFM50p.) * 0.64 * (SLF + RLF)
Where:

0.64 = Converts CFM50 to CFIM25256

SLF = Supply Loss Factor

254 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren lllinois service territory.

255 Based on analysis of Itron eShape data for Missouri, calibrated to Illinois loads, supplied by Ameren. The average AC load
over the PJM peak period (1-5pm, M-F, June through August) is divided by the maximum AC load during the year.

256 25 Pascals is the standard assumption for typical pressures experienced in the duct system under normal operating
conditions. To convert CFM50 to CFM25 you multiply by 0.64 (inverse of the “Can’t Reach Fifty” factor for CFM25; see Energy
Conservatory Blower Door Manual).
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=% leaks sealed located in Supply ducts * 1 257
Default = 0.5258

RLF = Return Loss Factor
=% leaks sealed located in Return ducts * 0.52%°
Default = 0.25260

c) Calculate Electric Energy Savings:

AkWh = AkWhcooling + AKWhean
AkWhcooling = ((ACFM25p./ ((CapacityCool/12,000) * 400)) * FLHcool * CapacityCool * TRFcool *
%Cool) / 1000 / nCool
AkWhean = (ATherms * Fe * 29.3)
Where:
ACFM25p. = Duct leakage reduction in CFM25

= calculated above

CapacityCool = Capacity of Air Cooling system (Btu/hr)
=Actual
12,000 = Converts Btu/H capacity to tons
400 = Converts capacity in tons to CFM (400CFM / ton)261
FLHcool = Full load cooling hours

= Dependent on location as below?252:;

Climate Zone FLHcool FLHcool
(City based upon) Single Family Multifamily
1 (Rockford) 512 467
2 (Chicago) 570 506
3 (Springfield) 730 663
4 (Belleville) 1,035 940

257 Assumes that for each percent of supply air loss there is one percent annual energy penalty. This assumes supply side leaks
are direct losses to the outside and are not recaptured back to the house. This could be adjusted downward to reflect regain of
usable energy to the house from duct leaks. For example, during the winter some of the energy lost from supply leaks in a
crawlspace will probably be regained back to the house (sometimes 1/2 or more may be regained). More information provided
in “Appendix E Estimating HVAC System Loss From Duct Airtightness Measurements” from Energy Conservatory ‘Minneapolis
Duct Blaster Operation Manual’.

258 Assumes 50% of leaks are in supply ducts.

259 Assumes that for each percent of return air loss there is a half percent annual energy penalty. Note that this assumes that
return leaks contribute less to energy losses than do supply leaks. This value could be adjusted upward if there was reason to
suspect that the return leaks contribute significantly more energy loss than “average” (e.g. pulling return air from a super
heated attic), or can be adjusted downward to represent significantly less energy loss (e.g. pulling return air from a moderate
temperature crawl space) . More information provided in “Appendix E Estimating HVAC System Loss From Duct Airtightness
Measurements” from Energy Conservatory ‘Minneapolis Duct Blaster Operation Manual’.

260 Assumes 50% of leaks are in return ducts.

261 This conversion is an industry rule of thumb; e.g. see ‘Why 400 CFM per ton.pdf’.

262 Based on Full Load Hours from ENERGY STAR with adjustments made in a Navigant Evaluation, other cities were scaled using
those results and CDD. There is a county mapping table in Volume 1, Section 3.7 providing the appropriate city to use for each
county of lllinois.
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Climate Zone FLHcool FLHcool
(City based upon) Single Family Multifamily
5 (Marion) 903 820
Weighted Average?®? 629 564

Use Multifamily if: Building has shared HVAC or meets utility’s definition for multifamily
TRFcool = Thermal Regain Factor for cooling by space type
= 1.0 for Unconditioned Spaces

= 0.4 for Semi-Conditioned Spaces264

%Cool = Percent of homes that have cooling
Central Cooling? %Cool
Yes 100%
No 0%
k f i
Un novyn (for uszeg);n program 66%
evaluation only)
1000 = Converts Btu to kBtu
nCool = Efficiency (SEER) of Air Conditioning equipment (kBtu/kWh)

= Actual. If unknown assume the following?266:

Age of Equipment SEER Estimate

Before 2006 10
After 2006 - 2014 13
Central AC After 1/1/2015 13
Heat Pump After 1/1/2015 14
Unknown (for use in program 10.5
evaluation only)

ATherms = Therm savings as calculated in Natural Gas Savings

Fe = Furnace Fan energy consumption as a percentage of annual fuel consumption
=3.14%257

29.3 = kWh per therm

263 Weighted based on number of occupied residential housing units in each zone.

264 Thermal regain (i.e. the potential for conditioned air escaping from ducts not being lost to the atmosphere) for residential pipe
insulation measures is discussed in Home Energy Services Impact Evaluation, prepared for the Massachusetts Residential Retrofit
and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012.

265 percentage of homes in lllinois that have central cooling from “Table HC7.9 Air Conditioning in Homes in Midwest Region,
Divisions, and 