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5.5 Lighting End Use
5.5.1 ENERGY STAR Compact Fluorescent Lamp (CFL)

DESCRIPTION

A low wattage ENERGY STAR qualified compact fluorescent screw-in bulb (CFL) is installed in place of a baseline
screw-in bulb.

This characterization assumes that the CFL is installed in a residential location. If the implementation strategy does
not allow for the installation location to be known (e.g. an upstream retail program), a deemed split of 96%

Residential and 4% Commercial assumptions should be used™?*.

Federal legislation stemming from the Energy Independence and Security Act of 2007 (EISA) required all general-
purpose light bulbs between 40W and 100W to be approximately 30% more energy efficient than current
incandescent bulbs. Production of 100W, standard efficacy incandescent lamps ended in 2012, followed by
restrictions on 75W in 2013 and 60W and 40W in 2014. The baseline for this measure has therefore become bulbs
(improved incandescent or halogen) that meet the new standard.

A provision in the EISA regulations requires that by January 1, 2020, all lamps meet efficiency criteria of at least 45
lumens per watt, in essence making the baseline equivalent to a current day CFL. Therefore the measure life
(number of years that savings should be claimed) should be reduced once the assumed lifetime of the bulb
exceeds 2020. Due to expected delay in clearing retail inventory and to account for the operating life of a halogen
incandescent potentially spanning over 2020, this shift is assumed not to occur until mid-2020.

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

In order for this characterization to apply, the high-efficiency equipment must be a standard ENERGY STAR
qualified compact fluorescent lamp.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be an EISA qualified incandescent or halogen as provided in the table
provided in the Electric Energy Savings section.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

Residential, Multi Family In unit bulbs and Unknown: The expected measure life (number of years that savings

should be claimed) for bulbs installed June 2012 — May 2015 is assumed to be 5.2 year51241. For bulbs installed

June 2015 — May 2016, this would be reduced to 5 years and then for every subsequent year should be reduced by
1242

one year

1240 RES v C&l split is based on a weighted (by sales volume) average of ComEd PY4, PY5 and PY6 and Ameren PY5 and PY6 in

store intercept survey results. See ‘RESvCI Split_122014.xIs’.

1241 Jump et al 2008: "Welcome to the Dark Side: The Effect of Switching on CFL Measure Life" indicates that the “observed life”
of CFLs with an average rated life of 8000 hours (8000 hours is the average rated life of ENERGY STAR bulbs
(http://www.energystar.gov/index.cfm?c=cfls.pr_crit cfls) is 5.2 years.

1292 gjnce the replacement baseline bulb from 2020 on will be equivalent to a CFL, no additional savings should be claimed from
that point. Due to expected delay in clearing stock from retail outlets and to account for the operating life of a halogen
incandescent potentially spanning over 2020, this shift is assumed not to occur until mid-2020.
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Exterior bulbs: The expected measure life is 3.2 years1243 for bulbs installed June 2012 — May 2016. For bulbs

installed June 2017-May 2018 this would be reduced to 3 years.

DEEMED MEASURE COST

For the Retail (Time of Sale) measure, the incremental capital cost is $1.25 from June 2014 — May 2015, $1.6 from

June 2015 to May 2016 and $1.70 from June 2017 to May 2018"%*,

1245

For the Direct Install measure, the full cost of $2.50 per bulb should be used, plus $5 labor cost for a total of

$7.50 per bulb. However actual program delivery costs should be utilized if available.
For bulbs provided in Efficiency Kits, the actual program delivery costs should be utilized.
LOADSHAPE

Loadshape R06 - Residential Indoor Lighting
Loadshape RO7 - Residential Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor is assumed to be 7.1% for Time of Sale Residential and in-unit Multi Family
bulbs, 27.3% for exterior bulbs and 8.1% for unknown®* and 7.4% for Residential Direct Install***’.

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = ((WattsBase - WattsEE) / 1000) * ISR * (1-Leakage) * Hours * WHFe
Where:
WattsBase = Based on lumens of CFL bulb and program year installed:
Incandescent
. . Equivalent
Minimum Lumens| Maximum Lumens Post-EISA 2007
(WattsBase)
5280 6209 300
3000 5279 200

1243
1244

Based on using 8,000 hour rated life assumption since more switching and use outdoors. 8,000/2475 = 3.2years

Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input and provided to
Ameren.

1245 Based on 15 minutes at $20 an hour. Includes some portion of travel time to site.

Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.

Based on lighting logger study conducted as part of the PY5/PY6 ComEd Residential Lighting Program evaluation and
excluding all logged bulbs installed in closets.

1246
1247
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Incandescent
. . Equivalent
Minimum Lumens| Maximum Lumens Post-EISA 2007
(WattsBase)
2601 2999 150
1490 2600 72
1050 1489 53
750 1049 43
310 749 29
250 309 25
WattsEE = Actual wattage of CFL purchased / installed
ISR = In Service Rate, the percentage of units rebated that are actually in service.
Weighted
Average 2nd year 3rd year Final
Program 1st Year In Y . ¥ X Lifetime In
. Installations Installations .
Service Service Rate
Rate (ISR)
Retail (Time of Sale) 73.2%"* 13.4% 11.4% 98.0%"**
Efficiency | CFL Distribution™ 59% 13% 11% 83%
K.t51251
! School Kits™> 61% 13% 11% 86%

1248 gt year in service rate is based upon review of PY4-6 evaluations from ComEd and PY5-6 for Ameren (see ‘IL RES Lighting

ISR_122014.xIs’ for more information). The average first year ISR for each utility was calculated weighted by the number of
bulbs in the each year’s survey. This was then weighted by annual sales to give a statewide assumption.

2% The 98% Lifetime ISR assumption is based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.’ This
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2" and 3™
year installations should be counted as part of those future program year savings.

1230 Based upon review of the PY2 and PY3 ComEd Direct Install program surveys. This value includes bulb failures in the 1st
year to be consistent with the Commission approval of annualization of savings for first year savings claims. ComEd PY2 All
Electric Single Family Home Energy Performance Tune-Up Program Evaluation, Navigant Consulting, December 21, 2010.
http://www.icc.illinois.gov/downloads/public/edocket/287090.pdf.

125111 Service Rates provided are for the CFL bulb within a kit only. Given the significant differences in program design and the
level of education provided through Efficiency Kits programs, the evaluators should apply the ISR estimated through evaluations
(either past evaluations or the current program year evaluation) of the specific Efficiency Kits program. In cases where
program-specific evaluation results for an ISR are unavailable, the default ISR values for Efficiency Kits provided may be used.
1252 Eree bulbs provided without request, with little or no education. Based on ‘Impact and Process Evaluation of 2013 (PY6)
Ameren lllinois Company Residential CFL Distribution Program’, Report Table 11 and Appendix B.

1253 its provided free to students through school, with education program. Based on ‘Impact and Process Evaluation of 2013
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Weighted
Average 2nd year 3rd year Final
Program 1st Year In 4 ) y ) Lifetime In
. Installations Installations .
Service Service Rate
Rate (ISR)
Direct Mail Kits'*** 66% 14% 12% 93%
Leakage = Adjustment to account for the percentage of bulbs purchased that move out (and in if
deemed appropriate) of the Utility Jurisdiction.
Upstream (TOS) Lighting programs = Determined through evaluation®®”,
All other programs =0
Hours = Average hours of use per year
Program Delivery ‘ Installation Location Hours>®
Retail (Time of Sale) and | Residential Interior and in-unit 759
Efficiency Kits Multi Family
Exterior 2,475 1257
Unknown 8471258
Direct Install Residential Interior and in-unit 793
Multi Family
Exterior 2,475
WHFe = Waste heat factor for energy to account for cooling energy savings from efficient
lighting

Interior single family or unknown location 1.06

(PY6) Ameren lllinois Company Residential Efficiency Kits Program’, table 10. Final ISR assumptions are based upon comparing
with CFL Distribution First year ISR and multiplying by the CFL Distribution Final ISR value, and second and third year estimates
based on same proportion of future installs.

1234 Opt-in program to receive kits via mail, with little or no education. Based on ‘Impact and Process Evaluation of 2013 (PY6)
Ameren lllinois Company Residential Efficiency Kits Program’, table 10, as above.

1253 Using a leakage estimate from the current program year evaluation, from past evaluation results, or a rolling average of
leakage estimates from previous years.

1256 Except where noted, based on lighting logger study conducted as part of the PY5/PY6 ComEd Residential Lighting Program
evaluation. Direct Install value excludes all logged bulbs installed in closets.

1257 Based on secondary research conducted as part of the PY5/PY6 ComEd Residential Lighting Program evaluation.

1258 pssumes 5% exterior lighting, based on PYPY5/PY6 ComEd Residential Lighting Program evaluation.

1259 The value is estimated at 1.06 (calculated as 1 + (0.66*(0.27 / 2.8)). Based on cooling loads decreasing by 27% of the
lighting savings (average result from REMRate modeling of several different configurations and IL locations of homes), assuming
typical cooling system operating efficiency of 2.8 COP (starting from standard assumption of SEER 10.5 central AC unit,
converted to 9.5 EER using algorithm (-0.02 * SEER2) + (1.12 * SEER) (from Wassmer, M. (2003). A Component-Based Model for
Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder), converted
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Multi family in unit 1.04 *%°

Exterior or uncooled location 1.0

DEFERRED INSTALLS

As presented above, the characterization assumes that a percentage of bulbs purchased are not installed until Year
2 and Year 3 (see ISR assumption above). The lllinois Technical Advisory Committee has determined the following
methodology for calculating the savings of these future installs.

Year 1 (Purchase Year) installs: Characterized using assumptions provided above or evaluated
assumptions if available.

Year 2 and 3 installs: Characterized using delta watts assumption and hours of use from the
Install Year i.e. the actual deemed (or evaluated if available)
assumptions active in Year 2 and 3 should be applied.

The NTG factor for the Purchase Year should be applied.

For example, for a 14W CFL (60W standard incandescent and 43W EISA qualified incandescent/halogen)
purchased in 2014.

AKWH 1t vearinstas = ((43 - 14) / 1000) * 0.722 * 847 * 1.06
=18.8 kWh
AKWH 344 year instanis = ((43 - 14) / 1000) * 0.139 * 847 * 1.06
=3.6 kWh
Note: Here we assume no change in hours assumption. NTG value from Purchase year applied.
AKWH3 g yearinstas = ((43 - 14) / 1000) * 0.119 * 847 * 1.06
=3.1kWh

HEATING PENALTY

If electric heated home (if heating fuel is unknown assume gas, see Natural Gas section):

1261

AkWh = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF) / nHeat

to COP = EER/3.412 = 2.8COP) and 66% of homes in lllinois having central cooling ("Table HC7.9 Air Conditioning in Homes in
Midwest Region, Divisions, and States, 2009 from Energy Information Administration", 2009 Residential Energy Consumption
Survey;
http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xls )
1260 a5 above but using estimate of 45% of multi family buildings in Illinois having central cooling (based on data from “Table
HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty

pe.xls
1261 Negative value because this is an increase in heating consumption due to the efficient lighting.
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Where:
HF = Heating Factor or percentage of light savings that must be heated
= 49%"® for interior or unknown location
= 0% for exterior or unheated location
nHeat = Efficiency in COP of Heating equipment

1263,

= actual. If not available use

. HSPF nHeat
Age of Equipment X
System Type Estimate (COP Estimate)
Before 2006 6.8 2.00
Heat Pump 2006 - 2014 7.7 2.26
2015 on 8.2 2.40
Resistance N/A N/A 1.00

For example, a 14W standard CFL is purchased in 2014 and installed in home with 2.0 COP Heat Pump:
AKWhigt year =-(((43-14)/1000) * 0.722 * 759 * 0.49) / 2.0
=-3.9kWh

Second and third year install savings should be calculated using the appropriate ISR and the delta watts and
hours from the install year.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = ((WattsBase - WattsEE) / 1 000) * ISR * WHFd * CF
Where:
WHFd = Waste heat factor for demand to account for cooling savings from efficient lighting.
Interior single family or unknown location 1.11%%%
Multi family in unit 1.07%%%

1262 This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate

modeling of several different configurations and IL locations of homes.

1283 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.

126% The value is estimated at 1.11 (calculated as 1 + (0.66 * 0.466 / 2.8)). See footnote relating to WHFe for details. Note the
46.6% factor represents the average Residential cooling coincidence factor calculated by dividing average load during the peak
hours divided by the maximum cooling load.

1265 s above but using estimate of 45% of multi family buildings in Illinois having central cooling (based on data from “Table
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Bulb Location

Exterior or uncooled location 1.0
CF = Summer Peak Coincidence Factor for measure.

Program Delivery Bulb Location (o] Sl

Retail(Time of Sale) Interior single family or Multi 7.1%

Family in unit

Exterior 27.3%
Unknown location 8.1%
Direct Install Residential 7.4%

Other factors as defined above

For example, a 14W standard CFL is purchased and installed in a single family interior location in 2014:
AkW =((43-14)/1000) * 0.722 * 1.11 * 0.071
=0.0017 kW

Second and third year install savings should be calculated using the appropriate ISR and the delta watts
and hours from the install year.

NATURAL GAS SAVINGS

Heating Penalty if Natural Gas heated home (or if heating fuel is unknown):

ATherms™®” = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF * 0.03412) / nHeat
Where:
HF = Heating Factor or percentage of light savings that must be heated
= 49%"%®® for interior or unknown location
= 0% for exterior or unheated location
0.03412 =Converts kWh to Therms
nHeat = Efficiency of heating system

HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty
pe.xls.

1268 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation. Direct Install
value is based on resut excluding all logged bulbs installed in closets.

1267 Negative value because this is an increase in heating consumption due to the efficient lighting.

This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate
modeling of several different configurations and IL locations of homes.

1268

Page 686 of 801


http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Type.xls
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Type.xls

Illinois Statewide Technical Reference Manual - 5.5.1 ENERGY STAR Compact Fluorescent Lamp (CFL)

=70(%)1269

For example, al4 standard CFL is purchased and installed in a home in 2014:
ATherms =-(((43-14)/1000) * 0.722 * 759 * 0.49 * 0.03412) /0.7
=-0.38 Therms

Second and third year install savings should be calculated using the appropriate ISR and the delta watts and
hours from the install year.

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

Bulb replacement costs assumed in the O&M calculations are provided below™?".

EISA Compliant

Halogen

2014 $0.34 $1.25
2015 $0.34 $0.90
2016 $0.34 $0.80
2017 $0.34 $0.70
2018 $0.34 $0.60
2019 $0.34 $0.60
2020 & after $0.34 N/A

In order to account for the falling EISA Qualified bulb replacement cost provided above, an equivalent annual
levelized baseline replacement cost over the lifetime of the CFL bulb is calculated. Note that the measure life for
these measures is capped to the number of years remaining until 2020.

The NPV for replacement lamps and annual levelized replacement costs using the statewide real discount rate of
5.23% are presented below:

1289 This has been estimated assuming that natural gas central furnace heating is typical for lllinois residences (66% of lllinois

homes have a Natural Gas Furnace (based on Energy Information Administration, 2009 Residential Energy Consumption Survey:
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xIs))

In 2000, 24% of furnaces purchased in Illinois were condensing (based on data from GAMA, provided to Department of Energy
during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.
Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system
efficiency is estimated as follows:

(0.24*0.92) + (0.76*0.8) * (1-0.15) = 0.70

1270 Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input and provided to
Ameren.
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Levelized annual replacement cost
savings

NPV of replacement costs for period

Location Lumen Level
June 2015- June 2016 - June 2017 - June 2015-  June 2016- June 2017 -

May 2016 May 2017 May 2018 May 2016 May 2017 May 2018

Lumens <310 or >2600
Residential and (EISA exempt) $0.86 $0.66 $0.45 $0.19 $0.15 $0.13
in-unit Multi
Family Lumens > 310 and <
2600 (EISA compliant) $1.73 $1.24 $0.80 $0.39 $0.29 $0.23
Lumens <310 or >2600
(EISA exempt) $2.91 $2.64 $1.96 $1.00 $0.91 $0.56
Exterior
Lumens = 310 and <
2600 (EISA compliant) $6.21 $5.31 $3.60 $2.14 $1.83 $1.02
Lumens <310 or >2600 | ¢ o, $0.74 $0.51 $0.22 $0.17 $0.14
(EISA exempt)
Unknown
Lumens > 310 and <
2600 (EISA compliant) $1.93 $1.39 $0.90 $0.43 $0.32 $0.25

Note incandescent lamps in lumen range <310 and >2600 are exempt from EISA. For halogen bulbs, we assume the
same replacement cycle as incandescent bulbs.*?"* The replacement cycle is based on the location of the lamp and
varies based on the hours of use for that location. Both incandescent and halogen lamps are assumed to last for
1,000 hours before needing replacement.

MEASURE CODE: RS-LTG-ESCF-V04-150601

127 The manufacturers of the new minimally compliant EISA Halogens are using regular incandescent lamps with halogen fill gas

rather than halogen infrared to meet the standard and so the component rated life is equal to the standard incandescent.
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5.5.2 ENERGY STAR Specialty Compact Fluorescent Lamp (CFL)

DESCRIPTION

An ENERGY STAR qualified specialty compact fluorescent bulb is installed in place of an incandescent specialty
bulb.

This characterization assumes that the specialty CFL is installed in a residential location. If the implementation
strategy does not allow for the installation location to be known (e.g. an upstream retail program) a deemed split
of 96% Residential and 4% Commercial assumptions should be used™",

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

Energy Star qualified specialty CFL bulb based upon the draft ENERGY STAR specification for lamps
(http://energystar.gov/products/specs/sites/products/files/ENERGY STAR Lamps V1 0 Draft%203.pdf).

DEFINITION OF BASELINE EQUIPMENT

The baseline is a specialty incandescent light bulb including those exempt of the EISA 2007 standard: three-way,
plant light, daylight bulb, bug light, post light, globes G40 (<40W), candelabra base (<60W), vibration service bulb,
decorative candle with medium or intermediate base (<40W), shatter resistant and reflector bulbs and standard
bulbs greater than 2601 lumens, and those non-exempt from EISA 2007: dimmable, globes (less than 5” diameter
and >40W), candle (shapes B, BA, CA >40W, candelabra base lamps (>60W) and intermediate base lamps (>40W).

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 6.8 year1273.

Exterior bulbs: The expected measure life is 3.2 years1274 for bulbs installed June 2012 — May 2017. For bulbs

installed June 2017-May 2018 this would be reduced to 3 years.

DEEMED MEASURE COST

For the Retail (Time of Sale) measure, the incremental capital cost for this measure is $51275,

1276

For the Direct Install measure, the full cost of $8.50 should be used plus $5 labor for a total of $13.50. However

actual program delivery costs should be utilized if available.

For bulbs provided in Efficiency Kits, the actual program delivery costs should be utilized..

1272 RES v C& split is based on a weighted (by sales volume) average of ComEd PY4, PY5 and PY6 and Ameren PY5 and PY6 in

store intercept survey results. See ‘RESvCI Split_122014.xls’.

273 The assumed measure life for the specialty bulb measure characterization was reported in "Residential Lighting Measure
Life Study", Nexus Market Research, June 4, 2008 (measure life for markdown bulbs). Measure life estimate does not
distinguish between equipment life and measure persistence. Measure life includes products that were installed and operated
until failure (i.e., equipment life) as well as those that were retired early and permanently removed from service for any reason,
be it early failure, breakage, or the respondent not liking the product (i.e., measure persistence).

1274 Based on using 8,000 hour rated life assumption since more switching and use ourdoors. 8,000/2475 = 3.2years

NEEP Residential Lighting Survey, 2011

Based on 15 minutes at $20 per hour.

1275
1276
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LOADSHAPE
Loadshape RO6 - Residential Indoor Lighting

Loadshape RO7 - Residential Outdoor Lighting

COINCIDENCE FACTOR

Unlike standard CFLs that could be installed in any room, certain types of specialty CFLs are more likely to be found
in specific rooms, which affects the coincident peak factor. Coincidence factors by bulb types are presented

below™?"”
Bulb Type Peak CF

Three-way 0.078""®
Dimmable 0.078"%"
Interior reflector (incl. dimmable) 0.091
Exterior reflector 0.273
Candelabra base and candle medium and intermediate base 0.121
Bug light 0.273
Post light (>100W) 0.273
Daylight 0.081
Plant light 0.081
Globe 0.075
Vibration or shatterproof 0.081
Standard spirals >= 2601 lumens, Residential, Multi-family in unit 0.071
Standard spirals >= 2601 lumens, unknown 0.081
Standard spirals >= 2601 lumens, exterior 0.273
Specialty - Generic 0.081

1277 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.

Based on average of bedroom, dining room, office and living room results from the lighting logger study conducted as part
of the PY5/6 ComEd Residential Lighting Program evaluation.
1279 .

Ibid

1278
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = ((WattsBase - WattsEE) / 1000) * ISR * (1-Leakage) * Hours * WHFe

Where:

WattsBase = Actual wattage equivalent of incandescent specialty bulb, use the tables below to
obtain the incandescent bulb equivalent wattagelzgo; use 60W if unknown™?®*

EISA exempt bulb types:

Bulb Type Lower Lumen Upper Lumen WattsBase
Range Range
Standard Spirals >=2601 2601 2999 150
3000 5279 200
5280 6209 300
3-Way 250 449 25
450 799 40
800 1099 60
1100 1599 75
1600 1999 100
2000 2549 125
2550 2999 150
Globe 90 179 10
(medium and intermediate bases less 180 249 15
than 750 lumens) 50 329 5
350 749 40
Decorative 70 89 10

1280 Based upon the draft ENERGY STAR specification for lamps
(http://energystar.gov/products/specs/sites/products/files/ENERGY_STAR Lamps V1 0 Draft%203.pdf) and the Energy Policy

and Conservation Act of 2012.
1281 A 2006-2008 California Upstream Lighting Evaluation found an average incandescent wattage of 61.7 Watts (KEMA, Inc, The

Cadmus Group, Itron, Inc, PA Consulting Group, Jai J. Mitchell Analytics, Draft Evaluation Report: Upstream Lighting Program.
Prepared for the California Public Utilities Commission, Energy Division. December 10, 2009)
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Bulb Type Lower Lumen Upper Lumen WattsBase
Range Range
(Shapes B, BA, C, CA, DG, F, G, 90 149 15
. . . |
medium and intermediate bases less 150 299 25
than 750 lumens)
300 749 40
Globe 90 179 10
(candelabra bases less than 1050 180 249 15
lumens)
250 349 25
350 499 40
500 1049 60
Decorative 70 89 10
(Shapes B, BA, C, CA, DG, F, G, 90 149 15
candelabra bases less than 1050
150 299 25
lumens)
300 499 40
500 1049 60

Directional Lamps - ENERGY STAR Minimum Luminous Efficacy = 40Lm/W for lamps with rated
wattages less than 20Wand 50 Lm/W for lamps with rated wattages >= 20 watts' 2%,

1283,

For Directional R, BR, and ER lamp types

Lower Upper
Bulb Type Lumen Lumen  Wattsg,,.
Range Range
420 472 40
473 524 45
R, ER, BR with 525 714 50
medium screw 715 937 65
bases w/ 938 1259 75

diameter >2.25"

(*see exceptions 1260 1399 90
below) 1400 1739 100
1740 2174 120

2175 2624 150

1282 £rom pg 10 of the Energy Star Specification for lamps v1.1

128 £rom pg 11 of the Energy Star Specification for lamps v1.1
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Lower Upper
Bulb Type Lumen Lumen  Wattsg,,
Range Range
2625 2999 175
3000 4500 200
*R, BR, and ER 400 449 40
with medium 450 499 45
screw bases w/
diameter 500 649 50
<=2.25" 650 1199 65
400 449 40
*ER30, BR30,
BR40, or ER40 450 499 45
500 649 50
*BR30, BR40, or
ER40 650 1419 65
400 449 40
*R20
450 719 45
*All reflector 200 299 20
lamps below
lumen ranges
specified above 300 399 30

Directional lamps are exempt from EISA regulations.

For PAR, MR, and MRX Lamps Types:

For these highly focused directional lamp types, it is necessary to have Center Beam Candle Power (CBCP)
and beam angle measurements to accurately estimate the equivalent baseline wattage. The formula
below is based on the Energy Star Center Beam Candle Power tool.*®* If CBCP and beam angle
information are not available, refer to the R, BR, and ER lumen based method above.

Wattsbase =

375.1 — 4.355(D) — /227,800 — 937.9(D) — 0.9903(D2) — 1479(BA) — 12.02(D * BA) + 14.69(BA?) — 16,720 * In(CBCP)

Where:
D = Bulb diameter (e.g. for PAR20 D = 20)
BA = Beam angle
CBCP = Center beam candle power

The result of the equation above should be rounded DOWN to the nearest wattage established by Energy Star:

1284 http://energystar.supportportal.com/link/portal/23002/23018/Article/32655/
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Diameter Permitted Wattages

16 20, 35, 40, 45, 50, 60, 75

20 50

30S 40, 45, 50, 60, 75

30L 50, 75

38 40, 45, 50, 55, 60, 65, 75, 85, 90, 100, 120, 150, 250

EISA non-exempt bulb types:

Bulb Type Upper Incandescent

Lumen Equivalent

Range b t-EISA 2007

(WattsBase)

Dimmable Twist, Globe (less than 5" in 310 749 29
diameter and > 749 lumens), candle
(shapes B, BA, CA > 749 lumens),
Candelabra Base Lamps (>1049 1050 1489 53
lumens), Intermediate Base Lamps

750 1049 43

1490 2600 72
(>749 lumens)
WattsEE = Actual wattage of energy efficient specialty bulb purchased, use 15W if unknown'?®
ISR = In Service Rate, the percentage of units rebated that are actually in service.

Weighted Average Final Lifetime
Program 1st year In Service

2nd year 3rd year

Installations Installations LI
Rate (ISR) Rate

Retail (Time of Sale) 88.0% 5.4% 4.6% 98.0% %’

1285 An evaluation (Energy Efficiency / Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation Report: Residential

Energy Star @ Lighting

http://ilsag.org/yahoo_site_admin/assets/docs/ComEd Res Lighting PY2 Evaluation Report 2010-12-21 Final.12113928.pdf
) reported 13-17W as the most common specialty CFL wattage (69% of program bulbs). 2009 California data also reported an
average CFL wattage of 15.5 Watts (KEMA, Inc, The Cadmus Group, Itron, Inc, PA Consulting Group, Jai J. Mitchell Analytics,
Draft Evaluation Report: Upstream Lighting Program, Prepared for the California Public Utilities Commission, Energy Division.
December 10, 2009).

1286 gt year in service rate is based upon review of PY4-6 evaluations from ComEd and PY5-6 from Ameren (see ‘IL RES Lighting
ISR_122014.xls’ for more information. The average first year ISR was calculated weighted by the number of bulbs in the each
year’s survey.

287 The 98% Lifetime ISR assumption is consistent with the assumption for standard CFLs (in the absence of evidence that it
should be different for this bulb type) based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.” This
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Weighted Average Final Lifetime
. 2nd year 3rd year )
Program 1st year In Service Installations  Installations In Service
Rate (ISR) EN
Direct Install
Efficiency | CFL 59% 13% 11% 83%
Kits™** Distribution*°
School Kits™** 61% 13% 11% 86%
Direct Mail 66% 14% 12% 93%
Kit51292
Leakage = Adjustment to account for the percentage of bulbs purchased that move out (and in if
deemed appropriate) of the Utility Jurisdiction.
Upstream (TOS) Lighting programs = Determined through evaluation®®®.
All other programs =0
Hours = Average hours of use per year, varies by bulb type as presented below:"?%*
Annual hours
Bulb Type
of use (HOU)
Three-way 850
Dimmable 850
Interior reflector (incl. dimmable) 861
Exterior reflector 2475

implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2" and 3™
year installations should be counted as part of those future program year savings.

1288 Consistent with assumption for standard CFLs (in the absence of evidence that it should be different for this bulb type).
Based upon review of the PY2 and PY3 ComEd Direct Install program surveys. This value includes bulb failures in the 1st year to
be consistent with the Commission approval of annualization of savings for first year savings claims. ComEd PY2 All Electric
Single Family Home Energy Performance Tune-Up Program Evaluation, Navigant Consulting, December 21, 2010.
http://www.icc.illinois.gov/downloads/public/edocket/287090.pdf.

1289 |1y Service Rates provided are for the bulb within a kit only. Given the significant differences in program design and the level
of education provided through Efficiency Kits programs, the evaluators should apply the ISR estimated through evaluations
(either past evaluations or the current program year evaluation) of the specific Efficiency Kits program. In cases where
program-specific evaluation results for an ISR are unavailable, the default ISR values for Efficiency Kits provide may be used.
1290 £roe bulbs provided without request, with little or no education. Consistent with Standard CFL assumptions.

1291 yits provided free to students through school, with education program. Consistent with Standard CFL assumptions.

Opt-in program to receive kits via mail, with little or no education. Consistent with Standard CFL assumptions.

Using a leakage estimate from the current program year evaluation, from past evaluation results, or a rolling average of
leakage estimates from previous years.

1298 Hours of use by specialty bulb type calculated using the average hours of use in locations or rooms where each type of
specialty bulb is most commonly found. Values for Reflector, Decorative and Globe are taken directly from the lighting logger
study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation. All other hours have been updated based
on the room specific hours of use from the PY5/PY6 logger study.

1292
1293
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Annual hours
Bulb Type

of use (HOU)

Candelabra base and candle medium and

intermediate base 1190
Bug light 2475
Post light (>100W) 2475
Daylight 847
Plant light 847
Globe 639
Vibration or shatterproof 847
Standard Spiral >2601 lumens, Residential, Multi

Family in-unit 759
Standard Spiral >2601 lumens, unknown 847
Standard Spiral >2601 lumens, Exterior 2475
Specialty - Generic 847

WHFe = Waste heat factor for energy to account for cooling savings from efficient lighting

Bulb Location WHFe

Interior single family or unknown location 1.06 %%
Multi family in unit 1.04 2%
Exterior or uncooled location 1.0

DEFERRED INSTALLS

As presented above, the characterization assumes that a percentage of bulbs purchased are not installed until Year

12%5 The value is estimated at 1.06 (calculated as 1 + (0.66*(0.27 / 2.8)). Based on cooling loads decreasing by 27% of the

lighting savings (average result from REMRate modeling of several different configurations and IL locations of homes), assuming
typical cooling system operating efficiency of 2.8 COP (starting from standard assumption of SEER 10.5 central AC unit,
converted to 9.5 EER using algorithm (-0.02 * SEER2) + (1.12 * SEER) (from Wassmer, M. (2003). A Component-Based Model for
Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder), converted
to COP = EER/3.412 = 2.8COP) and 66% of homes in lllinois having central cooling ("Table HC7.9 Air Conditioning in Homes in
Midwest Region, Divisions, and States, 2009 from Energy Information Administration", 2009 Residential Energy Consumption
Survey;
http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xIs )
12% as above but using estimate of 45% of multi family buildings in Illinois having central cooling (based on data from “Table
HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty

pe.xls
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2 and Year 3 (see ISR assumption above). The lllinois Technical Advisory Committee has determined the following
methodology for calculating the savings of these future installs.

Year 1 (Purchase Year) installs: Characterized using assumptions provided above or evaluated
assumptions if available.

Year 2 and 3 installs: Characterized using delta watts assumption and hours of use from the
Install Year i.e. the actual deemed (or evaluated if available)
assumptions active in Year 2 and 3 should be applied.

The NTG factor for the Purchase Year should be applied.

For example, for a 13W dimmable CFL impacted by EISA 2007 (60W standard incandescent and 43W EISA
qualified incandescent/halogen) purchased in 2013.

AKWH gt year instans = ((60 - 13) / 1000) * 0.823 * 850 * 1.06
=34.9 kWh
AKWH 204 year instanis = ((43 - 13) / 1000) * 0.085 * 850 * 1.06
=2.3kWh
Note: Here we assume no change in hours assumption. NTG value from Purchase year applied.
AKWH3 g year instas = ((43 - 13) / 1000) * 0.072 * 850 * 1.06
=1.9 kWh

Note: delta watts is equivalent to install year. Here we assume no change in hours assumption.

HEATING PENALTY

If electric heated home (if heating fuel is unknown assume gas, see Natural Gas section):

1297

AkWh = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF) / nHeat

Where:

HF = Heating Factor or percentage of light savings that must be heated

129

8 . . .
=49% for interior or unknown location

= 0% for exterior location
nHeat = Efficiency in COP of Heating equipment

. 1299
= actual. If not available use™™":

System Type | Age of Equipment HSPF

Estimate

1297 Negative value because this is an increase in heating consumption due to the efficient lighting.

® This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate
modeling of several different configurations and IL locations of homes.

1299 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.

129

Page 697 of 801



Illinois Statewide Technical Reference Manual - 5.5.2 ENERGY STAR Specialty Compact Fluorescent Lamp (CFL)

‘ (COP Estimate)

Heat Pump Before 2006 6.8 2.00
2006 - 2014 7.7 2.26
2015 on 8.2 2.40
Resistance N/A N/A 1.00

For example, a 15W globe CFL replacing a 60W incandescent specialty bulb installed in home with 2.0 COP
Heat Pump:

DKWh 15t year =-(((60 - 15) / 1000) * 0.823 * 639 * 0.49) / 2.0
=-5.8kWh

Second and third year savings should be calculated using the appropriate ISR.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW =((WattsBase - WattsEE) / 1000) * ISR * WHFd * CF
Where:

WHFd = Waste heat factor for demand to account for cooling savings from efficient lighting.

Bulb Location WHFd

Interior single family or unknown location 1.115%
Multi family in unit 1.075%
Exterior or uncooled location 1.0
CF = Summer Peak Coincidence Factor for measure. Coincidence factors by bulb types are

1302
presented below

Bulb Type Peak CF

Three-way 0.078"%

1390 The value is estimated at 1.11 (calculated as 1 + (0.66 * 0.466 / 2.8)). See footnote relating to WHFe for details. Note the

46.6% factor represents the average Residential cooling coincidence factor calculated by dividing average load during the peak
hours divided by the maximum cooling load.

3% As above but using estimate of 45% of multifamily buildings in Illinois having central cooling (based on data from “Table
HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty
pe.xls.

1392 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.

Based on average of bedroom, dining room, office and living room results from the lighting logger study conducted as part
of the PY5/6 ComEd Residential Lighting Program evaluation.

1303
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Bulb Type Peak CF

1304

Dimmable 0.078

Interior reflector (incl. dimmable) 0.091
Exterior reflector 0.273
Candelabra base and candle medium and intermediate base 0.121
Bug light 0.273
Post light (>100W) 0.273
Daylight 0.081
Plant light 0.081
Globe 0.075
Vibration or shatterproof 0.081
Standard Spiral >=2601 lumens, Residential, Multi-family in unit 0.071
Standard spirals >= 2601 lumens, unknown 0.081
Standard spirals >= 2601 lumens, exterior 0.273
Specialty - Generic 0.081

Other factors as defined above

For example, a 15W specialty CFL replacing a 60W incandescent specialty bulb:
AKW 14 year =((60 - 15) / 1000) * 0.823 * 1.11 * 0.081
=0.003 kW

Second and third year savings should be calculated using the appropriate ISR.

NATURAL GAS SAVINGS

Heating Penalty if Natural Gas heated home (or if heating fuel is unknown):

ATherms™® =- (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF * 0.03412) / nHeat
Where:
HF = Heating Factor or percentage of light savings that must be heated
= 49%"°® for interior or unknown location
= 0% for exterior location
% |bid

1305 Negative value because this is an increase in heating consumption due to the efficient lighting.

This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate
modeling of several different configurations and IL locations of homes.

1306
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0.03412 =Converts kWh to Therms
nHeat = Efficiency of heating system
—709137

For example, a 15W Globe specialty CFL replacing a 60W incandescent specialty bulb:
ATherms =-(((60-15) /1000) * 0. 823 * 639 * 0.49 * 0.03412) / 0.7
=-0.57 Therms

Second and third year savings should be calculated using the appropriate ISR.

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

For those bulbs types exempt from EISA the following O&M assumptions should be used: Life of the baseline bulb

is assumed to be 1.32 yearlSOS; baseline replacement cost is assumed to be $3.513%°,

For non-exempt EISA bulb types defined above, the following O&M assumptions should be used: Life of the

baseline bulb is assumed to be 1.32 yearlglo; baseline replacement cost is assumed to be g5ttt

MEASURE CODE: RS-LTG-ESCC-V03-150601

1397 This has been estimated assuming that natural gas central furnace heating is typical for lllinois residences (66% of Illinois

homes have a Natural Gas Furnace (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.)

In 2000, 24% of furnaces purchased in Illinois were condensing (based on data from GAMA, provided to Department of Energy
during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.
Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system
efficiency is estimated as follows:

(0.24*0.92) + (0.76*0.8) * (1-0.15) = 0.70

1308 Assuming 1000 hour rated life for incandescent bulb: 1000/759 = 1.32

NEEP Residential Lighting Survey, 2011

1310 Assuming 1000 hour rated life for halogen bulb: 1000/759 = 1.32

1311 NEEP Residential Lighting Survey, 2011

1309
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5.5.3 ENERGY STAR Torchiere

DESCRIPTION

A high efficiency ENERGY STAR fluorescent torchiere is purchased in place of a baseline mix of halogen and
incandescent torchieres and installed in a residential setting.

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 fluorescent torchiere must meet ENERGY STAR efficiency standards.

DEFINITION OF BASELINE EQUIPMENT

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

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The lifetime of the measure is assumed to be 8 yearslBlz.

DEEMED MEASURE COST

The incremental cost for this measure is assumed to be $51313.

LOADSHAPE

Loadshape RO6 - Residential Indoor Lighting

Loadshape RO7 - Residential Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is 7.1% for Residential and in-unit Multi Family bulbs and
8.1% for bulbs installed in unknown locations***“.

1312 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.

DEER 2008 Database Technology and Measure Cost Data (www.deeresources.com) and consistent with Efficiency Vermont
TRM.
1314 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.

1313
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = ((AWatts) /1000) * ISR * (1-Leakage) * HOURS * WHFe

Where:

AWatts = Average delta watts per purchased ENERGY STAR torchiere
- 115.8 1315

ISR = In Service Rate or percentage of units rebated that get installed.
-0.86 1316

Leakage = Adjustment to account for the percentage of bulbs purchased that move out (and in if
deemed appropriate) of the Utility Jurisdiction.
Upstream (TOS) Lighting programs = Determined through evaluation™’,
All other programs =0

HOURS = Average hours of use per year

Installation Location

Residential and in-unit Multi Family 1095 (3.0 hrs per day)™*®

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

Bulb Location

Interior single family or unknown location 1.06 B8

1315 Nexus Market Research, “Impact Evaluation of the Massachusetts, Rhode Island and Vermont 2003 Residential Lighting

Programs”, Final Report, October 1, 2004, p. 43 (Table 4-9)

1316 Nexus Market Research, RLW Analytics “Impact Evaluation of the Massachusetts, Rhode Island, and Vermont 2003
Residential Lighting Programs” table 6-3 on p63 indicates that 86% torchieres were installed in year one.
http://publicservice.vermont.gov/energy/ee files/efficiency/eval/marivtreportfinal100104.pdf

B Using a leakage estimate from the current program year evaluation, from past evaluation results, or a rolling average of
leakage estimates from previous years.

1318 Nexus Market Research, “Impact Evaluation of the Massachusetts, Rhode Island and Vermont 2003 Residential Lighting
Programs”, Final Report, October 1, 2004, p. 104 (Table 9-7)

3% The value is estimated at 1.06 (calculated as 1 + (0.66*(0.27 / 2.8)). Based on cooling loads decreasing by 27% of the
lighting savings (average result from REMRate modeling of several different configurations and IL locations of homes), assuming
typical cooling system operating efficiency of 2.8 COP (starting from standard assumption of SEER 10.5 central AC unit,
converted to 9.5 EER using algorithm (-0.02 * SEER2) + (1.12 * SEER) (from Wassmer, M. (2003). A Component-Based Model for
Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder), converted
to COP = EER/3.412 = 2.8COP) and 66% of homes in lllinois having central cooling ("Table HC7.9 Air Conditioning in Homes in
Midwest Region, Divisions, and States, 2009 from Energy Information Administration", 2009 Residential Energy Consumption
Survey;
http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xIs )
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Bulb Location WHFe

Multi family in unit 1.04 8%

Exterior or uncooled location 1.0

For single family buildings:
AkWh =(115.8 /1000) * 0.86 * 1095 * 1.06
=116 kWh
For multi family in unit:
AkWh =(115.8/1000) * 0.86 * 1095 * 1.04
=113 kWh

HEATING PENALTY

If electric heated home (if heating fuel is unknown assume gas, see Natural Gas section):

AKWh'# = ((AWatts) /1000) * ISR * HOURS * HF) / nHeat
Where:
HF = Heating Factor or percentage of light savings that must be heated
= 49%"*? for interior or unknown location
nHeat = Efficiency in COP of Heating equipment

1323,

= Actual. If not available use defaults provided below

System Type Age of Equipment HSPF nHeat (COP
Estimate Estimate)
Heat Pump Before 2006 6.8 2.00
2006 - 2014 7.7 2.26
2015 on 8.2 2.40
Resistance N/A N/A 1.00

320 As above but using estimate of 45% of multi family buildings in lllinois having central cooling (based on data from “Table

HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty
pe.xls

1321 Negative value because this is an increase in heating consumption due to the efficient lighting.

1322 This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate
modeling of several different configurations and IL locations of homes.

132 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.
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For example, an ES torchiere installed in a house with a newer heat pump:
AkWh  =-((115.8) /1000) * 0.86 * 1095 * 0.49) / 2.26
=-23.6 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = ((AWatts) /1000) * ISR * WHFd * CF

Where:
WHFd = Waste Heat Factor for Demand to account for cooling savings from efficient lighting
Bulb Location WHFd
Interior single family or unknown location 1.117
Multi family in unit 1.077%%
Exterior or uncooled location 1.0
CF = Summer Peak Coincidence Factor for measure
Interior single family or Multi family in unit 7.1%
Unknown location 8.1%

For single family and multi-family in unit buildings:
AkW  =(115.8/1000) * 0.86 * 1.11 * 0.071
=0.008kwW
For unknown location:
AkW  =(115.8/1000) * 0.86 * 1.07 * 0.081
=0.009 kW

1324 The value is estimated at 1.11 (calculated as 1 + (0.66 * 0.466 / 2.8)). See footnote relating to WHFe for details. Note the

46.6% factor represents the average Residential cooling coincidence factor calculated by dividing average load during the peak
hours divided by the maximum cooling load.

1325 as above but using estimate of 45% of multi family buildings in Illinois having central cooling (based on data from “Table
HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty
pe.xls.

1326 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.
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NATURAL GAS SAVINGS

Heating penalty if Natural Gas heated home, or if heating fuel is unknown.
AThermsyy =-(((AWatts) /1000) * ISR * HOURS * 0.03412 * HF) / nHeat
Where:

AThermsyy = gross customer annual heating fuel increased usage for the measure from the
reduction in lighting heat in therms.

0.03412 = conversion from kWh to therms

HF = Heating Factor or percentage of light savings that must be heated
- 499, 137

nHeat = average heating system efficiency
- 709 1328

AThermsyy =-((115.8 /1000) * 0.86 * 1095 * 0.03412 * 0.49) / 0.70
=-2.60 therms

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

Life of the baseline bulb is assumed to be 1.83 years1329 for residential and multifamily in unit. Baseline bulb cost
replacement is assumed to be $6.1%%

MEASURE CODE: RS-LTG-ESTO-V02-150601

1327 This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate

modeling of several different configurations and IL locations of homes.

328 This has been estimated assuming that natural gas central furnace heating is typical for lllinois residences (66% of lllinois
homes have a Natural Gas Furnace (based on Energy Information Administration, 2009 Residential Energy Consumption Survey:
www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls) In 2000,
24% of furnaces purchased in Illinois were condensing (based on data from GAMA, provided to Department of Energy during
the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to last up
to 20 years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.
Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system
efficiency is estimated as follows:

(0.24*0.92) + (0.76*0.8) * (1-0.15) = 0.70

1329 Based on VEIC assumption of baseline bulb (mix of incandescent and halogen) average rated life of 2000 hours, 2000/1095
=1.83 years.

1330 perived from Efficiency Vermont TRM.
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5.5.4 Exterior Hardwired Compact Fluorescent Lamp (CFL) Fixture

DESCRIPTION

An ENERGY STAR lighting fixture wired for exclusive use with pin-based compact fluorescent lamps is installed in an
exterior residential setting. This measure could relate to either a fixture replacement or new installation (i.e. time
of sale).

Federal legislation stemming from the Energy Independence and Security Act of 2007 required all general-purpose
light bulbs between 40 and 100W to be approximately 30% more energy efficient than current incandescent bulbs.
Production of 100W, standard efficacy incandescent lamps ends in 2012, followed by restrictions on 75W in 2013
and 60W and 40W in 2014. The baseline for this measure has therefore become bulbs (improved incandescent or
halogen) that meet the new standard.

A provision in the EISA regulations requires that by January 1, 2020, all lamps meet efficiency criteria of at least 45
lumens per watt, in essence making the baseline equivalent to a current day CFL. Therefore the measure life
(number of years that savings should be claimed) should be reduced once the assumed lifetime of the bulb
exceeds 2020. Due to expected delay in clearing retail inventory and to account for the operating life of a halogen
incandescent potentially spanning over 2020, this shift is assumed not to occur until mid-2020.

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 condition is an ENERGY STAR lighting exterior fixture for pin-based compact fluorescent lamps.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is a standard EISA qualified incandescent or halogen exterior fixture as provided in the table
provided in the Electric Energy Savings section.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected life of an exterior fixture is 20 year51331. However due to the backstop provision in the Energy

Independence and Security Act of 2007 that requires by January 1, 2020, all lamps meet efficiency criteria of at
least 45 lumens per watt, the baseline replacement would become a CFL in that year. The expected measure life
for CFL fixtures installed June 2012 — May 2013 is therefore assumed to be 8 years. For bulbs installed June 2013 -
May 2014, this would be reduced to 7 years and should be reduced each year1332.

DEEMED MEASURE COST

The incremental cost for an exterior fixture is assumed to be $321333.

1331 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007

(http://www.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf) gives 20 years for an interior fluorescent fixture.
332 pue to expected delay in clearing stock from retail outlets and to account for the operating life of a halogen incandescent
potentially spanning over 2020, this shift is assumed not to occur until mid-2020.

1333 ENERGY STAR Qualified Lighting Savings Calculator default incremental cost input for exterior fixture
(http://www.energystar.gov/buildings/sites/default/uploads/files/light fixture ceiling fan calculator.xlsx?4349-303e=&b6b3-
3efd&b6b3-3efd)
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LOADSHAPE

Loadshape RO7 - Residential Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor is assumed to be 27.3%%,

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh =((WattsBase - WattsEE) / 1000) * ISR * (1-Leakage) * Hours
Where:
WattsBase = Based on lumens of CFL bulb and program year purchased:
Incandescent
Equivalent
Minimum Lumens Maximum Lumens Post-EISA 2007
(WattsBase)
5280 6209 300
3000 5279 200
2601 2999 150
1490 2600 72
1050 1489 53
750 1049 43
310 749 29
250 309 25
WattsEE = Actual wattage of CFL purchased
ISR = In Service Rate or the percentage of units rebated that get installed.

1334 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.
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Weighted Final
Average 1st 2nd year 3rd year Lifetime In

Program . . . q
& year In Service Installations Installations Service

Rate (ISR) Rate

Retail (Time of Sale) 87.5%"% 98.0%"%%
Direct Install 96.983%
Leakage = Adjustment to account for the percentage of bulbs purchased that move out (and in if

deemed appropriate) of the Utility Jurisdiction.

Upstream (TOS) Lighting programs = Determined through evaluation™®,

All other programs =0

Hours = Average hours of use per year

=2475 (6.78 hrs per day)1339

DEFERRED INSTALLS

As presented above, the characterization assumes that a percentage of bulbs purchased are not installed until Year
2 and Year 3 (see ISR assumption above). The lllinois Technical Advisory Committee has determined the following
methodology for calculating the savings of these future installs.

Year 1 (Purchase Year) installs: Characterized using assumptions provided above or evaluated
assumptions if available.

Year 2 and 3 installs: Characterized using delta watts assumption and hours of use from the
Install Year i.e. the actual deemed (or evaluated if available)
assumptions active in Year 2 and 3 should be applied.

1335 gt year in service rate is based upon review of PY2-3 evaluations from ComEd (see ‘IL RES Lighting ISR.xIs’ for more

information. The average first year ISR was calculated weighted by the number of bulbs in the each year’s survey.

133 The 98% Lifetime ISR assumption is consistent with the assumption for standard CFLs (in the absence of evidence that it
should be different for this bulb type) based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.” This
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2" and 3™
year installations should be counted as part of those future program year savings.

337 |n the absence of evaluation results for Direct Install Fixtures specifically, this is made consistent with the Direct Install CFL
measure which is based upon review of the PY2 and PY3 ComEd Direct Install program surveys.

1338 Using a leakage estimate from the current program year evaluation, from past evaluation results, or a rolling average of
leakage estimates from previous years.

1339 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.
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The NTG factor for the Purchase Year should be applied.
For example, for a 2 x 14W pin based CFL fixture (43W EISA qualified incandescent/halogen) purchased in 2014.

AKWH 15t year instas = ((86 - 28) / 1000) * 0.875 * 2475

=125.6 kWh
AKWH 04 year installs = ((86 - 28) / 1000) * 0.057 * 2475

=8.2 kWh
Note: Here we assume no change in hours assumption. NTG value from Purchase year applied.
AKWH3rg year instas = ((86 - 28) / 1000) * 0.048 * 2475

=6.9 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = ((WattsBase - WattsEE) / 1 000) * ISR * CF
Where:
CF = Summer Peak Coincidence Factor for measure.
=27.3%"%

Other factors as defined above

For example, a 2 x 14W pin-based CFL fixture is purchased in 2013:
AKW 15t year =((86 - 28) /1000) * 0.875 * 0.273
=0.0142 kW

Second and third year install savings should be calculated using the appropriate ISR and the delta watts and
hours from the install year.

NATURAL GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

1340 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.
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DEEMED O&M CoST ADJUSTMENT CALCULATION
Bulb replacement costs assumed in the O&M calculations are provided below™*.

EISA Compliant
Halogen

Std Inc.

2014 $0.34 $1.25
2015 $0.34 $0.90
2016 $0.34 $0.80
2017 $0.34 $0.70
2018 $0.34 $0.60
2019 $0.34 $0.60
2020 & after $0.34 N/A

In order to account for the falling EISA Qualified bulb replacement cost provided above, an equivalent annual
levelized baseline replacement cost over the lifetime of the CFL bulb is calculated. Note that the measure life for
these measures is capped to the number of years remaining until 2020 and that the efficient case also assumes
replacement cost only if the first replacement occurs before the end of the measure life. The delta O&M cost
should be used in cost effectiveness screening

The NPV for replacement lamps and annual levelized replacement costs using the statewide real discount rate of
5.23% are presented below:

Lumen Level NPV of replacement costs for period Levelized annual replacement cost savings

June 2015-  June 2016 - June 2017 - June 2015 - June 2016 - June 2017 -
May 2016 May 2017 May 2018 May 2016 May 2017 May 2018

Lumens <310 or 2600 | ¢ 5, $2.64 $1.96 $0.65 $0.61 $0.56
(non-EISA compliant)

Lumens > 310 and <

2600 (EISA compliant) $6.90 $5.17 $3.60 $1.37 $1.20 $1.02

S0 - No replacement bulb
within measure life

S0 - No replacement bulb

Efficient bulb CFL $0.06 . )
within measure life

$0.01

. 1342 .
For halogen bulbs, we assume the same replacement cycle as incandescent bulbs. The replacement cycle is

based on the location of the lamp and varies based on the hours of use for that location. Both incandescent and
halogen lamps are assumed to last for 1,000 hours before needing replacement, CFLs in Residential and in-unit
multifamily assume 8000 hours and multifamily common areas assume 10,000 (longer run hours and less switching

134 Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input and provided to

Ameren.
13%2 The manufacturers of the new minimally compliant EISA Halogens are using regular incandescent lamps with halogen fill gas
rather than halogen infrared to meet the standard and so the component rated life is equal to the standard incandescent.
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leads to longer lamp life).

MEASURE CODE: RS-LTG-EFIX-V04-150601
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5.5.5 Interior Hardwired Compact Fluorescent Lamp (CFL) Fixture

DESCRIPTION

An ENERGY STAR lighting fixture wired for exclusive use with pin-based compact fluorescent lamps is installed in an
interior residential setting. This measure could relate to either a fixture replacement or new installation (i.e. time
of sale).

Federal legislation stemming from the Energy Independence and Security Act of 2007 required all general-purpose
light bulbs between 40 and 100W to be approximately 30% more energy efficient than current incandescent bulbs.
Production of 100W, standard efficacy incandescent lamps ends in 2012, followed by restrictions on 75W in 2013
and 60W and 40W in 2014. The baseline for this measure has therefore become bulbs (improved incandescent or
halogen) that meet the new standard.

A provision in the EISA regulations requires that by January 1, 2020, all lamps meet efficiency criteria of at least 45
lumens per watt, in essence making the baseline equivalent to a current day CFL. Therefore the measure life
(number of years that savings should be claimed) should be reduced once the assumed lifetime of the bulb
exceeds 2020. Due to expected delay in clearing retail inventory and to account for the operating life of a halogen
incandescent potentially spanning over 2020, this shift is assumed not to occur until mid-2020.

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 condition is an ENERGY STAR lighting interior fixture for pin-based compact fluorescent lamps.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is a standard EISA qualified incandescent or halogen interior fixture as provided in the table
provided in the Electric Energy Savings section.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected life of an interior fixture is 20 year51343. However due to the backstop provision in the Energy
Independence and Security Act of 2007 that requires by January 1, 2020, all lamps meet efficiency criteria of at
least 45 lumens per watt, the baseline replacement would become equivalent to a CFL in that year. The expected
measure life for CFL fixtures installed June 2012 — May 2013 is therefore assumed to be 8 years. For bulbs installed
June 2013 — May 2014, this would be reduced to 7 years and should be reduced each year1344.

DEEMED MEASURE COST

The incremental cost for an interior fixture is assumed to be $321345.

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

(http://www.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf ) gives 20 years for an interior fluorescent

fixture.
1344 Due to expected delay in clearing stock from retail outlets and to account for the operating life of a halogen incandescent potentially spanning over 2020, this shift is assumed not to

occur until mid-2020.

1345 ENERGY STAR Qualified Lighting Savings Calculator default incremental cost input for interior fixture

(http://www.energystar.gov/buildings/sites/default/uploads/files/light_fixture_ceiling_fan_calculator.xlsx?4349-303e=&b6b3-
3efd&b6b3-3efd)
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LOADSHAPE

Loadshape RO6 - Residential Indoor Lighting

COINCIDENCE FACTOR

1346

The summer peak coincidence factor is assumed to be 7.1% for Residential and in-unit Multi Family bulbs.

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh = ((WattsBase - WattsEE) / 1000) * ISR * (1-Leakage) * Hours * WHFe
Where:
WattsBase = Based on lumens of CFL bulb and program year purchased:
Incandescent
Equivalent
Minimum Lumens Maximum Lumens Post-EISA 2007
(Wattsgp,se)
5280 300
3000 5279 200
2601 2999 150
1490 2600 72
1050 1489 53
750 1049 43
310 749 29
250 309 25
WattsEE = Actual wattage of CFL purchased
ISR = In Service Rate or the percentage of units rebated that get installed.

13% Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.
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Weighted
Average 1st

Final
2nd year 3rd year Lifetime In
Installations Installations Service
Rate

Program year In
Service Rate
(ISR)

Retail (Time of Sale) 87.5%4

Direct Install 96.91%4°

Leakage = Adjustment to account for the percentage of bulbs purchased that move out (and in if
deemed appropriate) of the Utility Jurisdiction.
Upstream (TOS) Lighting programs = Determined through evaluation®®.
All other programs =0

Hours = Average hours of use per year

Installation Location

Residential and in-unit Multi Family 759 %1

WHFe = Waste heat factor for energy to account for cooling energy savings from efficient
lighting

Bulb Location

Interior single family or unknown location 1.06 %

1347 15t year in service rate is based upon review of PY2-3 evaluations from ComEd (see ‘IL RES Lighting ISR.xls’ for more

information. The average first year ISR was calculated weighted by the number of bulbs in the each year’s survey.

3% The 98% Lifetime ISR assumption is consistent with the assumption for standard CFLs (in the absence of evidence that it
should be different for this bulb type) based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.’ This
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2nd and 3rd
year installations should be counted as part of those future program year savings.

3% 1 the absence of evaluation results for Direct Install Fixtures specifically, this is made consistent with the Direct Install CFL
measure which is based upon review of the PY2 and PY3 ComEd Direct Install program surveys.

1330 Using a leakage estimate from the current program year evaluation, from past evaluation results, or a rolling average of
leakage estimates from previous years.

1351 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.

1332 The value is estimated at 1.06 (calculated as 1 + (0.66*(0.27 / 2.8)). Based on cooling loads decreasing by 27% of the
lighting savings (average result from REMRate modeling of several different configurations and IL locations of homes), assuming
typical cooling system operating efficiency of 2.8 COP (starting from standard assumption of SEER 10.5 central AC unit,
converted to 9.5 EER using algorithm (-0.02 * SEER2) + (1.12 * SEER) (from Wassmer, M. (2003). A Component-Based Model for
Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder), converted
to COP = EER/3.412 = 2.8COP) and 66% of homes in lllinois having central cooling ("Table HC7.9 Air Conditioning in Homes in
Midwest Region, Divisions, and States, 2009 from Energy Information Administration", 2009 Residential Energy Consumption
Survey;
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Bulb Location

Multi family in unit 1.04 %3

DEFERRED INSTALLS

As presented above, the characterization assumes that a percentage of bulbs purchased are not installed until Year
2 and Year 3 (see ISR assumption above). The lllinois Technical Advisory Committee has determined the following
methodology for calculating the savings of these future installs.

Year 1 (Purchase Year) installs: Characterized using assumptions provided above or evaluated
assumptions if available.

Year 2 and 3 installs: Characterized using delta watts assumption and hours of use from the
Install Year i.e. the actual deemed (or evaluated if available)
assumptions active in Year 2 and 3 should be applied.

The NTG factor for the Purchase Year should be applied.
For example, for a 2 x 14W pin based CFL fixture (43W EISA qualified incandescent/halogen) purchased in 2013.

OAKWH gt year instanis = ((86 - 28) / 1000) * 0.875 * 759 * 1.06

=40.8 kWh
AKWH 04 year instalis = ((86 - 28) / 1000) * 0.057 * 759 * 1.06

=2.7 kWh
Note: Here we assume no change in hours assumption. NTG value from Purchase year applied.
AKWH3g year instans = ((86 - 28) / 1000) * 0.048 * 759 * 1.06

=2.2 kWh

HEATING PENALTY

If electric heated building:
AKWA'®* = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF) / nHeat
Where:
HF = Heating Factor or percentage of light savings that must be heated

1355

=49% for interior or unknown location

= 0% for unheated location

http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xIs)
1353 As above but using estimate of 45% of multi family buildings in lllinois having central cooling (based on data from “Table
HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty
pe.xls

1334 Negative value because this is an increase in heating consumption due to the efficient lighting.

This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate
modeling of several different configurations and IL locations of homes.

1355
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nHeat = Efficiency in COP of Heating equipment
1356,

= actual. If not available use

. HSPF nHeat
System Type | Age of Equipment .
Estimate (COP Estimate)
Heat Pump Before 2006 6.8 2.00
2006 -2014 7.7 2.26
2015 on 8.2 2.40
Resistance N/A N/A 1.00

For example, a 2 x 14W pin-based CFL fixture is purchased in 2013 and installed in home with 2.0 COP Heat
Pump:

AkWh gt year =-(((86 —28) /1000) * 0.875 * 759 * 0.49) / 2.0
=-9.4kWh

Second and third year install savings should be calculated using the appropriate ISR and the delta watts and
hours from the install year.

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = ((WattsBase - WattsEE) / 1 000) * ISR * WHFd * CF
Where:
WHFd = Waste heat factor for demand to account for cooling savings from efficient lighting.
Bulb Location WHFd
Interior single family or unknown location 1.11
Multi family in unit 1.07%°
Exterior or uncooled location 1.0

1358 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for

Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.

1337 The value is estimated at 1.11 (calculated as 1 + (0.66 * 0.466 / 2.8)). See footnote relating to WHFe for details. Note the
46.6% factor represents the average Residential cooling coincidence factor calculated by dividing average load during the peak
hours divided by the maximum cooling load.

1358 As above but using estimate of 45% of multi family buildings in Illinois having central cooling (based on data from “Table
HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty
pe.xls .
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CF = Summer Peak Coincidence Factor for measure.
Bulb Location CF%®

Interior single family or unknown location 7.1%

Multi family in unit 7.1%

Other factors as defined above

For example, a 14W pin-based CFL fixture is purchased in 2013:
AKW 16t year = ((86-28)/1000) * 0.875 * 1.11 * 0.071
=0.004 kW

Second and third year install savings should be calculated using the appropriate ISR and the delta watts and
hours from the install year.

NATURAL GAS SAVINGS

ATherms®®®° = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF * 0.03412) / nHeat
Where:

HF = Heating Factor or percentage of light savings that must be heated
= 49%"* for interior or unknown location
= 0% for unheated location

0.03412 =Converts kWh to Therms

nHeat = Efficiency of heating system
-7091362

1359 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.

Negative value because this is an increase in heating consumption due to the efficient lighting.

This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate
modeling of several different configurations and IL locations of homes.

1382 This has been estimated assuming that natural gas central furnace heating is typical for lllinois residences (66% of Illinois
homes have a Natural Gas Furnace (based on Energy Information Administration, 2009 Residential Energy Consumption Survey:
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls))
In 2000, 24% of furnaces purchased in Illinois were condensing (based on data from GAMA, provided to Department of Energy
during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.
Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system
efficiency is estimated as follows:

(0.24*0.92) + (0.76*0.8) * (1-0.15) = 0.70

1360
1361
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For example, a 2 x 14W pin-based CFL fixture is purchased in 2013 and installed in home with gas heat at 70%
efficiency:

AThermsigyesr = -((86 - 28) /1000) * 0.875 * 759 * 0.49 * 0.03412) / 0.7
=-0.9 Therms

Second and third year install savings should be calculated using the appropriate ISR and the delta watts and
hours from the install year.

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

Bulb replacement costs assumed in the O&M calculations are provided below %,

std Inc. EISA Compliant

Halogen
2014 $0.34 $1.25
2015 $0.34 $0.90
2016 $0.34 $0.80
2017 $0.34 $0.70
2018 $0.34 $0.60
2019 $0.34 $0.60
2020 & after $0.34 N/A

In order to account for the falling EISA Qualified bulb replacement cost provided above, an equivalent annual
levelized baseline replacement cost over the lifetime of the CFL bulb is calculated. Note that the measure life for
these measures is capped to the number of years remaining until 2020 and that the efficient case also assumes
replacement cost only if the first replacement occurs before the end of the measure life. The delta O&M cost
should be used in cost effectiveness screening

The NPV for replacement lamps and annual levelized replacement costs using the statewide real discount rate of
5.23% are presented below:

1363 Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input and provided to

Ameren.
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Location Lumen Level NPV of replacement costs for period Levelized annual replacement cost savings

June 2015 - June 2016 - June 2017 - June 2015 - June 2016 - June 2017 -
May 2016 May 2017 May 2018 May 2016 May 2017 May 2018

Lumens <310 or

>2600 (non-EISA $0.86 $0.66 $0.45 $0.17 $0.15 $0.13
Residential | compliant)
antimlzl-;nlt Lumens > 310 and
Famil < 2600 (EISA $1.73 $1.24 $0.80 $0.34 $0.29 $0.23
y compliant)

Efficient bulb CFL SO - No replacement bulb within measure life | SO - No replacement bulb within measure life

. 1364 .
For halogen bulbs, we assume the same replacement cycle as incandescent bulbs. The replacement cycle is

based on the location of the lamp and varies based on the hours of use for that location. Both incandescent and
halogen lamps are assumed to last for 1,000 hours before needing replacement, CFLs in Residential and in-unit
multi family assume 8000 hours

MEASURE CODE: RS-LTG-IFIX-V04-150601

1384 The manufacturers of the new minimally compliant EISA Halogens are using regular incandescent lamps with halogen fill gas

rather than halogen infrared to meet the standard and so the component rated life is equal to the standard incandescent.
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5.5.6 LED Downlights

DESCRIPTION

This measure describes savings from a variety of LED downlight lamp types. This characterization assumes that the
LED lamp or fixture is installed in a residential location. Where the implementation strategy does not allow for the
installation location to be known (e.g. an upstream retail program) evaluation data could be used to determine an
appropriate residential v commercial split. If this is not available, it is recommended to use this residential
characterization for all installs in unknown locations to be appropriately conservative in savings assumptions.

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 installed equipment must be an ENERGY STAR LED lamp or fixture.

DEFINITION OF BASELINE EQUIPMENT
The baseline condition is assumed to be an incandescent/halogen lamp for all lamp types.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is given in the following table.*®

Bulb Type Measure Life (yr)

PAR20, PAR30, PAR38 screw-in lamps 10
MR16/PAR16 pin-based lamps 10
Recessed downlight luminaries 15
Track lights 15

DEEMED MEASURE COST

The price of LED lamps is falling quickly. Where possible the actual cost should be used and compared to the
baseline cost provided below. If the incremental cost is unknown, assume the foIIowing1366:

Bulb Type Baseline LED Cost Incremental

Cost Cost

PAR20, PAR30, PAR38 screw-in lamps $4.00 $44.00 $40.00

MR16/PAR16 pin-based lamps $3.00 $28.00 $25.00

138 | imited by persistence. NEEP EMV Emerging Technologies Research Report (December 2011)

1368 Costs are provided as the best estimate from VEIC and are based on review of available product and of price reports
provided to Efficiency Vermont by a number of manufacturers and retailers.
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Bulb Type Baseline LED Cost Incremental
Cost Cost
Recessed downlight luminaries $4.00 $94.00 $90.00
Track lights $4.00 $60.00 $56.00

LOADSHAPE

Loadshape R06 - Residential Indoor Lighting

Loadshape RO7 - Residential Outdoor Lighting

COINCIDENCE FACTOR

The summer Peak Coincidence Factor is assumed to be 9.1% for Residential and in-unit Multi Family bulbs, 27.3%

for bulbs installed in Exterior locations, and 9.4% for bulbs installed in unknown locations™¢’.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
AkWh = ((WattsBase - WattsEE) / 1000) * ISR * (1-Leakage) * Hours * WHFe
Where:
Wattspase = Input wattage of the existing or baseline system. Reference the table below for
default values.

Wattsge = Actual wattage of LED purchased / installed. If unknown, use default provided below:

- ENERGY STAR Minimum Luminous Efficacy = 40Lm/W for lamps with rated wattages less than
20Wand 50 Lm/W for lamps with rated wattages >= 20 watts™>®,

For Directional R, BR, and ER lamp types™>**:

Lumens used

tower Upper to calculate LED
Bulb Type Lumen Lumen | Wattsg, Wattage
Range Range LED Wattage (Wattsg)
g . (midpoint) =€
R, ER, BR with 420 472 40 446 11 29
medium screw 473 524 45 499 12 33
bases w/ 525 714 50 620 15 35

1367
1368

Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.
From pg 10 of the Energy Star Specification for lamps v1.1
B389 £rom pg 11 of the Energy Star Specification for lamps v1.1
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Lumens used

L Upper to calculate LED Delta
Bulb Type Lumen Lumen | Wattsg,, Wattage
Range Range LED Wattage (Watts.) Watts
& & (midpoint) £E
diameter >2.25" 715 937 65 826 21 44
* .
(*see exceptions | g30 1259 75 1099 2 53
below)
1260 1399 90 1330 27 63
1400 1739 100 1570 31 69
1740 2174 120 1957 39 81
2175 2624 150 2400 48 102
2625 2999 175 2812 56 119
3000 4500 200 3750 75 125
*R, BR, and ER 400 449 40 425 11 29
with medium 450 499 45 475 12 33
screw bases w/
diameter 500 649 50 575 14 36
<=2.25" 650 1199 65 925 23 42
400 449 40 425 11 29
*ER30, BR30,
BR40, or ER40 450 499 45 475 12 33
500 649 50 575 14 36
*BR30, BR40, or
ER40 650 1419 65 1035 21 44
400 449 40 425 11 29
*R20
450 719 45 585 15 30
*All reflector 200 299 20 250 6 14
lamps below
lumen ranges
300 399 30 350 9 21

specified above

Directional lamps are exempt from EISA regulations.

For PAR, MR, and MRX Lamps Types:

For these highly focused directional lamp types, it is necessary to have Center Beam Candle Power (CBCP)
and beam angle measurements to accurately estimate the equivalent baseline wattage. The formula
below is based on the Energy Star Center Beam Candle Power tool.”*® If CBCP and beam angle
information are not available, refer to the R, BR, and ER lumen based method above.

Wattsbase =

375.1 — 4.355(D) — /227,800 — 937.9(D) — 0.9903(D?) — 1479(BA) — 12.02(D * BA) + 14.69(BA%) — 16,720 * In(CBCP)
Where:

1370 http://energystar.supportportal.com/link/portal/23002/23018/Article/32655/
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D = Bulb diameter (e.g. for PAR20 D = 20)
BA = Beam angle
CBCP = Center beam candle power

The result of the equation above should be rounded DOWN to the nearest wattage established by Energy Star:

Diameter Permitted Wattages

16 20, 35, 40, 45, 50, 60, 75
20 50
30S 40, 45, 50, 60, 75
30L 50, 75
38 40, 45, 50, 55, 60, 65, 75, 85, 90, 100, 120, 150, 250
ISR = In Service Rate or the percentage of units rebated that get installed 1871
Bulb Type ISR
PAR20, PAR30, PAR38 screw-in lamps | 0.95
MR16/PAR16 pin-based lamps 0.95
Recessed downlight luminaries 1.0
Track lights 1.0
Leakage = Adjustment to account for the percentage of bulbs purchased that move out (and in if

deemed appropriate) of the Utility Jurisdiction.
Upstream (TOS) Lighting programs = Determined through evaluation™"%
All other programs =0

Hours = Average hours of use per year

Installation Location

Residential and in-unit Multi Family 861

1371 NEEP EMV Emerging Technologies Research Report (December 2011)

Using a leakage estimate from the current program year evaluation, from past evaluation results, or a rolling average of
leakage estimates from previous years.
1373 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluations.

1372
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JEYE]

Installation Location Hours
Unknown location 891
Exterior 2475
WHFe = Waste heat factor for energy to account for cooling savings from efficient
lighting
Bulb Location ‘ WHFe
Interior single family or unknown location 1.06 @
Multi family in unit 1.04 °”
Exterior or uncooled location 1.0

For example, a 13W PAR20 LED is installed in place of a 750 lumen PAR20 incandescent screw-in lamp with
medium screw base, diameter >2.5", installed in single family interior location:

AKWh = ((45 - 13) / 1000) * 0.95 * 861 * 1.06
=27.7 kWh

HEATING PENALTY
If electric heated home (if heating fuel is unknown assume gas, see Natural Gas section):

1376

AkWh = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF) / nHeat

Where:

HF = Heating Factor or percentage of light savings that must be heated

1377

=49% for interior or unknown location

374 The value is estimated at 1.06 (calculated as 1 + (0.66*(0.27 / 2.8)). Based on cooling loads decreasing by 27% of the

lighting savings (average result from REMRate modeling of several different configurations and IL locations of homes), assuming
typical cooling system operating efficiency of 2.8 COP (starting from standard assumption of SEER 10.5 central AC unit,
converted to 9.5 EER using algorithm (-0.02 * SEER2) + (1.12 * SEER) (from Wassmer, M. (2003). A Component-Based Model for
Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder), converted
to COP = EER/3.412 = 2.8COP) and 66% of homes in lllinois having central cooling ("Table HC7.9 Air Conditioning in Homes in
Midwest Region, Divisions, and States, 2009 from Energy Information Administration", 2009 Residential Energy Consumption
Survey;
http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xIs)
1375 As above but using estimate of 45% of multi family buildings in Illinois having central cooling (based on data from “Table
HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty

pe.xls
1376 Negative value because this is an increase in heating consumption due to the efficient lighting.

Page 724 of 801


http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/Waste_Water_Heat_Recovery_Guidelines.pdf
http://205.254.135.7/consumption/residential/data/2009/
http://205.254.135.7/consumption/residential/data/2009/

Illinois Statewide Technical Reference Manual - 5.5.6 LED Downlights

= 0% for exterior location

nHeat = Efficiency in COP of Heating equipment

1378

= Actual. If not available use:

System Type Age of Equipment Esl:i?rl::te n:s :?r:\i(t:gp
Heat Pump Before 2006 6.8 2.00

After 2006 - 2014 | 7.7 2.26

2015 on 8.2 2.40
Resistance N/A N/A 1.00

For example, a 13W PAR20 LED is installed in place of a 750 lumen PAR20 incandescent screw-in lamp with
medium screw base, diameter >2.5" installed in single family interior location:

AkWh  =-((45-13)/1000) * 0.95 * 861 * 0.49) / 2.26
=-5.67 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW = ((WattsBase - WattsEE) / 1000) * ISR * WHFd * CF

Where:

WHFd = Waste heat factor for demand to account for cooling savings from efficient lighting.

Bulb Location

Interior single family or unknown location 1.11"

Multi family in unit 1.07

77 This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate

modeling of several different configurations and IL locations of homes.

1378 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.

1378 The value is estimated at 1.11 (calculated as 1 + (0.66 * 0.466 / 2.8)). See footnote relating to WHFe for details. Note the
46.6% factor represents the average Residential cooling coincidence factor calculated by dividing average load during the peak
hours divided by the maximum cooling load.

380 As above but using estimate of 45% of multi family buildings in lllinois having central cooling (based on data from “Table
HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty
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Bulb Location

Exterior or uncooled location 1.0
CF = Summer Peak Coincidence Factor for measure, see above for values.
Bulb Location CFH38!
Interior single family or Multi-family in unit 9.1%
Unknown Location 9.4%
Exterior Locations 27.3%

Other factors as defined above

For example, a 13W PAR20 LED is installed in place of a 750 lumen PAR20 incandescent screw-in lamp with
medium screw base, diameter >2.5", installed in single family interior location:

AkW =((45-13)/1000) * 0.95 * 1.11* 0.091
=0.0031 kW

NATURAL GAS SAVINGS

Heating penalty if Natural Gas heated home, or if heating fuel is unknown.

Atherms = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF * 0.03412) / nHeat
Where:
HF = Heating factor, or percentage of lighting savings that must be replaced by heating
system.
= 49% “**? for interior or unknown location
= 0% for exterior location
0.03412 = Converts kWh to Therms
nHeat = Average heating system efficiency.
-0.70 1383
pe.xls.

1381 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.

Average result from REMRate modeling of several different configurations and IL locations of homes

This has been estimated assuming that natural gas central furnace heating is typical for Illinois residences (66% of lllinois
homes have a Natural Gas Furnace (based on Energy Information Administration, 2009 Residential Energy Consumption Survey:
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls))

In 2000, 24% of furnaces purchased in Illinois were condensing (based on data from GAMA, provided to Department of Energy
during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.

1382
1383
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Other factors as defined above

For example, a 13W PAR20 LED is installed in place of a 750 lumen PAR20 incandescent screw-in lamp with
medium screw base, diameter >2.5", installed in single family interior location with gas heating at 70% total
efficiency:

Atherms =-(((45-13)/1000) * 0.95 * 861 * 0.49* 0.03412) / 0.70
=-0.63 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

The life of the baseline bulb and the cost of its replacement is presented in the following table:

Baseline Life
Baseline Lam : ; ; sesallil
Lamp Type . P~ (single Familyandin  Replacement
Life (hours)  ypjt Multifamily - 1010 Cost
hours)
PAR20, PAR30, PAR38 screw-in lamps 2000 2.0 $4.00
MR16/PAR16 pin-based lamps 2000 2.0 $3.00
Recessed downlight luminaries 2000 2.0 $4.00
Track lights 2000 2.0 $4.00

MEASURE CODE: RS-LTG-LEDD-V04-150601

Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system
efficiency is estimated as follows:
(0.24*0.92) + (0.76*0.8) * (1-0.15) = 0.70
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5.5.7 LED Exit Signs

DESCRIPTION

This measure characterizes the savings associated with installing a Light Emitting Diode (LED) exit sign in place of a
fluorescent or incandescent exit sign in a MultiFamily building. Light Emitting Diode exit signs have a string of very
small, typically red or green, glowing LEDs arranged in a circle or oval. The LEDs may also be arranged in a line on
the side, top or bottom of the exit sign. LED exit signs provide the best balance of safety, low maintenance, and
very low energy usage compared to other exit sign technologies.

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

The efficient equipment is assumed to be an exit sign illuminated by LEDs.

DEFINITION OF BASELINE EQUIPMENT

The baseline equipment is assumed to be a fluorescent or incandescent model.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The measure life is assumed to be 16 year51384.

DEEMED MEASURE COST

The incremental cost for this measure is assumed to be $301385.

LOADSHAPE

Loadshape C53 - Flat

COINCIDENCE FACTOR

The summer peak coincidence factor for this measure is assumed to be 100%"%.

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = ((WattsBase - WattsEE) / 1000) * HOURS * WHF,
Where:

1384 7008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Effective/Remaining Useful Life Values”,

California Public Utilities Commission, December 16, 2008.
138 NYSERDA Deemed Savings Database, Labor cost assumes 25 minutes @ $18/hr.
1386 Assuming continuous operation of an LED exit sign, the Summer Peak Coincidence Factor is assumed to equal 1.0.
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WattsBase = Actual wattage if known, if unknown assume the following:
Incandescent 35w
Fluorescent 11w
Unknown (e.g. time of sale) 11w
WattsEE = Actual wattage if known, if unknown assume 2w
HOURS = Annual operating hours
= 8766
WHF, = Waste heat factor for energy; accounts for cooling savings from efficient lighting.
= 1.04"% for multi family buildings

Default if replacing incandescent fixture
AKWH =(35-2)/1000 * 8766 * 1.04
=301 kWh
Default if replacing fluorescent fixture
AKWH =(11-2)/1000 * 8766 * 1.04
=82 kWh

HEATING PENALTY

If electric heated building (if heating fuel is unknown assume gas, see Natural Gas section):
AKWh™?" = - (((WattsBase - WattsEE) / 1000) * Hours * HF) / nHeat
Where:

1387
1388

Based on review of available product.

Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, February,
19, 2010

1389 Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost Assumptions, February,
19, 2010

13%0 The value is estimated at 1.04 (calculated as 1 +(0.45*(0.27 / 2.8)). Based on cooling loads decreasing by 27% of the
lighting savings (average result from REMRate modeling of several different configurations and IL locations of homes), assuming
typical cooling system operating efficiency of 3.1 COP (starting from standard assumption of SEER 10.5 central AC unit,
converted to 9.5 EER using algorithm (-0.02 * SEER2) + (1.12 * SEER) (from Wassmer, M. (2003). A Component-Based Model for
Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder), converted
to COP = EER/3.412 = 2.8COP) and estimate of 45% of multi family buildings in lllinois having central cooling (based on data
from “Table HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty
pe.xls

1391 Negative value because this is an increase in heating consumption due to the efficient lighting.
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HF = Heating Factor or percentage of light savings that must be heated
- 49%1392
nHeat = Efficiency in COP of Heating equipment

1393

= Actual. If not available use:

System Type | Age of Equipment HSPF nHeat (COP
Estimate Estimate)
After 2006 7.7 2.26
Resistance N/A N/A 1.00

For example, a 2.0COP Heat Pump heated building:
If incandescent fixture: ~ AkWH =-((35-2)/1000 * 8766 * 0.49) / 2
=-71 kWh
If fluorescent fixture AKWH =-((11-2)/1000 * 8766 * 0.49) / 2
=-19 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = ((WattsBase - WattsEE) / 1000) * WHF4 * CF

Where:
WHFy4 = Waste heat factor for demand to account for cooling savings from efficient lighting.
The cooling savings are only added to the summer peak savings.
=1.07"* for multi family buildings
CF = Summer Peak Coincidence Factor for measure
=1.0

Default if incandescent fixture
AkW =(35-2)/1000 * 1.07 * 1.0
=0.035 kW

3% This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate

modeling of several different configurations and IL locations of homes.

3% These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.

13%% The value is estimated at 1.11 (calculated as 1 +(0.45 * 0.466 / 2.8)). See footnote relating to WHFe for details. Note the
46.6% factor represents the average Residential cooling coincidence factor calculated by dividing average load during the peak
hours divided by the maximum cooling load.
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Default if fluorescent fixture
AkW =(11-2)/1000 * 1.07 * 1.0
=0.0096 kW
NATURAL GAS SAVINGS

Heating penalty if Natural Gas heated building, or if heating fuel is unknown.

Atherms = - (((WattsBase - WattsEE) / 1000) * Hours * HF * 0.03412) / nHeat
Where:

HF = Heating factor, or percentage of lighting savings that must be replaced by heating
system.
= 49% 1395

0.03412 = Converts kWh to Therms

nHeat = Average heating system efficiency.
— O 70 1396

Other factors as defined above
Default if incandescent fixture
Atherms =-(((35-2)/1000) * 8766 * 0.49* 0.03412) / 0.70
=-6.9 therms
Default if fluorescent fixture
Atherms =-(((11-2)/1000) * 8766 * 0.49* 0.03412) / 0.70

=-1.9 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

1395
1396

Average result from REMRate modeling of several different configurations and IL locations of homes

This has been estimated assuming that natural gas central furnace heating is typical for Illinois residences (66% of lllinois
homes have a Natural Gas Furnace (based on Energy Information Administration, 2009 Residential Energy Consumption Survey:
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls))

In 2000, 24% of furnaces purchased in Illinois were condensing (based on data from GAMA, provided to Department of Energy
during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.
Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system
efficiency is estimated as follows:

(0.24*0.92) + (0.76*0.8) * (1-0.15) = 0.70
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DEEMED O&M COST ADJUSTMENT CALCULATION

The annual O&M Cost Adjustment savings should be calculated using the following component costs and lifetimes.

‘ Baseline Measures

Component | Cost Life (yrs)

1397 1398

Lamp $7.00 1.37 years

MEASURE CODE: RS-LTG-LEDE-V01-120601

1397 Consistent with assumption for a Standard CFL bulb with an estimated labor cost of $4.50 (assuming $18/hour and a task

time of 15 minutes).
13%8 Assumes a lamp life of 12,000 hours and 8766 run hours 12000/8766 = 1.37 years.
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5.5.8 LED Screw Based Omnidirectional Bulbs

DESCRIPTION

This characterization provides savings assumptions for LED Screw Based Omnidirectional (e.g. A-Type lamps) lamps
within the residential and multifamily sectors. This characterization assumes that the LED lamp or fixture is
installed in a residential location. Where the implementation strategy does not allow for the installation location to
be known (e.g. an upstream retail program) evaluation data could be used to determine an appropriate residential
v commercial split. If this is not available, it is recommended to use this residential characterization for all installs
in unknown locations to be appropriately conservative in savings assumptions.

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

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

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, new lamps must be Energy Star labeled.

DEFINITION OF BASELINE EQUIPMENT

In 2012, Federal legislation stemming from the Energy Independence and Security Act of 2007 (EIAS) will require all
general-purpose light bulbs between 40 watts and 100 watts to have ~30% increased efficiency, essentially phasing
out standard incandescent technology. In 2012, the 100 w lamp standards apply; in 2013 the 75 w lamp standards
will apply, followed by restrictions on the 60 w and 40 w lamps in 2014. Since measures installed under this TRM
all occur after 2014, baseline equipment are the values after EISA. These are shown in the baseline table below.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

13.7 years (exterior) to 26 years (residential home), however all installations are capped at 10 yearslsgg.

DEEMED MEASURE COST

Wherever possible, actual incremental costs should be used. Refer to reference table “Residential LED component
Cost & Lifetime” for defaults.

LOADSHAPE

Loadshape R06 — Residential Indoor Lighting

Loadshape RO7 — Residential Outdoor Lighting

COINCIDENCE FACTOR

The summer peak coincidence factor is assumed to be 7.1% for Residential and in-unit Multi Family bulbs, 27.3%
for exterior bulbs and 8.1% for unknown**®

3% Based on recommendation in the Dunsky Energy Consulting, Livingston Energy Innovations and Opinion Dynamics

Corporation; NEEP Emerging Technology Research Report: https://www.neep.org/Assets/uploads/files/emv/emv-
products/NEEP_EMV_EmergingTechResearch Report Final.pdf, p 6-18.
1900 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.
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Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = ((Wattsy,se-Wattsge)/1000) * ISR * (1-Leakage) * Hours *WHF,

Where:
Wattsp,se = Input wattage of the existing or baseline system. Reference the “LED New and
Baseline Assumptions” table for default values.
Wattsge = Actual wattage of LED purchased / installed. If unknown, use default provided below:

LED New and Baseline Assumptions Table

Lumens used to LED S A Baseline Post R
aseline elta Watts elta Watts
Minimum | Maximum calculate LED Wattage I Talere EISA 2020 e
- - os
Lumens Lumens Wattage 4408 requirement™*%?
(WattsBase) (WattsEE) (WattsEE)
(midpoint) (WattsEE) (WattsBase)
5280 6209 5745 104.4 300.0 195.6 300.0 195.6
3000 5279 4140 75.3 200.0 124.7 200.0 124.7
2601 2999 2800 50.9 150.0 99.1 150.0 99.1
1490 2600 2045 37.2 72.0 34.8 45.4 8.3
1050 1489 1270 23.1 53.0 29.9 28.2 5.1
750 1049 900 16.4 43.0 26.6 20.0 3.6
310 749 530 9.6 29.0 19.4 11.8 2.1
250 309 280 5.6 25.0 19.4 25.0 19.4
ISR = In Service Rate, the percentage of units rebated that are actually in service.

1991 Based on ENERGY STAR specs — minimum luminous efficacy for Omnidirectional Lamps. For LED lamp power <10W =

50Im/W and for LED lamp power >=10W = 55Im/W.
1492 calculated as 45Im/W for all EISA non-exempt bulbs.
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Weighted Final
Average ond - Lifetime

. . In
s Installations | Installations .
Service Service

Rate (ISR) Rate

Program

Retail (Time of Sale)

Direct Install
Efficiency | CFL Distribution™*”’
Kits'*%° 408
School Kits 61% 13% 11% 86%
Direct Mail Kits**” 66% 14% 12% 93%
Leakage = Adjustment to account for the percentage of bulbs purchased that move out (and in if

deemed appropriate) of the Utility Jurisdiction.
Upstream (TOS) Lighting programs = Determined through evaluation®*°.
All other programs =0

Hours = Average hours of use per year

1403 gt year in service rate is based upon analysis of ComEd PY7 intercept data.

The 98% Lifetime ISR assumption is based upon the standard CFL measure in the absence of any better reference. This value
is based upon review of two evaluations:

‘Nexus Market Research, RLW Analytics and GDS Associates study; “New England Residential Lighting Markdown Impact
Evaluation, January 20, 2009’ and ‘KEMA Inc, Feb 2010, Final Evaluation Report:, Upstream Lighting Program, Volume 1.’ This
implies that only 2% of bulbs purchased are never installed. The second and third year installations are based upon Ameren
analysis of the Californian KEMA study showing that 54% of future installs occur in year 2 and 46% in year 3. The 2" and 3"
year installations should be counted as part of those future program year savings.

1905 Based upon Standard CFL assumption in the absence of better data, and is based upon review of the PY2 and PY3 ComEd
Direct Install program surveys. This value includes bulb failures in the 1st year to be consistent with the Commission approval of
annualization of savings for first year savings claims. ComEd PY2 All Electric Single Family Home Energy Performance Tune-Up
Program Evaluation, Navigant Consulting, December 21, 2010.
http://www.icc.illinois.gov/downloads/public/edocket/287090.pdf.

1908 | Service Rates provided are for the bulb within a kit only. Given the significant differences in program design and the level
of education provided through Efficiency Kits programs, the evaluators should apply the ISR estimated through evaluations
(either past evaluations or the current program year evaluation) of the specific Efficiency Kits program. In cases where
program-specific evaluation results for an ISR are unavailable, the default ISR values for Efficiency Kits provide may be used.
1997 £ree bulbs provided without request, with little or no education. Consistent with Standard CFL assumptions.

1408 yits provided free to students through school, with education program. Consistent with Standard CFL assumptions.

Opt-in program to receive kits via mail, with little or no education. Consistent with Standard CFL assumptions.

Using a leakage estimate from the current program year evaluation, from past evaluation results, or a rolling average of
leakage estimates from previous years.

1404

1409
1410
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1411

Installation Location Hours
Residential and in-unit Multi Family 759
Exterior 2475
Unknown 847
WHFe = Waste heat factor for energy to account for cooling energy savings from

efficient lighting

Bulb Location WHFe
Interior single family or unknown location 1.06 ***
Multi family in unit 1.04 ¥
Exterior or uncooled location 1.0

Mid Life Baseline Adjustment

During the lifetime of a standard Omnidirectional LED, the baseline incandescent/halogen bulb would need to be
replaced multiple times. Since the baseline bulb changes over time (except for <300 and 2600+ lumen lamps) the
annual savings claim must be reduced within the life of the measure to account for this baseline shift.

For example, for 60W equivalent bulbs installed in 2014, the full savings (as calculated above in the Algorithm)
should be claimed for the first six years, but a reduced annual savings (calculated energy savings above multiplied
by the adjustment factor in the table below) claimed for the remainder of the measure life.

111 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluation.

The value is estimated at 1.06 (calculated as 1 + (0.66*(0.27 / 2.8)). Based on cooling loads decreasing by 27% of the
lighting savings (average result from REMRate modeling of several different configurations and IL locations of homes), assuming
typical cooling system operating efficiency of 2.8 COP (starting from standard assumption of SEER 10.5 central AC unit,
converted to 9.5 EER using algorithm (-0.02 * SEER2) + (1.12 * SEER) (from Wassmer, M. (2003). A Component-Based Model for
Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis, University of Colorado at Boulder), converted
to COP = EER/3.412 = 2.8COP) and 66% of homes in lllinois having central cooling ("Table HC7.9 Air Conditioning in Homes in
Midwest Region, Divisions, and States, 2009 from Energy Information Administration", 2009 Residential Energy Consumption
Survey;
http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xIs )
1413 As above but using estimate of 45% of multi family buildings in Illinois having central cooling (based on data from “Table
HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty
pe.xls

1412
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Mid Life
o . LED Delta Watts  Delta Watts .
Minimum  Maximum adjustment (made
Wattage 2014-2019 Post 2020
Lumens Lumens from June 2020) to
(WattsEE) (WattsEE) (WattsEE) ] .
first year savings
1490 2600 37.2 34.8 8.3 23.8%
1050 1489 23.1 29.9 5.1 17.1%
750 1049 16.4 26.6 3.6 13.5%
310 749 9.6 19.4 2.1 10.8%

For example, an 8W LED lamp, 450 lumens, is installed in the interior of a home in 2014. The customer
purchased the lamp through an upstream program:

AkWH  =((29-8 /1000) * 847 * 1.06 * 0.92
=17.3 kWh

This value should be claimed for six years, i.e. June 2014 — May 2020, but from May 2020 until the end of
the measure life for that same bulb, savings should be reduced to (17.3 * 0.108 =) 1.9 kWh for the
remainder of the measure life. Note these adjustments should be applied to kW and fuel impacts as well.

DEFERRED INSTALLS

As presented above, the characterization assumes that a percentage of bulbs purchased are not installed until Year
2 and Year 3 (see ISR assumption above). The lllinois Technical Advisory Committee has determined the following
methodology for calculating the savings of these future installs.

Characterized using assumptions provided above or evaluated
assumptions if available.

Year 1 (Purchase Year) installs:

Characterized using delta watts assumption and hours of use from the
Install Year i.e. the actual deemed (or evaluated if available)
assumptions active in Year 2 and 3 should be applied.

Year 2 and 3 installs:

The NTG factor for the Purchase Year should be applied.

Using the example from above, for an 8W LED, 450 Lumens purchased for the interior of a residential homes
through an upstream program in 2014.

DKWH: it year installs = ((29-8/1000)*847*1.06*0.92
=17.3kWh

AKWH2nd year installs = ((29-8/1000)*847*1.06*0.032

=0.6 kWh

Note: Here we assume no change in hours assumption. NTG value from Purchase year applied.
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HEATING PENALTY
If electric heated home (if heating fuel is unknown assume gas, see Natural Gas section):

1414

AkWh = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF) / nHeat
Where:
HF = Heating Factor or percentage of light savings that must be heated
= 49%™*" for interior or unknown location
= 0% for exterior or unheated location
nHeat = Efficiency in COP of Heating equipment

1416,

= actual. If not available use

: HSPF nHeat
System Type | Age of Equipment .
Estimate (COP Estimate)
Before 2006 6.8 2.00
Heat Pump After 2006 - 2014 7.7 2.26
2015 on 8.2 2.40
Resistance N/A N/A 1.00

Using the same 8 W LED that is installed in home with 2.0 COP Heat Pump (i.e., the heat pump was installed
prior to 2006):

AKWh gt year =-(((29-8) / 1000) * 0.92 * 759 * 0.49) / 2.0
=-3.6 kWh

Second and third year install savings should be calculated using the appropriate ISR and the delta watts and
hours from the install year. The appropriate baseline shift adjustment should then be applied to all installs.

1414
14

Negative value because this is an increase in heating consumption due to the efficient lighting.

> This means that heating loads increase by 49% of the lighting savings. This is based on the average result from REMRate
modeling of several different configurations and IL locations of homes.

1418 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.
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SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = ((WattsBase - WattsEE) / 1 000) * ISR * WHFd * CF

Where:
WHFd = Waste heat factor for demand to account for cooling savings from efficient lighting.
Bulb Location WHFd
Interior single family or unknown location 1.1
Multi family in unit 1.07™
Exterior or uncooled location 1.0
CF = Summer Peak Coincidence Factor for measure.
Bulb Location cF*?
Interior single family or unknown location or Multi family in unit 7.1%
Exterior 27.3%
Unknown 8.1%

Other factors as defined above

For the same 8 W LED that is installed in a single family interior location in 2014, the demand savings are:
AkW  =((29-8) /1000) * 0.92* 1.11 * 0.071
=0.0015 kW

Second and third year install savings should be calculated using the appropriate ISR and the delta watts
and hours from the install year. The appropriate baseline shift adjustment should then be applied to all
installs.

7 The value is estimated at 1.11 (calculated as 1 + (0.66 * 0.466 / 2.8)). See footnote relating to WHFe for details. Note the

46.6% factor represents the average Residential cooling coincidence factor calculated by dividing average load during the peak
hours divided by the maximum cooling load.

1418 a5 above but using estimate of 45% of multi family buildings in Illinois having central cooling (based on data from “Table
HC7.1 Air Conditioning in U.S. Homes, By Housing Unit Type, 2009” which is for the whole of the US, scaled to IL air
conditioning prevalence compared to US average);
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%20Unit%20Ty

pe.xls.
119 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluations.
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WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

Bulb replacement costs assumed in the O&M calculations are provided below %,

EISA Compliant

Std Inc. Halozen CFL LED-A
2014 $0.34 $1.25 $2.50 $13.81
2015 $0.34 $0.90 $2.50 $10.86
2016 $0.34 $0.80 $2.50 $8.60
2017 $0.34 $0.70 $2.50 $7.74
2018 $0.34 $0.60 $2.50 $6.96
2019 $0.34 $0.60 $2.50 $6.27
2020 & after $0.34 N/A $2.50 $5.64

In order to account for the shift in baseline due to the Energy Independence and Security Act of 2007, an
equivalent annual levelized baseline replacement cost over the lifetime of the LED bulb is calculated. The key
assumptions used in this calculation are documented below:

Omnidirectional e T e Measure Life in
Installation Location LED Measure 1421 P Years
year
Hours (capped at 10)
Residential and in-unit Multi Family 25,000 759 10
Exterior 25,000 2475 10
Unknown 25,000 847 10

The NPV for replacement lamps and annual levelized replacement costs using the statewide real discount rate of
5.23% are presented below:

1920 Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input and provided to

Ameren.
1921 Based on lighting logger study conducted as part of the PY5/6 ComEd Residential Lighting Program evaluations.
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Location Lumen Level NPV of replacement costs for period Levelized annual replacement cost

savings

June 2015- June 2016- June 2017 - June 2015- June2016- June 2017 -
May 2016 May 2017 May 2018 May 2016 May 2017 May 2018

Residential | Lumens <310 or >2600 $1.73 $1.73 $1.73 $0.23 $0.23 $0.23
and in-unit | (non-EISA compliant)
Multi
WM Lumens 2 310 and < | ¢, 5 $2.22 $1.97 $0.33 $0.29 $0.26
Family 2600 (EISA compliant)
Lumens <310 or >2600 $6.10 $6.10 $6.10 $0.80 $0.80 $0.80
(non-EISA compliant)
Exterior
Lumens 2 310 and <|  4q4g $8.35 $7.55 $1.24 $1.09 $0.99
2600 (EISA compliant)
Lumens <310 or >2600 $1.93 $1.93 $1.93 $0.25 $0.25 $0.25
(non-EISA compliant)
Unknown

Lumens 2> 310 and < $2.81 $2.47 $2.20 $0.37 $0.32 $0.29
2600 (EISA compliant)

Note incandescent lamps in lumen range <310 and >2600 are exempt from EISA. For halogen bulbs, we assume the
same replacement cycle as incandescent bulbs.**?? The replacement cycle is based on the location of the lamp and
varies based on the hours of use for that location. Both incandescent and halogen lamps are assumed to last for
1,000 hours before needing replacement.

MEASURE CODE: RS-LTG-LEDA-V03-150601

%22 The manufacturers of the new minimally compliant EISA Halogens are using regular incandescent lamps with halogen fill gas

rather than halogen infrared to meet the standard and so the component rated life is equal to the standard incandescent.

Page 741 of 801



Illinois Statewide Technical Reference Manual - 5.6.1 Air Sealing

5.6 Shell End Use
5.6.1 Air Sealing

DESCRIPTION

Thermal shell air leaks are sealed through strategic use and location of air-tight materials. Leaks are detected and
leakage rates measured with the assistance of a blower-door. The algorithm for this measure can be used when
the program implementation does not allow for more detailed forecasting through the use of residential modeling
software.

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

Air sealing materials and diagnostic testing should meet all eligibility program qualification criteria. The initial and
final tested leakage rates should be performed in such a manner that the identified reductions can be properly
discerned, particularly in situations wherein multiple building envelope measures may be implemented
simultaneously.

DEFINITION OF BASELINE EQUIPMENT

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

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 15 years.1423

DEEMED MEASURE COST

The actual capital cost for this measure should be used in screening.

LOADSHAPE

Loadshape RO8 - Residential Cooling
Loadshape R09 - Residential Electric Space Heat

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

1423 \easure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, 2007
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- 6gopl424
CFssp = Summer System Peak Coincidence Factor for Heat Pumps (during system peak hour)
= 72%% 1425
CFev = PJM Summer Peak Coincidence Factor for Central A/C (average during PJM peak period)
= 46.6% "%
Algorithm
CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = AkWh_cooling + AkWh_heating
Where:
AkWh_cooling = If central cooling, reduction in annual cooling requirement due to air sealing

= [(((CFM50_existing - CFM50_new)/N_cool) * 60 * 24 * CDD * DUA * 0.018) / (1000 *
nCool)] * LM

CFM50_existing = Infiltration at 50 Pascals as measured by blower door before air sealing.

= Actual
CFM50_new = Infiltration at 50 Pascals as measured by blower door after air sealing.
= Actual
N_cool = Conversion factor from leakage at 50 Pascal to leakage at natural conditions
=Dependent on exposure:1427
Climate Zone ‘ Exposure N-Factor
Well Shielded 22.2
Zone 2 Normal 18.5
Exposed 16.7
Well Shielded 25.8
Zone 3
Normal 21.5

1924 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren lllinois service territory.

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)'.

1926 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois 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.

1427 N-factor is used to convert 50-pascal blower door air flows to natural air flows and is dependent on geographic location and
exposure of the home to wind (impacts of stack effect based on height of building will not be significant because of reduced
delta T during the cooling season) , based on methodology developed by Lawrence Berkeley Laboratory (LBL). N-factor values
copied from J. Krigger, C. Dorsi; “Residential Energy: Cost Savings and Comfort for Existing Buildings”, p284.

1425
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60 * 24
CDD

DUA

0.018
1000
nCool

Climate Zone Exposure N-Factor

Exposed 19.4

= Converts Cubic Feet per Minute to Cubic Feet per Day

= Cooling Degree Days

. 1428
= Dependent on location™ ":

Climate Zone
(City based CDD 65

upon)
1 (Rockford) 820
2 (Chicago) 842

3 (Springfield) 1,108

4 (Belleville) 1,570

5 (Marion) 1,370

= Discretionary Use Adjustment (reflects the fact that people do not always operate
their AC when conditions may call for it).

=0.75 1429

= Specific Heat Capacity of Air (Btu/ft3*°F)

= Converts Btu to kBtu

= Efficiency (SEER) of Air Conditioning equipment (kBtu/kWh)

= Actual (where it is possible to measure or reasonably estimate). If unknown assume
the foIIowing1430

Age of Equipment ‘ SEER Estimate
Before 2006 10
2006 - 2014 13
Central AC After 1/1/2015 13
Heat Pump After 1/1/2015 14

1428
1429

National Climatic Data Center, calculated from 1981-2010 climate normals with a base temp of 65°F.
This factor's source is: Energy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wisconsin, A

Compilation of Recent Field Research”, p31.

1430

These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for

Central AC was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.
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LM = Latent multiplier to account for latent cooling demand

L1431
= dependent on location:

Climate Zone

(City based upon)

2 (Chicago) 6.2
3 (Springfield) 6.6
4 (St. Louis, MO) 5.8
5 (Evansville, IN) 6.6
AkWh_heating = If electric heat (resistance or heat pump), reduction in annual electric heating due to

air sealing
= (((CFM50_existing - CFM50_new)/N_heat) * 60 * 24 * HDD * 0.018) / (nHeat * 3,412)

N_heat = Conversion factor from leakage at 50 Pascal to leakage at natural conditions
1432

= Based on climate zone, building height and exposure level:

# Stories:

Well Shielded 22.2 20.0 17.8 15.5
Zone 2 Normal 18.5 16.7 14.8 13.0

Exposed 16.7 15.0 13.3 11.7

Well Shielded 25.8 23.2 20.6 18.1
Zone 3 Normal 215 19.4 17.2 15.1

Exposed 19.4 17.4 15.5 135
HDD = Heating Degree Days

1433

= Dependent on location:

31 The Latent Multiplier is used to convert the sensible cooling savings calculated to a value representing sensible and latent

cooling loads. The values are derived from Harriman et al "Dehumidification and Cooling Loads From Ventilation Air", ASHRAE
Journal, by adding the latent and sensible loads to determine the total, then dividing the total by the sensible load. Where this
specialized data was not available, a nearby city was chosen.

1932 \-factor is used to convert 50-pascal blower door air flows to natural air flows and is dependent on geographic location,
height of building (stack effect) and exposure of the home to wind, based on methodology developed by Lawrence Berkeley
Laboratory (LBL). N-factor values copied from J. Krigger, C. Dorsi; “Residential Energy: Cost Savings and Comfort for Existing
Buildings”, p284.

1433 National Climatic Data Center, calculated from 1981-2010 climate normals with a base temp of 65°F. The base temperature
was selected to account for the fact that homes receiving airsealing efforts are likely to be more leaky homes where the inside
and outside air temperature is more consistent and therefore is more likely to require heating as temperatures drop below 65
degrees. Using this base temperature also reconciles the resulting savings estimates with the results of more sophisticated
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Climate Zone

(City based upon) HDD 65

1 (Rockford) 6,569
2 (Chicago) 6,339
3 (Springfield) 5,497
4 (Belleville) 4,379
5 (Marion) 4,476
nHeat = Efficiency of heating system

1434,

= Actual. If not available refer to default table below

fa] HSPF nHeat (E.ffectlve
System Type Equibment Estimate COP Estimate)=
quip (HSPF/3.413)*0.85
Before 2006 6.8 1.7
Heat Pump 2006 - 2014 7.7 1.92
2015 on 8.2 2.40
Resistance N/A N/A 1
3412 = Converts Btu to kWh

For example, a well shielded, 2 story single family home in Chicago with 10.5 SEER central cooling and a heat
pump with COP of 2 (1.92 including distribution losses), has pre and post blower door test results of 3,400
and 2,250:

AkWh = AkWh_cooling + AkWh_heating

= [((((3,400 — 2,250) / 22.2) * 60 * 24 * 842 * 0.75 * 0.018) / (1000 * 10.5)) * 6.2] + [((3,400
—2,250)/ 17.8)) * 60 * 24 * 6339 * 0.018 / (1.92 * 3,412)]

=501+ 1620
=2,121 kWh

AkWh_heating = If gas furnace heat, kWh savings for reduction in fan run time

modeling software.
134 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for

Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time means that using the minimum standard is appropriate. An 85% distribution efficiency is
then applied to account for duct losses for heat pumps.
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= ATherms * F. * 29.3

Fe = Furnace Fan energy consumption as a percentage of annual fuel consumption
=3.14%"%°
29.3 =kWh per therm

For example, a well shielded, 2 story single family home in Chicago with a gas furnace with system efficiency
of 70%, has pre and post blower door test results of 3,400 and 2,250 (see therm calculation in Natural Gas
Savings section:

AkWh =152 *0.0314 *29.3
=140 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = (AkWh_cooling / FLH_cooling) * CF
Where:
FLH_cooling = Full load hours of air conditioning

. 1436
= Dependent on location™ :

Climate Zone

(City based ::;?illt; Multifamily
upon)
1 (Rockford) 512 467
2 (Chicago) 570 506
3 (Springfield) 730 663
4 (Belleville) 1,035 940
5 (Marion) 903 820
CFssp = Summer System Peak Coincidence Factor for Central A/C (during system peak hour)
1437

=68%

1435 F. is not one of the AHRI certified ratings provided for residential furnaces, but can be reasonably estimated from a

calculation based on the certified values for fuel energy (Ef in MMBtu/yr) and Eae (kWh/yr). An average of a 300 record sample
(non-random) out of 1495 was 3.14%. This is, appropriately, ~50% greater than the Energy Star version 3 criteria for 2% F.. See
“Programmable Thermostats Furnace Fan Analysis.xlsx” for reference.

1938 £yl load hours for Chicago, Moline and Rockford are provided in “Final Evaluation Report: Central Air Conditioning
Efficiency Services (CACES), 2010, Navigant Consulting”,

http://ilsag.org/yahoo_site_admin/assets/docs/ComEd PY2 CACES Evaluation Report 2010-10-18.299122020.pdf 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.
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CFssp = Summer System Peak Coincidence Factor for Heat Pumps (during system peak hour)
= 7294951438

CFoym = PJM Summer Peak Coincidence Factor for Central A/C (average during peak period)
= 46.6%"%

Other factors as defined above

For example, a well shielded, 2 story single family home in Chicago with 10.5 SEER central cooling and a heat
pump with COP of 2.0, has pre and post blower door test results of 3,400 and 2,250:

AkWssp =501 /570 * 0.68
=0.60 kW

AkWopy =501 /570 * 0.466
=0.410 kW

NATURAL GAS SAVINGS

If Natural Gas heating:
ATherms = (((CFM50_existing - CFM50_new)/N_heat) * 60 * 24 * HDD * 0.018) / (nHeat * 100,000)

Where:
N_heat = Conversion factor from leakage at 50 Pascal to leakage at natural conditions
= Based on climate zone, building height and exposure level**;
# Stories: ‘ 1 1.5 p 3
Well Shielded 22.2 20.0 17.8 15.5
Zone 2 Normal 18.5 16.7 14.8 13.0
Exposed 16.7 15.0 13.3 11.7
Well Shielded 25.8 23.2 20.6 18.1
Zone 3 Normal 215 19.4 17.2 15.1
Exposed 194 17.4 15.5 135
HDD = Heating Degree Days

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

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)'.

1939 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois 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.

1440 \_factor is used to convert 50-pascal blower door air flows to natural air flows and is dependent on geographic location,
height of building (stack effect) and exposure of the home to wind, based on methodology developed by Lawrence Berkeley
Laboratory (LBL). N-factor values copied from J. Krigger, C. Dorsi; “Residential Energy: Cost Savings and Comfort for Existing
Buildings”, p284.

1438
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1441
= dependent on location™ :

Climate Zone

(City based upon) HDD 65

1 (Rockford) 6,569

2 (Chicago) 6,339

3 (Springfield) 5,497

4 (Belleville) 4,379

5 (Marion) 4,476

nHeat = Efficiency of heating system

= Equipment efficiency * distribution efficiency
= Actual***. If not available use 70%"***.

Other factors as defined above

For example, a well shielded, 2 story single family home in Chicago with a gas furnace with system efficiency
of 70%, has pre and post blower door test results of 3,400 and 2,250:

ATherms =((3,400-2,250)/17.8) * 60 * 24 * 6339 * 0.018) / (0.7 * 100,000)
=152 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

%41 National Climatic Data Center, calculated from 1981-2010 climate normals with a base temp of 60°F, consistent with the

findings of Belzer and Cort, Pacific Northwest National Laboratory in “Statistical Analysis of Historical State-Level Residential
Energy Consumption Trends,” 2004..

1442 Ideally, the System Efficiency should be obtained either by recording the AFUE of the unit, or performing a steady state
efficiency test. The Distribution Efficiency can be estimated via a visual inspection and by referring to a look up table such as
that provided by the Building Performance Institute: (http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf
or by performing duct blaster testing.

13 This has been estimated assuming that natural gas central furnace heating is typical for lllinois residences (66% of Illinois
homes have a Natural Gas Furnace (based on Energy Information Administration, 2009 Residential Energy Consumption Survey:
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls )

In 2000, 24% of furnaces purchased in Illinois were condensing (based on data from GAMA, provided to Department of Energy
during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.
Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system
efficiency is estimated as follows:

(0.24*0.92) + (0.76*0.8) * (1-0.15) = 0.70
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DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: RS-SHL-AIRS-V03-150601
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5.6.2 Basement Sidewall Insulation

DESCRIPTION

Insulation is added to a basement or crawl space. Insulation added above ground in conditioned space is modeled
the same as wall insulation. Below ground insulation is adjusted with an approximation of the thermal resistance
of the ground. Insulation in unconditioned spaces is modeled by reducing the degree days to reflect the smaller
but non-zero contribution to heating and cooling load. Cooling savings only consider above grade insulation, as
below grade has little temperature difference during the cooling season.

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

This measure requires a member of the implementation staff or a participating contractor to evaluate the pre and
post R-values and measure surface areas. The requirements for participation in the program will be defined by the
utilities.

DEFINITION OF BASELINE EQUIPMENT

The existing condition will be evaluated by implementation staff or a participating contractor and is likely to be no

basement wall or ceiling insulation.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 25 years.1444

DEEMED MEASURE COST

The actual installed cost for this measure should be used in screening.

DEEMED O&M COST ADJUSTMENTS

N/A

LOADSHAPE
Loadshape RO8 - Residential Cooling
Loadshape R09 - Residential Electric Space Heat

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.

144 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, 2007
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CFssp = Summer System Peak Coincidence Factor for Central A/C (during utility peak hour)
- 681445
CFssp = Summer System Peak Coincidence Factor for Heat Pumps (during system peak hour)
= 729941446
CFev = PJM Summer Peak Coincidence Factor for Central A/C (average during PJM peak period)
= 46.6%"**'
Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS
Where available savings from shell insulation measures should be determined through a custom analysis. When
that is not feasible for the program the following engineering algorithms can be used with the inclusion of an
adjustment factor to de-rate the heating savings.

AkWh = (AkWh_cooling + AkWh_heating)
Where:

AkWh_cooling = If central cooling, reduction in annual cooling requirement due to insulation

=(((1/R_old_AG - 1/(R_added+R_old_AG)) * L_basement_wall_total *
H_basement_wall_AG * (1-Framing_factor)) * 24 * CDD * DUA) / (1000 * nCool))

R_added = R-value of additional spray foam, rigid foam, or cavity insulation.
R_old_AG = R-value value of foundation wall above grade.
1448

= Actual, if unknown assume 1.0
L_basement_wall_total = Length of basement wall around the entire insulated perimeter (ft)
H_basement_wall_AG = Height of insulated basement wall above grade (ft)

Framing_factor = Adjustment to account for area of framing when cavity insulation is used

1445
1446

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

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)’.

%47 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois 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.

1448 ORNL Builders Foundation Handbook, crawl space data from Table 5-5: Initial Effective R-values for Uninsulated Foundation
System and Adjacent Soil, 1991, http://www.ornl.gov/sci/roofs+walls/foundation/ORNL_CON-295.pdf
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= 0% if Spray Foam or External Rigid Foam

= 25% if studs and cavity insulation™**°

24 = Converts hours to days
CDD = Cooling Degree Days
= Dependent on location and whether basement is conditioned:™**°
Climate Zone Conditioned Ynconditioned
(City based upon) CDD 65 CDD 65'***
1 (Rockford) 820 263
2 (Chicago) 842 281
3 (Springfield) 1,108 436
4 (Belleville) 1,570 538
5 (Marion) 1,370 570
WelghteﬂsZ 947 325
Average
DUA = Discretionary Use Adjustment (reflects the fact that people do not always operate
their AC when conditions may call for it).
=0.75 1453
1000 = Converts Btu to kBtu
nCool = Seasonal Energy Efficiency Ratio of cooling system (kBtu/kWh)

= Actual (where it is possible to measure or reasonably estimate). If unknown assume
the following:1454

1449 ASH RAE, 2001, “Characterization of Framing Factors for New Low-Rise Residential Building Envelopes (904-RP),” Table 7.1

National Climatic Data Center, calculated from 1981-2010 climate normals with a base temp of 65°F. There is a county
mapping table in the Appendix providing the appropriate city to use for each county of lllinois.

%1 Eive year average cooling degree days with 75F base temp from DegreeDays.net were used in this table because the 30 year
climate normals from NCDC used elsewhere are not available at base temps above 72F.

1452 Weighted based on number of occupied residential housing units in each zone.

This factor's source is: Energy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wisconsin, A
Compilation of Recent Field Research”, p31.

154 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Central AC was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.

1450

1453
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Age of Equipment ‘ nCool Estimate
Before 2006 10
2006 - 2014 13
Central AC After 1/1/2015 13
Heat Pump After 1/1/2015 14
AkWh_heating = If electric heat (resistance or heat pump), reduction in annual electric heating due to

insulation
= ([((1/R_old_AG - 1/(R_added+R_old_AG)) * L_basement_wall_total * H_basement_wall_AG *
(1-Framing_factor)) + ((1/(R_old_BG - 1/(R_added+R_old_BG)) * L_basement_wall_total *
(H_basement_wall_total - H_basement_wall_AG) * (1-Framing_factor))] * 24 * HDD) / (3,412 *
nHeat)) * ADJBasement

Where

R_old_BG = R-value value of foundation wall below grade (including thermal resistance of
the earth) 1455

= dependent on depth of foundation (H_basement_wall_total -
H_basement_wall_AG):

= Actual R-value of wall plus average earth R-value by depth in table below

Below Grade R-value

Depth below grade (ft)

Earth R-value
(°F-ft*-h/Btu)

2.44 4.50 6.30 8.40 10.44 12.66 14.49 17.00 20.00

Average Earth R-value

(°F-ft2-h/Btu) 2.44 3.47 4.41 5.41 6.42 7.46 8.46 9.53 10.69

Total BG R-value (earth +

R-1.0 foundation) default 3.44 4.47 5.41 6.41 7.42 8.46 9.46 10.53 11.69

H_basement_wall_total = Total height of basement wall (ft)

HDD = Heating Degree Days

1453 Adapted from Table 1, page 24.4, of the 1977 ASHRAE Fundamentals Handbook
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= dependent on location and whether basement is conditioned:***®

Climate Zone Conditioned Unconditioned

(City based upon) HDD 60 HDD 50

1 (Rockford) 5,352 3,322

2 (Chicago) 5,113 3,079

3 (Springfield) 4,379 2,550

4 (Belleville) 3,378 1,789

5 (Marion) 3,438 1,796
Weighted

Average'’ 4,860 2,895

nHeat = Efficiency of heating system

1458

= Actual. If not available refer to default table below:

nHeat (Effective COP
Age of . :
System Type Equioment HSPF Estimate Estimate)
quip (HSPF/3.413)*0.85
Before 2006 6.8 1.7
After 2006 -
Heat Pump 2014 7.7 1.92
2015 on 8.2 2.40
Resistance N/A N/A 1
ADlJgasement = Adjustment for basement wall insulation to account for prescriptive

engineering algorithms overclaiming savings.

- 88%1459

1456 National Climatic Data Center, calculated from 1981-2010 climate normals with a base temp of 60°F for a conditioned

basement and 50°F for an unconditioned basement), consistent with the findings of Belzer and Cort, Pacific Northwest National
Laboratory in “Statistical Analysis of Historical State-Level Residential Energy Consumption Trends,” 2004. There is a county
mapping table in the front of the TRM providing the appropriate city to use for each county of Illinois.

1457 Weighted based on number of occupied residential housing units in each zone.

1958 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time means that using the minimum standard is appropriate. An 85% distribution efficiency is
then applied to account for duct losses for heat pumps.

1959 Based upon comparing algorithm derived savings estimate and evaluated bill analysis estimate in the following 2012
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For example, a single family home in Chicago with a 20 by 25 by 7 foot R-2.25 basement, with 3 feet above
grade, insulated with R-13 of interior spray foam, 10.5 SEER Central AC and 2.26 COP Heat Pump:

AkWh = (AkWh_cooling + AkWh_heating)

= [(((1/2.25 - 1/(13 + 2.25))*(20+25+20+25) * 3 * (1 - 0)) * 24 * 281 * 0.75)/(1000 * 10.5)] +
[(((((1/2.25 - 1/(13 + 2.25)) * (20+25+20+25) * 3 * (1-0)) + ((1/ (2.25 + 6.42) =1/ (13 + 2.25 +
6.42)) * (20+25+20+25) * 4 * (1-0))) * 24 * 3079) / (3412 * 1.92)) * 0.88]

=(49.3 + 1263.0)

=1312.3 kWh
AkWh_heating = If gas furnace heat, kWh savings for reduction in fan run time
= ATherms * F. * 29.3
Fe = Furnace Fan energy consumption as a percentage of annual fuel consumption
=3.14%"%°
29.3 = kWh per therm

For example, a single family home in Chicago with a 20 by 25 by 7 foot unconditioned basement, with 3 feet
above grade, insulated with R-13 of interior spray foam, and a 70% efficient furnace (for therm calculation see
Natural Gas Savings section :

=118.1 *0.0314 * 29.3
=109 kWh

SUMMER COINCIDENT PEAK DEMAND

AkW = (AkWh_cooling / FLH_cooling) * CF

Where:

FLH_cooling = Full load hours of air conditioning

Massachusetts report: “Home Energy Services Impact Evaluation”, August 2012. See “Insulation ADJ calculations.xIs” for details
or calculation.

1460 Fe is not one of the AHRI certified ratings provided for residential furnaces, but can be reasonably estimated from a
calculation based on the certified values for fuel energy (Ef in MMBtu/yr) and Eae (kWh/yr). An average of a 300 record sample
(non-random) out of 1495 was 3.14%. This is, appropriately, ~50% greater than the Energy Star version 3 criteria for 2% F.. See
“Programmable Thermostats Furnace Fan Analysis.xIsx” for reference.
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. 1461
= dependent on location™ :

Climate Zone
Single Family Multifamily

(City based upon)

1 (Rockford) 512 467
2 (Chicago) 570 506
3 (Springfield) 730 663
4 (Belleville) 1,035 940
5 (Marion) 903 820
Weighted Averagel‘u52 629 564
CFssp = Summer System Peak Coincidence Factor for Central A/C (during system peak hour)
— 68941463
CFssp = Summer System Peak Coincidence Factor for Heat Pumps (during system peak hour)
- 72%%1464
CFpm = PJM Summer Peak Coincidence Factor for Central A/C (average during peak period)
= 46.6%"%°

For example, a single family home in Chicago with a 20 by 25 by 7 foot unconditioned basement, with 3 feet
above grade, insulated with R-13 of interior spray foam, 10.5 SEER Central AC and 2.26 COP Heat Pump:

AkWssp =49.3 /570 * 0.68
=0.059 kW

AkWpy =49.3 /570 * 0.466
=0.040 kW

181 £yl load hours for Chicago, Moline and Rockford are provided in “Final Evaluation Report: Central Air Conditioning

Efficiency Services (CACES), 2010, Navigant Consulting”,

http://ilsagfiles.org/SAG files/Evaluation Documents/ComEd/ComEd%20EPY2%20Evaluation%20Reports/ComEd Central AC
Efficiency Services PY2 Evaluation Report Final.pdf, 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 the front of the TRM providing the appropriate city to use for each county of Illinois.

1462 Weighted based on number of occupied residential housing units in each zone.

1963 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren lllinois service territory.

1984 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)’.

1965 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois 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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NATURAL GAS SAVINGS

If Natural Gas heating:

ATherms = [(([((1/R_old_AG - 1/(R_added+R_old_AG)) * L_basement_wall_total *
H_basement_wall_AG * (1-Framing_factor) + (1/(R_old_BG - 1/(R_added+R_old_BG)) *
L_basement_wall_total * (H_basement_wall_total - H_basement_wall_AG) * (1-
Framing_factor)] * 24 * HDD) / (nHeat * 100,067)] * ADJgasement

nHeat = Efficiency of heating system
= Equipment efficiency * distribution efficiency
1466

= Actual. If unknown assume 70%

Other factors as defined above

For example, a single family home in Chicago with a 20 by 25 by 7 foot R-2.25 basement, with 3 feet above
grade, insulated with R-13 of interior spray foam, and a 70% efficient furnace:

= ((1/2.25 - 1/(13 + 2.25)) * (20+25+20+25) * 3 * (1-0) + (1/8.67 - 1/(13 + 8.67)) * (20+25+20+25)
* 4% (1-0)) * 24 * 3079) / (0.7 * 100,067) * 0.88

=118.1 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CODE: RS-SHL-BINS-V06-150601

1488 This has been estimated assuming that natural gas central furnace heating is typical for lllinois residences (66% of Illinois

homes have a Natural Gas Furnace (based on Energy Information Administration, 2009 Residential Energy Consumption Survey:
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls))

In 2000, 24% of furnaces purchased in Illinois were condensing (based on data from GAMA, provided to Department of Energy
during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.
Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system
efficiency is estimated as follows:

(0.24*0.92) + (0.76*0.8) * (1-0.15) = 0.70
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5.6.3 Floor Insulation Above Crawlspace

DESCRIPTION

Insulation is added to the floor above a vented crawl space that does not contain pipes or HVAC equipment. If
there are pipes, HVAC, or a basement, it is desirable to keep them within the conditioned space by insulating the
crawl space walls and ground. Insulating the floor separates the conditioned space above from the space below
the floor, and is only acceptable when there is nothing underneath that could freeze or would operate less
efficiently in an environment resembling the outdoors. Even in the case of an empty, unvented crawl space, it is
still considered best practice to seal and insulate the crawl space perimeter rather than the floor. Not only is there
generally less area to insulate this way, but there are also moisture control benefits. There is a “Basement
Insulation” measure for perimeter sealing and insulation. This measure assumes the insulation is installed above an
unvented crawl space and should not be used in other situations.

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

This measure requires a member of the implementation staff or a participating contractor to evaluate the pre and
post R-values and measure surface areas. The requirements for participation in the program will be defined by the
utilities.

DEFINITION OF BASELINE EQUIPMENT

The existing condition will be evaluated by implementation staff or a participating contractor and is likely to be no
insulation on any surface surrounding a crawl space.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 25 years.1467

DEEMED MEASURE COST

The actual installed cost for this measure should be used in screening.
DEeMED O&M COST ADJUSTMENTS

N/A

LOADSHAPE

Loadshape R08 - Residential Cooling
Loadshape R09 - Residential Electric Space Heat

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

1467 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, 2007
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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 = Summer System Peak Coincidence Factor for Central A/C (during utility peak hour)
- 68941468

CFssp = Summer System Peak Coincidence Factor for Heat Pumps (during system peak hour)
= 729491469

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

= 46.6%"°

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Where available savings from shell insulation measures should be determined through a custom
analysis. When that is not feasible for the program the following engineering algorithms can be used with the
inclusion of an adjustment factor to de-rate the heating savings.

AkWh = (AkWh_cooling + AkWh_heating)
Where:
AkWh_cooling = If central cooling, reduction in annual cooling requirement due to insulation

=(((1/R_old - 1/(R_added+R_old)) * Area * (1-Framing_factor)) * 24 * CDD * DUA) /
(1000 * nCool))

R_old = R-value value of floor before insulation, assuming 3/4” plywood subfloor and carpet
with pad
= Actual. If unknown assume 3.96 *"*

R_added = R-value of additional spray foam, rigid foam, or cavity insulation.

Area = Total floor area to be insulated

Framing_factor = Adjustment to account for area of framing

=12% 1472

1468
1469

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

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)'.

1470 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois 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.

1471 Based on 2005 ASHRAE Handbook — Fundamentals: assuming 2x8 joists, 16” OC, %” subfloor, %" carpet with rubber pad,
and accounting for a still air film above and below: 1/ [(0.85 cavity share of area / (0.68 + 0.94 + 1.23 + 0.68)) + (0.15 framing
share / (0.68 + 7.5” * 1.25 R/in + 0.94 + 1.23 + 0.68))] = 3.96

1972 AsH RAE, 2001, “Characterization of Framing Factors for New Low-Rise Residential Building Envelopes (904-RP),” Table 7.1
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24 = Converts hours to days
CDD = Cooling Degree Days
Climate Zone Unconditioned
(City based upon) cop™”®
1 (Rockford) 263
2 (Chicago) 281
3 (Springfield) 436
4 (Belleville) 538
5 (Marion) 570
o
DUA = Discretionary Use Adjustment (reflects the fact that people do not always operate
their AC when conditions may call for it).
=075 1475
1000 = Converts Btu to kBtu
nCool = Seasonal Energy Efficiency Ratio of cooling system (kBtu/kWh)

= Actual (where it is possible to measure or reasonably estimate). If unknown assume
the following:1476

Age of Equipment ‘ nCool Estimate
Before 2006 10
2006 - 2014 13
Central AC After 1/1/2015 13
Heat Pump After 1/1/2015 14
AkWh_heating = If electric heat (resistance or heat pump), reduction in annual electric heating due to

insulation

= ((((1/R_old - 1/(R_added + R_old)) * Area * (1-Framing_factor) * 24 * HDD)/ (3,412 *
nHeat)) * ADJFIoch

17 Eive year average cooling degree days with 75F base temp from DegreeDays.net were used in this table because the 30 year

climate normals from NCDC used elsewhere are not available at base temps above 72F.

1474 Weighted based on number of occupied residential housing units in each zone.

1475 Energy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wisconsin, A Compilation of Recent
Field Research”, p31.

1978 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Central AC was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.
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HDD = Heating Degree Days:1477

Climate Zone

Unconditioned

(City based upon) HDD
1 (Rockford) 3,322
2 (Chicago) 3,079
3 (Springfield) 2,550
4 (Belleville) 1,789
5 (Marion) 1,796
Weighted

Average1478 2,895

nHeat = Efficiency of heating system

1479

= Actual. If not available refer to default table below:

nHeat (Effective COP
Age of . :
System Type Equioment HSPF Estimate Estimate)
quip (HSPF/3.413)*0.85
Before 2006 6.8 1.7
Heat Pump 2006 - 2014 7.7 1.92
2015 0on 8.2 2.40
Resistance N/A N/A 1
ADJi00r = Adjustment for floor insulation to account for prescriptive engineering algorithms
overclaiming savings.
- 88%1480

Other factors as defined above

%77 National Climatic Data Center, Heating Degree Days with a base temp of 50°F to account for lower impact of unconditioned

space on heating system. There is a county mapping table in the Appendix providing the appropriate city to use for each county
of lllinois.

1478 Weighted based on number of occupied residential housing units in each zone.

These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time means that using the minimum standard is appropriate. An 85% distribution efficiency is
then applied to account for duct losses for heat pumps.

1980 Based upon comparing algorithm derived savings estimate and evaluated bill analysis estimate in the following 2012
Massachusetts report: “Home Energy Services Impact Evaluation”, August 2012. See “Insulation ADJ calculations.xIs” for details
or calculation. Note that basement wall is used as a proxy for crawlspace ceiling.

1479
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For example, a single family home in Chicago with a 20 by 25 footprint, insulated with R-30 spray foam above
the crawlspace, a 10.5 SEER Central AC and a newer heat pump:

AkWh = (AkWh_cooling + AkWh_heating)

= (((1/3.96 -1/(30+3.96))*(20*25)*(1-0.12)* 24 * 281*0.75)/(1000*10.5) + (((1/3.96 -
1/(30+3.96))*(20*25)*(1-0.15) * 24 * 3079)/(3412*1.92)) * 0.88)

= (47.3 +941.1)
= 988.4 kWh

AkWh_heating = If gas furnace heat, kWh savings for reduction in fan run time

= ATherms * F. * 29.3

Fe = Furnace Fan energy consumption as a percentage of annual fuel consumption
=3.14%"%"
29.3 =kWh per therm

For example, a single family home in Chicago with a 20 by 25 footprint, insulated with R-30 spray foam above
the crawlspace, and a 70% efficient furnace (for therm calculation see Natural Gas Savings section):

AkWh =91.2 *0.0314 * 29.3
=83.9 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS
AkW = (AkWh_cooling / FLH_cooling) * CF
Where:
FLH_cooling = Full load hours of air conditioning
1482

= Dependent on location:

Climate Zone

Single Family Multifamily

(City based upon)
1 (Rockford) 512 467
2 (Chicago) 570 506

1481 F is not one of the AHRI certified ratings provided for residential furnaces, but can be reasonably estimated from a

calculation based on the certified values for fuel energy (Ef in MMBtu/yr) and Eae (kWh/yr). An average of a 300 record sample
(non-random) out of 1495 was 3.14%. This is, appropriately, ~50% greater than the Energy Star version 3 criteria for 2% F.. See
“Programmable Thermostats Furnace Fan Analysis.xIsx” for reference.

1982 £yl load hours for Chicago, Moline and Rockford are provided in “Final Evaluation Report: Central Air Conditioning
Efficiency Services (CACES), 2010, Navigant Consulting”,

http://ilsag.org/yahoo_site admin/assets/docs/ComEd PY2 CACES Evaluation Report 2010-10-18.299122020.pdf, 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 the Appendix providing the appropriate city to use for
each county of lllinois.
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Climate Zone
Single Family Multifamily

(City based upon)

3 (Springfield) 730 663
4 (Belleville) 1,035 940
5 (Marion) 903 820
Welghteﬂ% 629 564
Average
CFssp = Summer System Peak Coincidence Factor for Central A/C (during system peak
hour)
- 68%1484
CFssp = Summer System Peak Coincidence Factor for Heat Pumps (during system
peak hour)
= 729491485
CFpym = PJM Summer Peak Coincidence Factor for Central A/C (average during peak
period)
= 46.6%""%°

For example, a single family home in Chicago with a 20 by 25 footprint, insulated with R-30 spray foam above the
crawlspace, a 10.5 SEER Central AC and a newer heat pump:

AkWssp =47.3 /570 * 0.68
=0.056 kW

AkWssp =47.3 /570 * 0.466
=0.039 kW

NATURAL GAS SAVINGS

If Natural Gas heating:

ATherms = (1/R_old - 1/(R_added+R_old)) * Area * (1-Framing_factor)) * 24 * HDD) /
(1001000 * ﬂHeat) * ADJFIoorGasHeat

Where

1483 Weighted based on number of occupied residential housing units in each zone.

1984 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren lllinois service territory.

1985 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)’.

198 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois 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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nHeat = Efficiency of heating system
= Equipment efficiency * distribution efficiency
= Actual. If unknown assume 70%***’

Other factors as defined above

For example, a single family home in Chicago with a 20 by 25 footprint, insulated with R-30 spray foam above the
crawlspace, and a 70% efficient furnace:

ATherms=(1/3.96-1 /(30 + 3.96))*(20 * 25) * (1-0.12) * 24 * 3079) / (100,000 * 0.70) * 0.88
=91.2 therms

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

MEASURE CODE: RS-SHL-FINS-V06-150601

%87 This has been estimated assuming that natural gas central furnace heating is typical for lllinois residences (66% of Illinois

homes have a Natural Gas Furnace (based on Energy Information Administration, 2009 Residential Energy Consumption Survey:
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls))

In 2000, 24% of furnaces purchased in Illinois were condensing (based on data from GAMA, provided to Department of Energy
during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.
Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system
efficiency is estimated as follows:

(0.24*0.92) + (0.76*0.8) * (1-0.15) = 0.70
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5.6.4 Wall and Ceiling/Attic Insulation

DESCRIPTION

Insulation is added to wall cavities, and/or attic. This measure requires a member of the implementation staff
evaluating the pre and post R-values and measure surface areas. The efficiency of the heating and cooling
equipment in the home should also be evaluated if possible.

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

This measure requires a member of the implementation staff or a participating contractor to evaluate the pre and
post R-values and measure surface areas. The requirements for participation in the program will be defined by the
utilities.

DEFINITION OF BASELINE EQUIPMENT

The existing condition will be evaluated by implementation staff or a participating contractor and is likely to be
empty wall cavities and little or no attic insulation.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 25 years.1488

DEEMED MEASURE COST

The actual installed cost for this measure should be used in screening.

LOADSHAPE
Loadshape RO8 - Residential Cooling
Loadshape R09 - Residential Electric Space Heat

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 = Summer System Peak Coincidence Factor for Central A/C (during utility peak hour)
- 68941489
CFssp = Summer System Peak Coincidence Factor for Heat Pumps (during system peak hour)

1488
148

Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, 2007
% Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren lllinois service territory.
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- 72‘%)‘%)1490

CFppm = PJM Summer Peak Coincidence Factor for Central A/C (average during PJM peak period)
= 46.6%"*"

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Where available savings from shell insulation measures should be determined through a custom
analysis. When that is not feasible for the program the following engineering algorithms can be used with the
inclusion of an adjustment factor to de-rate the heating savings.

AkWh = (AkWh_cooling + AkWh_heating)
Where
AkWh_cooling = If central cooling, reduction in annual cooling requirement due to insulation

=[((1/R_old - 1/R_wall) * A_wall * (1-Framing_factor_wall) + (1/R_old - 1/R_attic) *
A_attic * (1-Framing_factor_attic)) * 24 * CDD * DUA] / (1000 * nCool)

R_wall = R-value of new wall assembly (including all layers between inside air and outside air).
R_attic = R-value of new attic assembly (including all layers between inside air and outside air).
R_old = R-value value of existing assemble and any existing insulation.
(Minimum of R-5 for uninsulated assembliesl492)
A_wall = Net area of insulated wall (ft°)
A_attic = Total area of insulated ceiling/attic (ftz)
Framing_factor_wall = Adjustment to account for area of framing
— 25041493
Framing_factor_attic = Adjustment to account for area of framing
= 701494
24 = Converts hours to days
CDD = Cooling Degree Days

1990 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)’.

1991 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.

1492 A estimate based on review of Madison Gas and Electric, Exterior Wall Insulation, R-value for no insulation in walls, and

NREL's Building Energy Simulation Test for Existing Homes (BESTEST-EX).

j‘lij ASHRAE, 2001, “Characterization of Framing Factors for New Low-Rise Residential Building Envelopes (904-RP),” Table 7.1
Ibid.
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. 1495
= dependent on location:

Climate Zone

CDD 65
(City based upon)
1 (Rockford) 820
2 (Chicago) 842
3 (Springfield) 1,108
4 (Belleville) 1,570
5 (Marion) 1,370
Weighted
A & 1496 947
verage
DUA = Discretionary Use Adjustment (reflects the fact that people do not always operate
their AC when conditions may call for it).
=075 1497
1000 = Converts Btu to kBtu
nCool = Seasonal Energy Efficiency Ratio of cooling system (kBtu/kWh)

= Actual (where it is possible to measure or reasonably estimate). If unknown assume
the foIIowing:1498

Age of Equipment ‘ nCool Estimate
Before 2006 10
2006 - 2014 13
Central AC After 1/1/2015 13
Heat Pump After 1/1/2015 14
kWh_heating = If electric heat (resistance or heat pump), reduction in annual electric heating due to

insulation

=(((1/R_old - 1/R_wall) * A_wall * (1-Framing_factor_wall) * ADJw. ) + (1/R_old - 1/R_attic) *
A_attic * (1-Framing_factor_attic) * ADJawic) * 24 * HDD] / (nHeat * 3412)

1495 National Climatic Data Center, Cooling Degree Days are based on a base temp of 65°F. There is a county mapping table in

the Appendix providing the appropriate city to use for each county of Illinois.

1496 Weighted based on number of occupied residential housing units in each zone.

%97 This factor's source is: Energy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wisconsin, A
Compilation of Recent Field Research”, p31.

1998 These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Central AC was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time mean that using the minimum standard is appropriate.
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HDD = Heating Degree Days

. 1499
= Dependent on location:

Climate Zone HDD 60

(City based upon)

1 (Rockford) 5,352
2 (Chicago) 5,113
3 (Springfield) 4,379
4 (Belleville) 3,378
5 (Marion) 3,438
Weighted Average1500 4,860

nHeat = Efficiency of heating system

= Actual. If not available refer to default table below:****

nHeat (Effective
Age of HSPF

System Type COP Estimate)

Equipment Estimate
el (HSPF/3.413)%0.85

Before 2006 6.8 1.7
Heat Pump 2006 - 2014 7.7 1.92

2015 0n 8.2 2.40
Resistance N/A N/A 1

3412 = Converts Btu to kWh

ADJwan = Adjustment for wall insulation to account for prescriptive engineering
algorithms overclaiming savings.
- 6391502

1499 National Climatic Data Center, calculated from 1981-2010 climate normals with a base temp of 60°F, consistent with the

findings of Belzer and Cort, Pacific Northwest National Laboratory in “Statistical Analysis of Historical State-Level Residential
Energy Consumption Trends,” 2004. There is a county mapping table in the Appendix providing the appropriate city to use for
each county of lllinois.

1300 Weighted based on number of occupied residential housing units in each zone.

These default system efficiencies are based on the applicable minimum Federal Standards. In 2006 the Federal Standard for
Heat Pumps was adjusted. While one would expect the average system efficiency to be higher than this minimum, the likely
degradation of efficiencies over time means that using the minimum standard is appropriate. An 85% distribution efficiency is
then applied to account for duct losses for heat pumps.

1302 Based upon comparing algorithm derived savings estimate and evaluated bill analysis estimate in the following 2012
Massachusetts report: “Home Energy Services Impact Evaluation”, August 2012. See “Insulation ADJ calculations.xIs” for details
or calculation.

1501
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ADJatic = Adjustment for attic insulation to account for prescriptive engineering
algorithms overclaiming savings.
= 74941503

For example, a single family home in Chicago with 990 ft” of R-5 walls insulated to R-11 and 700 ft’ of R-5 attic
insulated to R-38, 10.5 SEER Central AC and 2.26 (1.92 including distribution losses) COP Heat Pump:

AkWh = (AkWh_cooling + AkWh_heating)

= ((((1/5 - 1/11) * 990 * (1-0.25)) + ((1/5 - 1/38) * 700 * (1-0.07))) * 842 * 0.75 * 24)/ (1000 *
10.5)) + (((((1/5 - 1/11) * 990 * (1-0.25) * 0.63) + ((1/5 - 1/38) * 700 * (1-0.07) * 0.74)) * 5113
*24) / (1.92 * 3412))

=280+ 2523
=2803 kWh
AkWh_heating = If gas furnace heat, kWh savings for reduction in fan run time
= ATherms * F, * 29.3
Feo = Furnace Fan energy consumption as a percentage of annual fuel consumption
=3.14%""
29.3 =kWh per therm

For example, a single family home in Chicago with 990 ft” of R-5 walls insulated to R-11 and 700 ft” of R-5 attic
insulated to R-38, with a gas furnace with system efficiency of 66% (for therm calculation see Natural Gas
Savings section):

AkWh =250.3 ¥0.0314 * 29.3
=230 kWh

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkW = (AkWh_cooling / FLH_cooling) * CF
Where:

1393 Based upon comparing algorithm derived savings estimate and evaluated bill analysis estimate in the following 2012

Massachusetts report: “Home Energy Services Impact Evaluation”, August 2012. See “Insulation ADJ calculations.xIs” for details
or calculation. Note that basement walls is used as a proxy for crawlspace ceiling.

1504 Fe is not one of the AHRI certified ratings provided for residential furnaces, but can be reasonably estimated from a
calculation based on the certified values for fuel energy (Ef in MMBtu/yr) and Eae (kWh/yr). An average of a 300 record sample
(non-random) out of 1495 was 3.14%. This is, appropriately, ~50% greater than the Energy Star version 3 criteria for 2% F.. See
“Programmable Thermostats Furnace Fan Analysis.xIsx” for reference.
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FLH_cooling = Full load hours of air conditioning

. 1505
= Dependent on location as below:

Climate Zone
Single Family Multifamily

(City based upon)

1 (Rockford) 512 467
2 (Chicago) 570 506
3 (Springfield) 730 663
4 (Belleville) 1,035 940
5 (Marion) 903 820
Weighted 629 564
Average
CFssp = Summer System Peak Coincidence Factor for Central A/C (during system peak hour)
- 63941577
CFssp = Summer System Peak Coincidence Factor for Heat Pumps (during system peak hour)
7294941508
CFeim = PJM Summer Peak Coincidence Factor for Central A/C (average during peak period)
= 46.6%"%

For example, a single family home in Chicago with 990 ft” of R-5 walls insulated to R-11 and 700 ft’ of R-5 attic
insulated to R-38, 10.5SEER Central AC and 2.26 COP Heat Pump:

AkWssp =280/570 * 0.68
=0.33 kW

AkWopy =280/570 * 0.466
=0.23 kW

1305 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 the Appendix providing the appropriate city to use for each county of
Illinois.

1506 Weighted based on number of occupied residential housing units in each zone.

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

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)'.

1309 Based on analysis of Itron eShape data for Missouri, calibrated to lllinois 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.

1507
1508
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NATURAL GAS SAVINGS

If Natural Gas heating:

ATherms = ((((1/R_old - 1/R_wall) * A_wall * (1-Framing_factor_wall) * ADJw.; ) + ((1/R_old - 1/R_attic) *
A_attic * (1-Framing_factor_attic) * ADJawic)) * 24 * HDD) / (nHeat * 100,067 Btu/therm)
Where:
HDD = Heating Degree Days
= Dependent on location:™*°

Climate Zone HDD 60

(City based upon)

1 (Rockford) 5,352
2 (Chicago) 5,113
3 (Springfield) 4,379
4 (Belleville) 3,378
5 (Marion) 3,438
Weighted Average™ " | 4,860

nHeat = Efficiency of heating system

= Equipment efficiency * distribution efficiency

1512 1513

= Actual. If unknown assume 70%.

Other factors as defined above

1319 National Climatic Data Center, calculated from 1981-2010 climate normals with a base temp of 60°F, consistent with the

findings of Belzer and Cort, Pacific Northwest National Laboratory in “Statistical Analysis of Historical State-Level Residential
Energy Consumption Trends,” 2004. There is a county mapping table in the Appendix providing the appropriate city to use for
each county of lllinois.

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

12 Ideally, the System Efficiency should be obtained either by recording the AFUE of the unit, or performing a steady state
efficiency test. The Distribution Efficiency can be estimated via a visual inspection and by referring to a look up table such as
that provided by the Building Performance Institute: (http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf)
or by performing duct blaster testing.

513 This has been estimated assuming that natural gas central furnace heating is typical for lllinois residences (66% of Illinois
homes have a Natural Gas Furnace (based on Energy Information Administration, 2009 Residential Energy Consumption Survey:
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls)). In
2000, 24% of furnaces purchased in lllinois were condensing (based on data from GAMA, provided to Department of Energy
during the federal standard setting process for residential heating equipment - see Furnace Penetration.xls). Furnaces tend to
last up to 20 years and so units purchased 10 years ago provide a reasonable proxy for the current mix of furnaces in the State.
Assuming typical efficiencies for condensing and non-condensing furnaces and duct losses, the average heating system
efficiency is estimated as follows:

(0.24*0.92) + (0.76*0.8) * (1-0.15) = 0.70
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For example, a single family home in Chicago with 990 ft” of R-5 walls insulated to R-11 and 700 ft’ of R-5 attic
insulated to R-38, with a gas furnace with system efficiency of 66%:

ATherms = ((((1/5 - 1/11) * 990 * (1-0.25) *0.63) + ((1/5 - 1/38) * 700 * (1-0.07)*0.74)) * 24 *
5113) / (0.66 * 100,067)

=250.3 therms

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CODE: RS-SHL-AINS-V05-150601
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I.  lllinois Statewide Net-to-Gross Methodologies

A. Policy Context for this Information

The Illinois Evaluation Teams (Opinion Dynamics, Cadmus Group, Navigant Consulting, Itron, and ADM
Associates) are working with the lllinois Stakeholder Advisory Group (SAG) to create an lllinois Statewide
Net-to-Gross (NTG) Methodologies document (IL-NTG Methods). The IL-NTG Methods document is
included as an attachment to the Illinois Statewide Technical Reference Manual for Energy Efficiency (IL-
TRM). Through five different dockets, the Illinois Commerce Commission (ICC) has directed the
Evaluation Teams to compile and formalize standard NTG methods for use in lllinois energy-efficiency
(EE) evaluation, measurement and verification (EM&YV) work. The ICC EE dockets are shown in the
following table.

Table 1. ICC Energy Efficiency Dockets

ICC Order Docket .. NTG Discussion - .
No. and Date Program Administrator Order Pages ICC Link
13-0495 Commonwealth Edison Company 129-130 ICC Order Docket No.
(1/28/14) (ComEd) 13-0495
13-0498 - ICC Order Docket No.
(1/28/14) Ameren lllinois Company (Ameren) 167,171 130498
13-0499 Illinois Department of Commerce ICC Order Docket No.
. i 20, 23, 49
(1/28/14) and Economic Opportunity (DCEQ) 13-0499
13-0549 . . ICC Order Docket No.
(5/20/14) Nicor Gas Company (Nicor) 41-42,78 13-0549
North Shore Gas Company (North
13-0550 Shore Gas) and The Peoples Gas Light ICC Order Docket No.
54-55, 66
(5/20/14) and Coke Company (Peoples Gas) 13-0550

(collectively, PG&NSG or Integrys)

To provide clarity to the ICC directives, the relevant section on IL-NTG Methods is shown in its entirety
from the Nicor Gas Order (Docket No. 13-0549). The Nicor Gas Order provides the most detail on the ICC
NTG directive in comparison to the other EE orders. The Nicor language is as follows:

The Commission believes that Staff’s recommendations concerning Commission adoption of
consistent statewide net-to-gross methodologies (“IL-NTG Methods”) for use by the evaluators
are reasonable and will aid in future evaluation of the energy efficiency programs. To help
ensure the independence of the evaluators, to improve efficiency in the evaluation process,
and to ensure programs across the state as delivered by the various program administrators
can be meaningfully and consistently evaluated, the Commission hereby adopts Staff’s
recommendation that consistent IL-NTG Methods be established for use in the evaluations of
comparable energy efficiency programs offered by different Illinois program administrators.
The Commission notes that Section 8-104(k) of the Act encourages statewide coordination and
consistency between the gas and electric energy efficiency programs and Staff’s proposal
would help ensure consistency in the evaluation of program performance. The Commission
notes that this directive is not to create entirely “new” NTG methodologies for every energy
efficiency program, but rather to assess NTG methodologies and survey instruments that have
been used to evaluate energy efficiency programs offered in lllinois, and to compile the most
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justifiable and well-vetted methodologies (or potentially combine certain components from the
existing approaches to better represent the most justifiable and well-vetted method consistent
with best practices) in an attachment to the Updated IL-TRM that would get submitted to the
Commission for approval. The Commission notes that the IL-NTG Methods will be flexible and
adaptable to multiple program designs and budgets and tailored to appropriately assess the
specifics of each of the program administrators’ energy efficiency programs, consistent with
standard NTG methodologies adopted in other states that were filed in this proceeding. The
Commission agrees with Staff that in the interest of efficiency, the current program evaluators
should take the lead in compiling and formalizing standard methodologies for NTG in Illinois
taking into consideration SAG input. Because the existing Plan 1 evaluators are under contract
with the Company for the evaluation of the program year three energy efficiency programes, it
is appropriate for these existing evaluators to work on and complete the compilation of the IL-
NTG Methods over the next year. The Commission recognizes that each year considerable time
may be spent vetting NTG methodologies for each program evaluation separately for each
utility under the existing evaluation plan review practices; adoption of IL-NTG Methods would
save on these limited evaluation resources by having a common reference document for the
evaluators to use in estimating net savings for lllinois.

The Commission hereby directs the Company to require its evaluators to collaborate with the
other lllinois evaluators and the SAG to use best efforts to reach consensus on the approaches
used in assessing NTG in particular markets for both residential and non-residential energy
efficiency programs in a manner consistent with the direction described herein. (Pages 41-42)

(16) Northern lllinois Gas Company shall require its evaluators to collaborate with the
other lllinois evaluators and the SAG to reach consensus on the most defensible and well-
vetted methodologies for assessing net-to-gross ratios in particular markets for both residential
and non-residential energy efficiency programs in a manner consistent with the direction
provided herein;

(17) ICC Staff shall file the agreed-upon consensus statewide NTG methodologies with
the Commission as an attachment to the Updated IL-TRM, and if consensus is not reached on a
certain component of the statewide NTG methodologies, that particular non-consensus
component should be submitted in a manner consistent with the approach used for non-
consensus IL-TRM Updates; (Page 78)

B. Programs Currently Covered in this Document

This document will be updated over time to cover a range of programs. To facilitate completion of part
of the IL-NTG Methods sections prior to March 1, 2015, this document includes methods specific for
three program types: 1) Commercial, Industrial, and Public Sector Standard/Prescriptive and Custom
programs, 2) Appliance Recycling programs, and 3) Residential Upstream Lighting programs. All NTG
data collection and analysis activities for the program types covered by this document that start after
the effective date, June 1, 2015, shall conform to the NTG methods set forth herein.
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C. Updating the IL-NTG Methods

This attachment is part of the IL-TRM and follows the timeline for updating of the IL-TRM as specified in
the IL-TRM Policy Document.”** In general, the following will take place:

e Updates will occur annually.

e Any changes to the IL-NTG Methods document will be circulated to the full SAG and SAG participants
will have a ten business day review process.

e Updates will be discussed within the SAG and completed by March 1*.

e The ICC Staff will then submit a Staff Report (with the consensus Updated TRM attached) to the
Commission with a request for expedited review and approval.

D. Diverging from the IL-NTG Methods

The NTG methods for the programs outlined in this document are partially binding. The criteria for
deviating from the IL-NTG Methods document are set forth below. In all cases, the evaluators (or any
interested stakeholder) submits the proposed deviation to the full SAG for a ten business day SAG
review and comment period. In the event of an objection by a SAG participant, efforts may be made to
see if consensus can be reached on the proposed deviation in a subsequent monthly SAG meeting. In
this case, a final opportunity for SAG review and comment to the proposed deviation will be provided
following the SAG meeting.

Evaluators may modify the approaches described in this document if the following three conditions have
been satisfied:

1. Evaluators must explicate within the annual evaluation research plan (or other document)
how specific items in the proposed modified NTG method will diverge from what is
written in this document. Evaluators must justify why the divergence is appropriate.
2. Prior to the use of the modified NTG method for a particular program, evaluation teams
must be in agreement on the use and execution of the modified NTG method.
3. No objection from SAG participants is received regarding the proposed modified NTG
method within a ten business day SAG review and comment period.
Evaluators may test alternative methods of estimating NTG for a particular program (either in lieu of the
NTG methods outlined in this document or in addition to the NTG methods outlined in this document), if
the following three conditions have been satisfied:

1. Evaluators must explicate within the annual evaluation research plan (or other document)
the proposed alternative NTG method. Evaluators must explain why the proposed
alternative NTG method might be superior to the NTG methods outlined in this document
for the particular program. Evaluators must discuss the foundation for expecting that the
proposed alternative NTG method is likely to produce meaningful results.

1514 Policy Document for the lllinois Statewide Technical Reference Manual for Energy Efficiency. October 25, 2012.

http://www.icc.illinois.gov/downloads/public/IL%20TRM%20Policy%20Document.pdf
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2. Prior to the use of the alternative NTG method for a particular program, evaluation teams
must be in agreement on the key details of the approach for implementing the alternative
NTG method.
3. No objection from SAG participants is received regarding the proposed alternative NTG
method for the particular program within a ten business day SAG review and comment
period.
When performing alternative NTG methods for a particular program, the choice of methods may vary
across the state. For example, if ComEd’s evaluator chooses to test Methods 1 and 2 for a particular
program, Ameren’s and DCEQ’s evaluators do not also have to perform Methods 1 and 2 for a similar
program.

E. Procedure for Non-Consensus Items

Non-consensus items that arise during the development and updating of the IL-NTG Methods document
will be handled in substantially the same way as non-consensus IL-TRM Updates are addressed. The
approach to be used is as follows.

e Once the Illinois NTG Working Group™*® has progressed as far as they can on the methodology, and
it has been found that there is non-consensus on a specific Net-to-Gross Methods topic or
procedure, the lllinois NTG Working Group shall submit to the ICC Staff and the Stakeholder
Advisory Group’s (SAG) Technical Advisory Committee (TAC) a Comparison Exhibit of Non-Consensus
Net-to-Gross Methods topics/procedures within 1 week after the lllinois NTG Working Group has
failed to reach consensus. The TAC will then deliberate on the issue with a goal of reaching
consensus.

e |f consensus does not emerge in the TAC regarding a particular Net-to-Gross Methods topic or
procedure, the Comparison Exhibit of Non-Consensus NTG Methods topics/procedures is then sent
to the full SAG for their deliberations and input. The SAG provides a forum where experts on all
sides of the contested issue can present their expert opinions in an effort to inform parties of the
contested issue and to also facilitate consensus.

e If the full SAG is unable to reach consensus, the non-consensus item will be referred to the ICC for
resolution at the time of the IL-TRM Update proceeding. After receipt of the Comparison Exhibit of
Non-Consensus Net-to-Gross Methods topics/procedures, the ICC Staff will submit a Staff Report to
the Commission to initiate a proceeding separate from the consensus IL-TRM Update proceeding to
resolve the non-consensus Net-to-Gross Methods topics/procedures.

15 The Illinois NTG Working Group consists primarily of the subset of Evaluators deliberating on NTG

methodologies; however, any interested party may participate in the lllinois NTG Working Group.
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Il.  Attribution in Energy Efficiency Programs in General

One of the most difficult aspects of evaluation, and not just within evaluation of energy efficiency
programes, is attributing results to a program. Attribution provides credible evidence that there is a
causal link between the program activities and the outcomes achieved by the program. Attribution
research estimates the difference between the outcomes and those that would have occurred absent
the program (i.e., the counterfactual). Put in research terms, evaluators must reject the null hypothesis
of no causality through probabilistic statements (e.g., “strong evidence”, “high probability”). As such, it
is important to realize that the concept of the counterfactual cannot be proven with certainty. So even
though the NTG ratio is a single value, conceptually it is a probabilistic statement™'®. One of the main
academics within evaluation stated that there is a “...total and inevitable absence of certain knowledge
[arising] from the methods social scientists use” when assessing the counterfactual. (Shadish, et al.,
2002) This statement is not about poor methods, but about the counterfactual itself. Because programs
work with people and are not a laboratory experiment that can be replicated over and over, to find out
what actions people would have taken absent an intervention, one would need a time machine to take
people back in time and not provide the program. Since time machines do not exist, evaluators have
developed methods that approximate the counterfactual to the best of their ability.

For energy efficiency programs, evaluators differentiate between savings at a “gross” and “net” level as
described below in the short set of relevant definitions. These definitions are not all encompassing or
meant to restrict evaluation in any way, but to provide context before additional detail is provided in
later sections. Research to determine attribution occurs to allow for a better understanding of the net
level of savings.

Relevant Definitions:

Concept Term Definition
Any consumer who was eligible but did not participate in the
subject efficiency program, in a given program year.
A consumer that received a service offered through the subject
efficiency program, in a given program year; also called
program participant. The term “service” is used in this
Consumers definition to suggest that the service can be a wide variety of
Participant inducements, including financial rebates, technical assistance,
product installations, training, energy efficiency information or
other services, items, or conditions. Each evaluation plan
should define “participant” as it applies to the specific
evaluation.
The change in energy consumption and/or demand that results
directly from program-related actions taken by participants in
an energy efficiency program, regardless of why they
participated.

Nonparticipant

Impacts Gross Impacts

1516 A probabilistic statement is not the same as the confidence and precision information calculated based on

sampling theory.
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Concept Term Definition
The change in energy consumption and/or demand that is
attributable to a particular energy efficiency program. This
change in energy use and/or demand may include, implicitly or
licitl i i ff h as fi i hi
Net Impacts explicitly, consideration of factors such as free ridership,

Net-to-Gross

Ratio
Attribution
of Impacts
Free Rider
Spillover
Market
Markets

Market Effects

participant and nonparticipant spillover, and induced market
effects. These factors may be considered in how a baseline is
defined (e.g., common practice) and/or in adjustments to gross
savings values.

A factor representing net program savings divided by gross
program savings that is applied to gross program impacts to
convert them into net program impacts. The factor itself may
be made up of a variety of factors that create differences
between gross and net savings, commonly including free riders
and spillover. The factor can be estimated and applied
separately to either energy or demand savings.

A program participant who would have implemented the
program’s measure(s) or practice(s) in the absence of the
program. Free riders can be (1) total, in which the participant’s
activity would have completely replicated the program
measure; (2) partial, in which the participant’s activity would
have partially replicated the program measure; or (3) deferred,
in which the participant’s activity would have partially or
completely replicated the program measure, but at a future
time.

Reductions in energy consumption and/or demand caused by
the presence of an energy efficiency program, beyond the
program-claimed gross savings of the participants. There can
be participant and/or nonparticipant spillover. Participant
spillover is the additional energy savings that occur as a result
of the program’s influence when a program participant
independently installs incremental energy efficiency measures
or applies energy-saving practices after having participated in
the energy efficiency program. Nonparticipant spillover refers
to energy savings that occur when a program nonparticipant
installs energy efficiency measures or applies energy savings
practices as a result of a program’s influence.

The commercial activity (e.g., manufacturing, distributing,
buying, and selling) associated with products and services that
affect energy use.

A change in the structure of a market or the behavior of
participants in a market that is reflective of an increase (or
decrease) in the adoption of energy efficient products,
services, or practices and is causally related to market
interventions (e.g., programs). Examples of market effects
include increased levels of awareness of energy efficient
technologies among customers and suppliers, increased
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Concept Term Definition

availability of energy efficient technologies through retail
channels, reduced prices for energy efficient models, build out
of energy efficient model lines, and—the end goal— increased
market share for energy efficient goods, services, and design
practices.
An analysis that provides an assessment of how and how well a
specific market or market segment is functioning with respect
to the definition of well-functioning markets or with respect to
other specific policy objectives. A market assessment generally
includes a characterization or description of the specific
market or market segments, including a description of the
types and number of buyers and sellers in the market, the key
actors that influence the market, the type and number of
transactions that occur on an annual basis, and the extent to
Market which market participants consider energy efficiency an
Assessment important part of these transactions. This analysis may also
include an assessment of whether a market has been
sufficiently transformed to justify a reduction or elimination of
specific program interventions. Market assessment can be
blended with strategic planning analysis to produce
recommended program designs or budgets. One particular
kind of market assessment effort is a baseline study, or the
characterization of a market before the commencement of a
specific intervention in the market for the purpose of guiding
the intervention and/or assessing its effectiveness later.
Source: Derived from State and Local Energy Efficiency Action Network. 2012. Energy Efficiency Program Impact
Evaluation Guide. Prepared by Steven R. Schiller, Schiller Consulting, Inc., www.seeaction.energy.gov.
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lll.  Attribution within the Commercial, Industrial, and Public Sectors

Over thirty programs across a number of types of Commercial, Industrial, or Public Sector programs are
expected to be offered in Illinois in electric program year 8 (EPY8) and gas program year 5 (GPY5) (i.e.,
June 2015 — May 2016). The evaluation team has worked partially through the NTG method for the
Commercial & Industrial (C&I) and Public Sector Standard/Prescriptive and Custom programs. Future
updates to this document will include a full NTG method for these programs as well as other programs.

A. Standard/Prescriptive and Custom Programs

All C&I and Public Sector Standard/Prescriptive and Custom programs offered in lllinois in GPY5/EPY8
are similar enough in scope and implementation to fall under the consistent methods outlined in this
section. The detail drafted below documents agreements reached by the evaluation teams through
approximately 10 hours of discussion spread out over five meetings which began in October 2014 and
continued through early January 2015. Additionally, evaluators spent considerable amount of time prior
to official meetings delving into NTG details. Consensus reached so far pertains to the self-report
approach and is documented below.

1. Free Ridership

There have been several core agreements reached by the evaluation teams. These agreements should
reduce potential methodological differences employed by different evaluation contractors. Each is
bulleted below.

e Multiple Questions: Evaluators will use program participant responses to multiple survey questions
as inputs to the free ridership calculation algorithm. Evaluators will not use the response to a single
guestion to establish a survey respondent as either a complete free rider or a complete non-free
rider.

e Program and Non-Program Factors: Evaluators will administer survey questions to obtain
respondent ratings on a numeric scale of the impact, influence, or importance on the decision to
implement energy efficiency measures or take energy efficiency actions. A series of questions will
focus on factors that the evaluator determines are a function of the program. Such program factors
may, for instance, include availability of the program incentive, technical assistance from program
staff, program staff recommendations, program-administrator marketing materials, and
endorsement or recommendation by utility account manager or program partner staff. Previous
experience with the program is not a program factor for purposes of obtaining respondent ratings of
program impact, influence, or importance on the decision to implement energy efficiency measures.
Evaluators will also administer a series of questions to obtain respondent ratings on a numeric scale
of the impact, influence, or importance on the decision to implement energy efficiency measures or
factors that the evaluator determines are not a function of the program. Such non-program factors
may include, for example, age or condition of existing equipment, previous experience with the
measure, standard business or industry practice, and organizational policy or guidelines.

e Mediation of Numeric Scales: Evaluators will administer survey questions referencing numeric
scoring scales for the purpose of quantifying free ridership. The numeric scales shall be based upon
11 points ranging from 0 to 10. Survey respondent numeric scores obtained from the administration
of these questions will serve as inputs to the applied free ridership calculation algorithm. In
calculating free ridership, survey respondent numeric scores may be mediated by other algorithmic
components.
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e Vendor Recommendations: Equipment vendor or contractor recommendations may also be a
program factor to the extent that such recommendation is a function of the program. The evaluator
may administer survey questions to vendors or contractors to verify their involvement with
participant projects and to obtain respondent ratings — on a numeric scale — of the impact,
influence, or importance of the program on the decision to recommend the energy efficiency
measure(s) to the program participant.

e Counterposing Program and Non-Program Factors: Evaluators will administer a survey question
that asks respondents to quantify the impact, influence, or importance on the decision to
implement energy efficiency measures of factors that the evaluator determines are a function of the
program relative to factors that the evaluator determines are not a function of the program.

o Likelihood to Implement: Evaluators will administer a survey question to obtain respondent ratings
on a numeric scale of the likelihood of the respondent, in the absence of the program, to implement
specified energy efficiency measures. The evaluator may administer questions to collect respondent
self-report data regarding the respondent course of action, in the absence of the program, relating
to the likelihood and timing of implementation, project scope, and measure characteristics.

e Consistency Checks: Evaluators should administer survey questions as checks on the consistency of
responses associated with a core free ridership assessment methodology. Evaluators may also
reference available data, including consistency check data, to perform documented modifications to
individual free ridership estimates resulting from the application of a core free ridership assessment
methodology.

The survey questions referenced above constitute basic guidelines for evaluators to use in the
development and application of a core free ridership assessment methodology — these survey questions
are not all encompassing and other survey questions may be asked by evaluators.

a) Scoring Algorithm

The evaluation teams have not yet reached agreement on the specific algorithm to use. There have been
thoughtful discussions around the status quo algorithms, multiplying specific inputs rather than
averaging them, and including partial free ridership through a very different approach of time-varying
free ridership values™"’.

The evaluation teams will continue discussions in 2015 with the intent of using future evaluations to
pilot the algorithms.

2. Spillover

Spillover has not yet been discussed by the evaluation teams in terms of reaching consensus on spillover
methods. Future methods will be informed by current spillover study results.

1517 \Within time-varying free ridership, free ridership may vary over the course of measure life due to respondents’

self-reported timing of implementing actions under the counterfactual scenario (i.e., absence of the program).
Free ridership may also vary based on project scope and measure characteristics associated with respondents’ self-
reported actions under the counterfactual no-program scenario. As stated above, evaluators may, on a pilot basis,
separately calculate the free ridership rate applicable to annualized first year gross energy savings and the free
ridership rate applicable to gross energy savings occurring over the lifetime of implemented measures.
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IV. Attribution within the Residential and Low Income Sectors

Over 30 programs across a number of types of Residential programs are expected to be offered in lllinois
in EPY8/GPYS5 (i.e., June 2015 — May 2016). The evaluation team has worked partially through the NTG
method for Appliance Recycling programs and Residential Upstream Lighting programs. Future updates
to this document will include a full NTG method for these programs as well as other programs.

A. Appliance Recycling Programs

Appliance recycling programs (ARPs) typically offer some mix of incentives and free pickups for the
removal of old-but-operable refrigerators, freezers, or room air conditioners. These programs encourage
consumers to undertake the following:

e Discontinue use of secondary or inefficient appliances;

e Relinquish appliances previously used as primary units upon their replacement (rather than keeping
the old appliance as a secondary unit); and

e Prevent the continued use of old appliances in other households through direct transfers (i.e., giving
it away or selling it) or indirect transfers (resale in the used appliance market).

As the program theory and logic for appliance recycling differ significantly from standard “downstream”
incentive programs (which typically offer rebates for purchases of efficient products), the free ridership
estimation approach also significantly differs.

There are basic and enhanced methods described next.
Basic Method
1. Free Ridership

Free ridership is based on participants’ anticipated plans had the program not been available, thus
classifying a free rider as a participant who would have removed the unit from service regardless of the
program.

Estimating net savings for ARPs should adopt a multistep process to segment participants into different
groups, each with specific attributable savings.

In general, independent of program intervention, participating appliances would have been subject to
one of the following options:

1. The appliance would have been kept by the participating household.

2. The appliance would have been discarded in a way that transfers the unit to another customer for
continued use.

3. The appliance would have been discarded in a way that would have permanently removed the
unit from service.

Only Option 3 constitutes free ridership (the proportion of units that would have been taken off the grid
absent the program). Options 1 and 2 both indicate non-free riders. However, these respondents need
to be further classified to account for potential induced replacement and secondary market impacts,
both described below.
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a) Data Collection

A participant survey—drawn from a random sample of participants—will serve as the primary source of
data collected for estimating NTG for the ARP. To determine the percentage of participants in each of
the three options, evaluators will begin by asking surveyed participants about the likely fate of their
recycled appliance had it not been decommissioned through the program. Responses provided by
participants generally can be categorized as follows:

1. Kept the appliance.

2. Sold the appliance to a private party (either an acquaintance or through a posted advertisement).
3. Sold or gave the appliance to a used-appliance dealer.

4. Gave the appliance to a private party, such as a friend or neighbor.

5. Gave the appliance to a charity organization, such as Goodwill Industries or a church.

6. Had the appliance removed by the dealer from whom the new or replacement appliance was
obtained.

7. Hauled the appliance to a landfill or recycling center.

8. Hired someone else to haul the appliance away for junking, dumping, or recycling.
Additional, follow-up questions will be included to validate the viability of all responses.
Next evaluators will assess whether each participant’s final response indicates free ridership.

e Some final responses clearly indicate free ridership, such as: “l would have taken it to the landfill or
recycling center myself.”

e Other responses clearly indicate no free ridership, as when the appliance would have remained
active within the participating home (“l would have kept it and continued to use it”) or used
elsewhere within the utility’s service territory (“I would have given it to a family member, neighbor,
or friend to use”).

If the respondent planned to have the unit picked up by the retailer and the retailer would likely resell
the unit in the secondary market, they are not a free rider. Absent retailer survey primary research
described in the Enhanced Options below, the evaluators will utilize data from the most recent research
conducted of the ComEd program to determine the proportion of free riders unless another metric is
mutually agreed upon by the evaluators™*,

1518 Note that such retailer interviews are being conducted annually for the ComEd ARP evaluation, and answers

are used directly in the calculation of the NTG ratio in cases where: (1) the respondent planned to have the unit
picked up by the retailer; and (2) the retailer was interviewed.
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2. Secondary Market Impacts

In the event that the unit would have been transferred to another household (Option 2 above), the
guestion then becomes what purchasing decisions are made by the would-be acquirers of participating
units now that these units are unavailable. These would-be acquirers could:

1. Not purchase/acquire another unit.
2. Purchase/acquire another used unit.

Adjustments to savings based on these factors are referred to as the program’s secondary market
impacts.

If it is determined that the participant would have directly or indirectly (through a market actor)
transferred the unit to another customer on the grid, the next question addresses what that potential
acquirer did because that unit was unavailable. There are three possibilities:

A. None of the would-be acquirers would find another unit. That is, program participation would
result in a one-for-one reduction in the total number of appliances operating on the grid. In this
case, the total energy consumption of avoided transfers (participating appliances that otherwise
would have been used by another customer) should be credited as savings to the program. This
position is consistent with the theory that participating appliances are essentially convenience
goods for would-be acquirers. (That is, the potential acquirer would have accepted the appliance
had it been readily available, but because the appliance was not a necessity, the potential acquirer
would not seek out an alternate unit.)

B. All of the would-be acquirers would find another unit. Thus, program participation has no effect
on the total number of appliances operating on the grid. This position is consistent with the notion
that participating appliances are necessities and that customers will always seek alternative units
when participating appliances are unavailable.

C. Some of the would-be acquirers would find another unit, while others would not. This possibility
reflects the awareness that some acquirers were in the market for an appliance and would acquire
another unit, while others were not (and would only have taken the unit opportunistically).

The evaluators will assume Possibility C unless primary research within a utility’s service territory to
assess the secondary appliance market is undertaken as described in the Enhanced Options below.
Specifically, evaluators will assume that half (0.5, the midpoint of Possibilities A and B) of the would-be
acquirers of avoided transfers found an alternate unit.

Once the proportion of would-be acquirers who are assumed to find alternate units is determined, the
next question is whether the alternate unit was likely to be another used appliance (similar to those
recycled through the program) or, with fewer used appliances presumably available in the market due
to program activity, would the customer acquire a new standard-efficiency unit instead.

Again, unless primary research is undertaken as described in the Enhanced Options below for an
assessment of the appliance market, evaluators will apply a midpoint approach assuming half (0.5) of
the would-be acquirers of program units would find a similar, used appliance and half (0.5) would
acquire a new, standard-efficiency unit.
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3. Induced Replacement

If, however, the unit would have been kept by the participating household, the next question is whether
the appliance was replaced and, if so, whether the household would have replaced the appliance
regardless of the program.

The purchase of a refrigerator in conjunction with program participation does not necessarily indicate
induced replacement. (The refrigerator market is continuously replacing older refrigerators with new
units, independent of any programmatic effects.) However, if a customer would have not purchased the
replacement unit (put another appliance on the grid) in the absence of the program, the net program
savings should reflect this fact. This is, in effect, akin to negative spillover and will be used to adjust net
program savings downward.

Estimating the proportion of households induced to replace their appliance should be done through
participant surveys. As an example, participants could be asked, “Would you have purchased your
replacement refrigerator if the recycling program had not been offered?”

Because an incentive ranging from $35 to $50 is unlikely to be sufficient motivation for purchasing an
otherwise-unplanned replacement unit (which can cost $500 to $2,000), it is critical that evaluators
include a follow-up question. That question should confirm the participants’ assertions that the program
alone caused them to replace their refrigerator. For example, participants could be asked, “Let me be
sure | understand correctly. Are you saying that you chose to purchase a new appliance because of the
appliance recycling program, or are you saying that you would have purchased the new appliance
regardless of the program?”

When assessing participant survey responses to calculate induced replacement, evaluators will consider
the appliance recycled through the program, as well as the participant’s stated intentions in the absence
of the program. For example, if customers indicate they would have discarded their primary refrigerator
independent of the program, it is not possible that the replacement was induced (because it is
extremely unlikely the participant would live without a primary refrigerator). Induced replacement is a
viable response for all other usage types and stated intention combinations.

As one might expect, previous evaluations have shown the number of induced replacements to be
considerably smaller than the number of naturally occurring replacements unrelated to the program.
Once the number of induced replacements is determined, this information is combined with the energy
consumption replacement appliance to determine the total energy consumption induced by the
program (on a per-unit basis).
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4. Integrating Free Ridership, Secondary Market Impacts, and Induced Replacement

The flow chart shown in Figure 1 illustrates how net savings will be derived for an ARP. As shown, below,
expected savings fall into four different scenarios.

Figure 1. Appliance Retirement Scenarios

FRIDGE OR FREEZER
Plans in Absence of Program

Was Planning to
Keep Unit

Was Planning to
Remove Unit

v

Haul to Hire
Dump Someone
to Discard

Provide to
Retailer

Keep as
Primary or
Secondary with
Replacement

Keep Old Give
Unit as Away/Sell
Secondary to Other

ANTICIPATION PLAN

Yes Induced No Induced Retailers Retailers

Replacement

SCENARIO A

Delta from
Old to New

EXPECTED NET
SAVINGS

Replacement

SCENARIO B

Full Savings
as Secondary
Unit

Would Resell

SCENARIO C

Assume ¥z Full Saving,
Vs Delta from Old to
New % 0 Savings

Would Recycle

SCENARIO D

No Savings
(Freerider)

Source: Adapted from the Pennsylvania Statewide Evaluator Common Approach for Measuring Net Savings for

Appliance Retirement Programs, Guidance Memo-026, March 14, 2014.

a) Scoring Algorithm

Net savings will be assigned individually to each respondent, based on responses provided to the
questions discussed above. Net savings will be averaged across all respondents to calculate program-
level net savings. The following equation will be used:

FR = (free ridership and secondary market impacts % — induced replacement %)
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Table 2 demonstrates the proportion of a sample population classified into each of the seven potential
categories and the resulting weighted net savings.

Table 2. Net Savings Example for a Sample Population*

UEC UEC
Primary Secondary Tertiary Population (kwWh) (kwWh) kWh
Classification Classification Classification (%) w/out w/ Savings
Program | Program
Scenario A: Non-ES unit 3% 1,026 520 506
Kept but
Induced ES unit 2% 1,026 404 622
Would have Replacement
kept unit Scenario B:
Kept but NO N/A 25% 1,026 0 1,02
Induced

Replacement
Retailer would

12.5% 0 0 0
Recycle
Scenario C: Retailer would 12.5% 1,026 520 506
Transferred Resell
Would have No
removed unit 25% 1,026 0 1,026
Replacement
Scenario D:
Removed from N/A 20% 0 0 0
Service
Net Savings (kWh) 604

*The percent values presented in this table serve only as examples; actual research should be conducted to
determine the percentage of units falling into each of these categories. Note that Unit Energy Consumption (UEC)
values presented in the table represent example values, factoring in part-use.

Enhanced Method

Results can be enhanced by including three additional research efforts. The basic method has defaults
where primary research on enhanced approaches cannot be performed:

1.

A retailer survey, to determine the quantity and/or proportion of units returned to a retailer, and
that the retailer would deconstruct or recycle. Through this survey, one would determine a retailer’s
criteria for reselling used units vs. deconstructing them, based on unit age and condition. Results
from the survey and analysis would be used to determine the proportion of those who would have
returned an old appliance to the retailer that should be included in Scenario D (free riders). This
research was conducted for ComEd in EPY6 evaluation and those results were applied to Ameren.
An appliance market assessment study, to determine the size of the secondary appliance market
and whether removal of participating units from the market would cause an otherwise would-be
receiver to purchase an alternative used or new unit. Savings attributable to these participants are
the most difficult to estimate, as the scenario attempts to estimate what the prospective buyer of a
used appliance would do in the absence of finding a program-recycled unit in the marketplace (i.e.,
the program took the unit off the grid, so the prospective purchaser faced, in theory, a smaller
supply of used appliances). It is difficult to answer this question with certainty, absent utility-specific
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information regarding the change in the total number of appliances (overall and used appliances
specifically) that were active before and after program implementation. In some cases outside of
Illinois, evaluators have conducted in-depth market research to estimate both the program’s impact
on the secondary market and the appropriate attribution of savings for this scenario. Although these
studies are imperfect, they can provide utility-specific information related to the program’s net
energy impact. Where feasible, evaluators and utilities should design and implement such an
approach. Unfortunately, this type of research tends to be cost-prohibitive, or the necessary data
may simply be unavailable.

3. However, it is possible to estimate through nonparticipant surveys which of the disposal responses
given by nonparticipants were most likely to have been to an opportunistic would-be-acquirer.
Transfers would most likely have been opportunistic are determined primarily based on the cost to
the recipient. If the appliance was sold or transferred to a retailer, there would have been a cost to
the recipient of that appliance. If the recipient was willing to pay for the appliance or was willing to
exert the effort to visit a retail location, this suggests the recipient was actively seeking an appliance.
However, if the unit were given away for free there was little cost to the recipient and is a
reasonable proxy for the proportion of opportunistic acquirers. This proportion would replace the
50% default assumption (scenario C in Figure 1) of would-be-acquirers that would or would not find
an alternate unit.

4. A nonparticipant survey can be used to assess how nonparticipants acquire and dispose of used
units. As nonparticipants do not have the same perceived response bias as participants, they can
help offset some of this potential bias in estimating the true proportion of the population that
would have recycled their units in program’s absence. The evaluators will average the results of the
nonparticipant survey with the participant survey if the nonparticipant survey is of sufficient sample
size. Otherwise, results may be used for a qualitative characterization of potential bias. Though
recommended, use of a nonparticipant survey need not be required, given budget and time
considerations. A nonparticipant survey was completed as part of ComEd’s EPY6 evaluation and
used qualitatively to validate participant results.

5. Participant Spillover

Unlike many programs, recycling programs face reduced opportunities for spillover due to the lack of
general energy education and the small likelihood of participants having further units to recycle on their
own. This program could directly impact decisions to replace refrigerators or freezers with ENERGY STAR
units rather than standard efficiency units, given that the program offers marketing and education
related to the operating costs of refrigerators and freezers. Reliable methods of conducting this analysis
have yet to be developed. One attempted method compared proportions of ENERGY STAR appliances
replaced by program participants to proportions of ENERGY STAR new appliance shipments in a similar
area. Due to the difficulty in isolating the shipment area to the program area, this has not yielded
noticeable spillover in Illinois.

6. Nonparticipant Spillover

The specific approach and method for measuring spillover has not yet been discussed by the evaluation
teams to reach a consensus. However, effective program marketing and outreach generates program
participation and increases general energy-efficiency awareness among customers. The cumulative
effect of sustained utility program marketing (which often occurs concurrently for multiple programs)
can affect customers’ perceptions of their energy usage and, in some cases, motivates customers to take
efficiency actions outside of the utility’s program. This phenomenon—called nonparticipant spillover
(NPSO)—results in energy savings. Marketing of the Appliance Recycling program specifically may induce
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nonparticipants to either reduce the use of the secondary refrigerator or freezer that they keep, or
when they are purchasing a new refrigerator or freezer, to buy one that is more energy efficient.

B. Residential Upstream Lighting Programs

The lllinois Residential Upstream Lighting programs to date have provided discounts on efficient lighting
through retailers at the point of purchase. Such programs often remain transparent to customers
purchasing incentivized lighting. Program administrators also do not know the identity of most
customers purchasing the program-discounted lighting; so these customers cannot easily be contacted
once they leave the store for a traditional self-report net-to-gross (NTG) evaluation survey (i.e., an after-
the-fact, direct solicitation of customers regarding what they would have done in the program’s
absence). Similar surveys can be conducted with customers within program retailers after they have
made their lighting purchasing decision but before they leave the store. For programs such as this, in
store customer surveys are preferable to the traditional self-report telephone surveys that ask
customers to recall their past light bulb purchases. Light bulbs are a small and relatively insignificant
purchase for most people thus the recall bias could be substantial.

Further, as upstream programs work with multiple market actors and can include wide-reaching
marketing campaigns promoting energy efficiency to the general public, they tend to stimulate spillover
and “market effects.” As a result, estimating NTG for upstream residential lighting programs can be
challenging. Multiple methods exist, each with their own strengths and weaknesses.

Ameren and ComEd implement their residential lighting programs comparably, and the evaluation
teams have used a consistent primary NTG evaluation method. This section details the consensus NTG
methodology, which has been used multiple times for both ComEd and Ameren and is considered the
most well-vetted and defensible NTG method that has been successfully used in lllinois.

For EPY5 and EPY6, Ameren and ComEd used a customer self-report methodology to estimate NTG for
their upstream residential lighting programs.™'® Customer self-report data in this method are collected
during surveys conducted within program retailers with customers purchasing program bulbs (i.e., in-
store intercept surveys). This method separately estimates free ridership, participant spillover, and
nonparticipant spillover. Details follow on the primary data collection and scoring algorithms.

1. Free Ridership

Free ridership is the proportion of program bulbs that would have been purchased if the program did
not exist. Three alternative scenarios could occur:

1. Full Free Rider: The customer would have purchased the same quantity of efficient bulbs (CFLs or
LEDs) in the program’s absence.

2. Partial Free Rider: The customer would have purchased fewer efficient bulbs (CFLs or LEDs) in the
program’s absence.

3. Non-Free Rider: The customer would have not purchased any efficient bulbs (CFLs or LEDs) in the
program’s absence.

1519 comEd has used this method since EPY2. Ameren began using it in EPY5.
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Free ridership is calculated as the average of two distinct scores: a program influence score and a non-
program score. These scores are defined as follows:

1. The program influence score captures the maximum level of program influence, reported by a
survey respondent, of the residential lighting program on their decisions to purchase program
bulbs on the day of the survey. This program influence can take a number of forms, such as: the
monetary incentive provided to decrease the cost of high-efficiency bulbs; program-sponsored
educational materials that explain the benefits of efficient lighting; in-store product placement of
efficient bulbs; and program bulb recommendations provided by retail store personnel.

2. The non-program score is used to estimate how many program bulbs a survey respondent would
have purchased in the absence of the residential lighting program.

a) Data Collection

To estimate free ridership, the evaluation teams will conduct in-store intercept surveys with customers
purchasing program-discounted lighting at participating retailers. Customers are asked questions that
are used to estimate a program influence score and a non-program score for each customer and
efficient bulb type purchased.

Primary Program Influence Score Questions

Light bulb purchasing plans for current shopping trip (Yes/No)
If planning to purchase bulbs:
a. Bulb type (CFL, LED, Incandescent, Halogen)
b. Utility-incentivized bulbs (Yes/No)
3. Influence of various program factors:
a. Program incentive
b. In-store information (printed materials or information from utility representatives or retail
personnel)
c. Positioning of discounted bulbs within the store

Primary Non-Program Score Questions

1. Stated preference of light bulb purchases had the utility incentive not been available (purchase all,
some or none of efficient bulbs)
2. Quantity of light bulbs purchased absent the utility incentive

b) Scoring Algorithms

Using the data collected from program participants during the in-store intercept surveys, program
influence and non-program scores are calculated for each survey respondent and then combined to
estimate a respondent-specific free ridership score.

Calculation of the Program Influence Score:
Survey respondents purchasing one or more program-discounted bulbs are assigned a preliminary
program influence score based on the maximum program influence level (on a 0 to 10 scale) they
assigned to one or more program factors (e.g., monetary incentive/informational materials (printed or
from store personnel)/product positioning). The influence level assigned to the monetary incentive
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should be increased for survey respondents (using a linear decreasing function®**°) who indicated that

absent the incentive they would not have purchased any of the program bulbs they were purchasing
that day.

After the preliminary program influence score is assigned, a secondary algorithm is run that adjusts the
preliminary program influence based on survey data regarding the customers purchasing plans when
they entered the store. Survey respondents who indicate they planned to purchase high-efficiency bulbs
prior to entering the store and had who not come to the store specifically to buy utility-incentivized
program bulbs, should have their program influence score cut in half. This adjustment makes the final
program influence score reflective of their stated planned intention to purchase efficient bulbs in the
program’s absence.

Calculation of the Non-Program Score:

The non-program score is based on whether a respondent states they would have purchased all, some,
or none of the program-discounted bulbs in the absence of utility incentives. Respondents reporting
they would have purchased all of the efficient bulbs without the incentive should be considered free
riders and receive a non-program score of zero. Those reporting they would have purchased none of the
efficient bulbs without the incentives should be classified as non-free riders and receive a non-program
score of 10, the maximum. Respondents reporting they would have purchased some of the efficient
bulbs without the incentive should be assigned a non-program score between 0 and 10, reflective of the
percentage of efficient bulbs they would not have purchased absent the program.

Respondents reporting they would have purchased all of the program-discounted bulbs in the program’s
absence, but in-store materials provided by the utility had a moderate to high influence on their
decision should have their non-program scores adjusted to equal the level of influence they attributed
to these program-sponsored informational materials.

Calculation of Free Ridership:
Free Ridership = 1 — (Program Influence Score + Non-Program Score)/20

Using the calculated program influence and non-program scores, free ridership is calculated as one
minus the sum of the two scores (program influence score plus non-program score), divided by 20.
Dividing the sum of scores by 20 results in a ratio (between 0 and 1) that is representative of the
average of the two zero to 10 scores. Subtracting this ratio from one reverses the score, thus
representing the free ridership level. If either the non-program or program influence scores are missing,
free ridership can be calculated using the single available score divided by 10. Evaluators may also
reference available data to perform documented modifications to individual free ridership estimates
resulting from the application of a core free ridership assessment methodology.

1520 The function, adjusted monetary score = (monetary score + 10)/2, increases the monetary score using a

decreasing linear function. This function results in an increase in the monetary influence score of between 0 and 5
points depending on their original monetary score (i.e., an original score of 0 would become a 5, a 5 would become
a 7.5, and a 10 would remain a 10. In past lllinois evaluations, this adjustment has typically changed less than 10%
of all monetary scores.
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2. Participant Spillover

Participant spillover results from purchases of non-discounted efficient bulbs by program bulb
purchasers who are influenced by their participation in the residential lighting program to purchase
additional non-discounted efficient bulbs.

a) Data Collection

Data collected during in-store intercept surveys with customers purchasing program bulbs should be
used to estimate participant spillover. During these surveys, customers purchasing program-discounted
and non-discounted efficient bulbs should be asked questions to determine whether the residential
lighting program influenced their purchases of non-discounted efficient bulbs.

b) Scoring Algorithm

To estimate participant spillover, the number of program-influenced, non-discounted efficient bulbs
purchased by program participants is divided by the total number of program bulbs purchased by these
program participants. This results in the participant spillover rate.

3. Nonparticipant Spillover

Nonparticipant spillover results from purchases of non-discounted efficient bulbs by customers who are
not purchasing program-discounted bulbs, but report that the residential lighting program influenced
their decision to purchase non-discounted efficient bulbs.

a) Data Collection

Data collected during in-store intercept surveys with customers purchasing efficient bulbs not
discounted by the program should be used to estimate nonparticipant spillover. During these surveys,
customers purchasing non-discounted efficient bulbs should be asked questions to determine whether
the residential lighting program influenced their purchases of non-discounted efficient bulbs.

b) Scoring Algorithm

To estimate nonparticipant spillover, one must first calculate the number of program-influenced, non-
discounted efficient bulbs purchased by the population of program nonparticipants surveyed. This yields
a survey nonparticipant spillover rate. This rate is then extrapolated to the estimated population of
nonparticipating utility customers to determine the estimated total quantity of non-program efficient
bulbs being purchased within the utility service territory. Dividing this result by the total number of
program bulbs results in the nonparticipant spillover rate.

4. Method Advantages and Disadvantages
The in-store intercept method described above has certain advantages and disadvantages.

Advantages: This approach catches customers at their point of purchase, before they leave the store
and can no longer be contacted directly. Given the interview’s timing, customers can more easily recall
price factors leading to their purchase choices. Also, as customers are intercepted at the store rather
than surveyed by telephone, a higher cooperation rate results.

Disadvantages: Customers may not fully connect the impact that in-store education, product
placement, and advertising have on their decision making. While many consumers believe they are not
influenced by advertising, retailers know advertising and product placement work. Further, store
intercepts typically must be coordinated with education events, and many retailers do not allow
interviews to take place in their stores. Consequently, results are not based on random samples of
customers purchasing program-discounted lighting throughout the year and across all participating
retailers, which could bias the results.
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Appendix A: Overview of NTG Methods

The evaluation teams present information in this appendix to provide a relatively quick overview of NTG
methods for readers unaccustomed to the possible methods that evaluators may deploy. It is not meant
to be a complete or deep discussion about each of the methods presented. However, the evaluators in
Illinois considered the inclusion of this appendix to be very important in acknowledging the current suite
of methods deployed by evaluators throughout the U.S. and giving a framework for work within lllinois.

Much of the information shown below is taken directly from a single source — the national Uniform
Methods Project, Chapter 17: Estimating Net Savings: Common Practices. (Violette and Rathbun, 2014)
This document has done a nice job of summarizing the eight most common attribution methods
currently in use across the U.S. The evaluation teams recommend that readers go first to this reference
for further information. Additionally, while there are slightly over 100 references within the Violette and
Rathbun document, other non-duplicative references are included where reasonable as additional
resources for those interested in further research into any specific method.

A. Survey-Based Approaches

Virtually all [llinois based evaluations use a survey-based approach for programs where primary data is
used to determine net savings. (The main exception is for Behavioral programs which use statistical
analysis based on a randomized control trial program design.) Survey based approaches obtain data
from program participants and nonparticipants using a structured data collection instrument
implemented via phone, in person or on-line. At times, evaluators create and use an unstructured
depth-interview guide to collect information about attribution and this provides both contextual data
and quantitative data about a given project.

1. Self-Report Approach

The self-report approach relies on the abilities of customers to discuss the program influence as well as
the somewhat abstract ideas of the counterfactual (i.e., what would have occurred absent the program)
after making a choice to purchase an energy efficient item or take an energy efficient action unrelated
to a purchase. For program participants, this could include doing nothing (i.e., leaving the existing
equipment as-is), installing the same energy efficient equipment as they did through the program, or an
intermediate step of installing equipment that is more efficient than what they had in place previously,
but less efficient than what they installed through the program . Evaluators also use this approach when
collecting information from trade allies or distributors. This self-report approach is not new, nor is it
exclusively used by the energy efficiency industry. An important attribute of this approach is its reliance
on well-designed and fielded survey questions, so that the data underlying subsequent analyses are
accurate and complete.

The output of this approach is a NTG ratio which can be considered an index of the program’s influence
on the decision to install energy efficient equipment. The NTG ratio is applied to gross savings in order
to obtain an estimate of net savings. The NTG ratio may include free ridership, spillover, or market
effects, depending on the survey and analytical design. NTG ratios may be calculated at the measure,
suite of measures, or program level and are typically average values weighted by savings. If sufficient
information is available, analysis of NTG ratios among certain customer segments may be done to
further inform changes to program design.
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References

e Sudman, 1996

e Stone, et al., 2000

e Bradburn, et al., 2004

2. Econometric/Revealed Preference Approach

The econometric/revealed preference approach, while still considered a survey approach due to how
data is collected, moves beyond asking people about the counterfactual and instead uses the
observations of the evaluator to collect information for analysis of a NTG ratio. Within this approach,
evaluators typically deploy similar sampling designs as for the self-report approach to collect data, but
actively gather what a person is doing (i.e., what is being purchased in a store) to determine attribution.

B. Randomized Control Trials (RCT) and Quasi-Experimental Designs

As mentioned earlier, evaluators deploy an RCT for estimating savings from the Behavioral programs
within lllinois. Additionally, quasi-experimental designs (QED) have been used in the past in lllinois to
estimate net savings from the upstream CFL program, and CFL, insulation and air sealing measures
within the Home Performance with Energy Star program.

RCT and QED use statistical analysis to determine regularities within the data that reveal net savings due
to a program intervention™!. The analytical design attempts to control for factors that can confound
net analysis.’>** When estimating net savings within both an RCT and QED, two groups are included
within the analysis: 1) a group that has been exposed to (i.e., treated by) a program and 2) a group that
has not been exposed to the program. Evaluators must carefully consider the choice of the non-exposed
group (called a control group for RCTs or comparison group for QEDs).

RCT — This design must be integral to a program’s implementation. Without the ability to randomly
assign customers to one group or another (or at least randomly encourage customers to participate in a
program), the ability of the design to yield unambiguous estimates of net impacts is compromised.
Evaluators often help design how a program is implemented and, if not involved at the outset, carefully
review choices made by the implementation team.

QED — A QED may be designed after a program has been implemented. It relies on determination of an
equivalent comparison group, which is often chosen based on energy use. QED is difficult to perform
well within the commercial sector due to the heterogeneity of end uses within the sector.

The output of an RCT or QED is the average net savings for the population within the statistical model.
Evaluators may also analyze the data to help understand the savings within specific known segments if
sufficient information and data points are available.

References
e Mohr, 1995
e Shadish, Cook, Campbell, 2002

1521 . .
Net savings are calculated when a comparison or control group of non-treated customers are part of the

design. Statistical analyses can also obtain gross savings.

1522 Economists strongly support this approach, but among program evaluators, the idea that an RCT is a “gold

standard” for attribution research has been hotly debated for decades.
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e Scriven, 2008
e Donaldson, 2009

C. Deemed or Stipulated NTG Ratios

A deemed (or stipulated) NTG ratio is a value known prior to implementing a program and applied to
estimate net savings for that program in a certain year.

Deemed or stipulated NTG ratios may be based on previous primary data collection, review of secondary
data, or agreed to among stakeholders. In lllinois, deemed or stipulated NTG ratios should reflect best
estimates of likely future actual NTG ratios for the relevant program year, taking into consideration
stakeholder input, the evaluator’s expertise, and the best and most up-to-date information.

D. Common Practice Baseline Approaches

For this method, the evaluation team estimates what a typical consumer would have done at the time of
the project implementation. Essentially, what is “commonly done” becomes the basis for baseline
energy consumption and calculation of net savings. No gross impacts are calculated in this approach.
This baseline is defined as the counterfactual “i.e., what would have occurred absent the program” and
has been referred to as current practice, common practice or industry standard practice. Evaluators
determine these practices through multiple methods, but often can be from self-report or on-site audits.
The difference between the energy use of measures installed in the program and the energy use
associated with current practice is considered by some to be sufficiently close to the net savings.

This approach is not in use in lllinois, but is used elsewhere in the country such as the Pacific Northwest
and Delaware.

E. Market Analyses

Market analyses can be done in several ways. Market analyses are often used in theory-driven
evaluations of market transformation programs.

Other non-sales data market analyses can be postulated on changes specified in program logic such as:
1) changes in the number of energy efficient units manufactured, 2) changes in market actor behavior
around promotion or stocking of energy efficient items, or 3) reduction in prices. The analyses involving
non-sales data must make a clear link between the program intervention and the changes found in the
market. Additionally, outside of Illinois, while evaluators have extrapolated the market changes to
specific energy or demand reductions, this activity may be viewed as tenuous due to assumptions that
evaluators must make within the analysis.

Illinois is in a position to begin to discuss market analyses and how specific research may be able to
interpret changes that have occurred (or may occur in the future) because of the IOU interventions over
the past six years. Market analyses can be backward looking through historical tracing, but is best used
when the logic of an intervention is described and specific market metrics are tracked over time. This is
a switch from the current annual evaluation of programs and has challenges that stakeholders would
need to discuss and reach a consensus on an approach that works for lllinois.
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F. Structured Expert Judgment Approaches

Closely tied to market analysis, this approach is a way for evaluators to gather credible evidence of
changes that arise due to the intervention of a program. When deployed, it is often used as a cost-
effective approach to estimate market effects or reach agreement on a NTG value when several
different types of evidence are available. . The key premise of this approach is the use of a select group
of known experts that all stakeholders agree can provide unbiased information as well as having
sufficient knowledge to judge what may have occurred absent a program intervention.

A Delphi Panel is an example of this approach where data is collected from two or more rounds of data
collection (which can occur via email, internet, or in-person). A round is when experts make their
thoughts known about a specific subject, the evaluation team synthesizes the data and provides this
collated data back to the group to discuss again. Allowing the full experts to see how their peers think
about a topic helps to move the group towards consensus.

To date, in lllinois, there has been little need for this approach. However, if more market analyses occur
in the future, this is a valuable tool that can be deployed.

References
e Mosenthal, et al., 2000
e Powell, 2002

G. Program Theory-Driven Approach

This approach is not included in the Violette and Rathbun (2014) document as a high level method, but
is discussed by the authors under the historical tracing method. The lllinois evaluators believe that it
deserves at least a short discussion within this framework.

A program theory is the written narrative about why the activities of a program are expected to bring
about change. Typically associated with this approach is the direct graphical explication of the linkages
between activities, outputs, and outcomes through an impact logic model."**

A theory-driven evaluation denotes “[A]ny evaluation strategy or approach that explicitly integrates and
uses stakeholder, social science, some combination of, or other types of theories in conceptualizing,
designing, conducting, interpreting, and applying an evaluation.” (Coryn 2011) Within this approach, the
ultimate conclusions regarding the efficacy of a program are based on the preponderance of the
evidence and not on the results of any single analysis. Coryn and colleagues systematically examined 45
cases of theory-driven evaluations published over a twenty-year period to ascertain how closely
theory-driven evaluation practices comport with the key tenants of theory-driven evaluation as
described and prescribed by prominent theoretical writers. One output from this analysis was the
identification of the core principles and sub-principles of theory-driven evaluation. If interested, please
review the reference under Coryn 2011.

As an approach, it is best used for complex programs and/or causal mechanisms that extend far into the
future. Evaluators collect evidence that supports or rejects hypotheses that are explicit in the logic
model. The case for program attribution is strengthened based on the extent to which an evaluation

1523 . -
Evaluators may use logic models to show program processes as well, but this is a program flow chart, not an

impact model.
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shows that the expected changes occur. Additionally, the evaluation team may be able to collect data
that will answer questions about the longer term outcomes of a program. This type of data collection
may be very similar to market tracking activities described briefly above under Market Analyses.

This approach does not specifically estimate a NTG value, but program administrators can choose to
keep, drop or change a program based on intermediary data. Regulators must be convinced that the
logic of a program is sound and that the intermediary outcomes are causally linked to expected savings.

References

e Weiss, 1997
e Chen, 2000
e Coryn, 2011

H. Case Studies Design

Case studies are used extensively in social sciences as well as many other disciplines or practice-oriented
areas such as political science, economics, education, and public policy. Case studies help to understand
the how and why of a situation and typically retain a holistic aspect of real-life events. As such, they may
be a useful approach to determine attribution. As with program theory design, though, the data
collected and analyzed within a case study approach will not typically yield a specific NTG value, but can
provide credible evidence and insight that supports or refutes the changes brought about by program
intervention.

To be used to assess attribution, evaluators must carefully design case studies to assure they account for
the threats to causality (i.e. internal validity) that arise in any design. While not typically thought of in
this manner, case study design can address multiple types of validity such as construct, internal and
external validity as well as assuring reliability. When establishing construct validity and reliability,
evaluators must use multiple sources of evidence, create and maintain a study database, and maintain a
“chain of evidence” within the analysis. Internal validity is shown through analytic tactics such as pattern
matching, explanation building, addressing rival explanations, or using logic models. External validity
centers on the ability to generalize the analytical findings to other similar situations. External validity
may be shown through replication of findings.

References
e Yin, 2003
e Stake, 2006
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	Coincidence Factor
	Calculation of Savings
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	Summer Coincident Peak Demand Savings
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	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-HVC-O2TC-V01-140601
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	Deemed O&M Cost Adjustment Calculation
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	Coincidence Factor
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	Coincidence Factor
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	Deemed O&M Cost Adjustment Calculation
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	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Heating Penalty
	Summer Coincident Peak Demand Savings
	Natural Gas Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-LTG-STUB-V02-140601
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	Reference Tables
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	Coincidence Factor
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	Heating Penalty
	Summer Coincident Peak Demand Savings
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	Deemed O&M Cost Adjustment Calculation
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	Deemed Lifetime of Efficient Equipment
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	Coincidence Factor
	Calculation of Savings
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	Deferred Installs
	Heating Penalty
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	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation


	4.6 Refrigeration End Use
	4.6.1 Automatic Door Closer for Walk-In Coolers and Freezers
	Description
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
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	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-ATDC-V01-120601

	4.6.2 Beverage and Snack Machine Controls
	Description
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	NATURAL GAS ENERGY SAVINGS
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-BEVM-V02-150601

	4.6.3 Door Heater Controls for Cooler or Freezer
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	NATURAL GAS ENERGY SAVINGS
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-DHCT-V01-120601

	4.6.4 Electronically Commutated Motors (ECM) for Walk-in and Reach-in Coolers / Freezers
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	NATURAL GAS ENERGY SAVINGS
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-ECMF-V01-120601

	4.6.5 ENERGY STAR Refrigerated Beverage Vending Machine
	Description
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-ESVE-V02-150601

	4.6.6 Evaporator Fan Control
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	NATURAL GAS ENERGY SAVINGS
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-EVPF-V02-140601

	4.6.7 Strip Curtain for Walk-in Coolers and Freezers
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-RFG-CRTN-V03-150601

	4.6.8 Refrigeration Economizers
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	The baseline condition is a walk-in refrigeration system without an economizer
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	The summer peak coincidence factor for this measure is assumed to be 0% .
	Calculation of Energy Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation

	4.6.9 Night Covers for Open Refrigerated Display Cases
	Description
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Energy Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation


	4.7 Miscellaneous End Use
	4.7.1 VSD Air Compressor
	Description
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Deemed O&M Cost Adjustments
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-MSC-VSDA-V01-120601

	4.7.2 Compressed Air Low Pressure Drop Filters
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	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-MSC-CALPDF-V01-140601

	4.7.3 Compressed Air No-Loss Condensate Drains
	Description
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Energy Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure Code: CI-MSC-CANLCD-V01-140601

	4.7.4 Pump Optimization
	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
	Deemed O&M Cost Adjustments
	Coincidence Factor
	Calculation of Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	NATURAL GAS ENERGY SAVINGS
	N/A
	Water Impact Descriptions and Calculation
	N/A
	Deemed O&M Cost Adjustment Calculation
	N/A
	Measure Code: CI-MSC-PMPO-V01-150601

	4.7.5 Efficient Compressed Air Nozzles
	Description
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	3. Manufacturer’s specification sheet of the high-efficiency air nozzle must be provided along with the make and model
	Definition of Baseline Equipment
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	Deemed Measure Cost
	Loadshape
	Coincidence Factor
	Calculation of Energy Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
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	Coincidence Factor
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	Electric Energy Savings
	Summer Coincident Peak Demand Savings
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	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure code: CI-HVC-RINS-V01-150601

	4.7.7 Computer Power Management Software
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	Definition of Baseline Equipment
	Deemed Lifetime of Efficient Equipment
	Deemed Measure Cost
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	Coincidence Factor
	Calculation of Energy Savings
	Electric Energy Savings
	Summer Coincident Peak Demand Savings
	Natural Gas Saving
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
	Measure code: CI-MSC-CPMS-V01-150601



	EXAMPLE
	EXAMPLE
	EXAMPLE
	Example
	EXAMPLE
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	EXAMPLE
	5 Residential Measures
	5.1 Appliances End Use
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	Description
	Definition of Efficient Equipment
	Definition of Baseline Equipment
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	Coincidence Factor
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	Definition of Baseline Equipment
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	Deemed Measure Cost
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	Coincidence Factor
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	Natural Gas Savings
	Water Impact Descriptions and Calculation
	Deemed O&M Cost Adjustment Calculation
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	Deemed O&M Cost Adjustment Calculation
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