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5.4 Hot Water End Use 

 Domestic Hot Water Pipe Insulation  5.4.1

DESCRIPTION  

This measure describes adding insulation to un-insulated domestic hot water pipes. The measure assumes the pipe 
wrap is installed to the first length of both the hot and cold pipe up to the first elbow. This is the most cost 
effective section to insulate since the water pipes act as an extension of the hot water tank up to the first elbow 
which acts as a heat trap. Insulating this length therefore helps reduce standby losses. Default savings are provided 
per 3ft length and are appropriate up to 6ft of the hot water pipe and 3ft of the cold. 

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 case is installing pipe wrap insulation to a length of hot water pipe. 

DEFINITION OF BASELINE EQUIPMENT  

The baseline is an un-insulated hot water pipe. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The measure life is assumed to be 15 years
895

. 

DEEMED MEASURE COST  

The measure cost including material and installation is assumed to be $3 per linear foot
896

. 

LOADSHAPE 

Loadshape C53 - Flat 

COINCIDENCE FACTOR  

This measure assumes a flat loadshape since savings relate to reducing standby losses and as such the coincidence 
factor is 1. 

Algorithm 

                                                                 
895

 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 
896

 Consistent with DEER 2008 Database Technology and Measure Cost Data (www.deeresources.com). 

http://mn.gov/commerce/energy/images/ElectricFoodService_v03.2.xls
http://www.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf
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CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS 

For electric DHW systems: 

ΔkWh  = ((1/Rexist – 1/Rnew) * (L * C) * ΔT * 8,766)/ ηDHW / 3413 

Where:  

Rexist = Pipe heat loss coefficient of uninsulated pipe (existing) [(hr-°F-ft)/Btu]  

= 1.0
897

 

Rnew = Pipe heat loss coefficient of insulated pipe (new) [(hr-°F-ft)/Btu] 

= Actual (1.0 + R value of insulation) 

L   = Length of pipe from water heating source covered by pipe wrap (ft) 

  = Actual 

C  = Circumference of pipe (ft) (Diameter (in) * π/12) 

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

ΔT  = Average temperature difference between supplied water and outside air temperature 
(°F) 

 = 60°F 
898

 

8,766   = Hours per year 

ηDHW  = Recovery efficiency of electric hot water heater 

= 0.98 
899

 

3412 = Conversion from Btu to kWh  

                                                                 
897

 Navigant Consulting Inc., April 2009; “Measures and Assumptions for Demand Side Management (DSM) 
Planning; Appendix C Substantiation Sheets”, p77. 
898

 Assumes 125°F water leaving the hot water tank and average temperature of basement of 65°F. 
899

 Electric water heaters have recovery efficiency of 98%: 
http://www.ahridirectory.org/ahridirectory/pages/home.aspx 

http://www.ahridirectory.org/ahridirectory/pages/home.aspx
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If inputs above are not available the following default per 3ft R-5 length can be used for up to 6 ft length on the hot 
pipe and 3 ft on the cold pipe. 

ΔkWh  = ((1/Rexist – 1/Rnew) * (L * C) * ΔT * 8,766) / ηDHW / 3412 

   = ((1/1– 1/5) * (3 * 0.196) * 60 * 8766) / 0.98 /3412 

   = 74.0 kWh per 3ft length 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

 ∆kW = ∆kWh / 8766 

Where: 

ΔkWh  = kWh savings from pipe wrap installation 

8766 = Number of hours in a year (since savings are assumed to be constant over year). 

 

If inputs above are not available the following default per 3ft R-4 length can be used for up to 6 ft length on the hot 
pipe and 3 ft on the cold pipe. 

ΔkW  = 73.9/8766 

   = 0.0084 kW 

NATURAL GAS SAVINGS  

For Natural Gas DHW systems: 

ΔTherm   = ((1/Rexist – 1/Rnew) * (L * C) * ΔT * 8,766) / ηDHW /100,000 

Where: 

ηDHW  = Recovery efficiency of gas hot water heater 

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

 ΔkWh  = ((1/Rexist – 1/Rnew) * (L * C) * ΔT * 8,766) / ηDHW / 3412 

    = ((1/1– 1/5) * (5 * 0.196) * 60 * 8766) / 0.98 /3412 

    = 123 kWh 

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

ΔkW  = 123/8766 

   = 0.014kW 
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= 0.78 
900

 

Other variables as defined above 

 

If inputs above are not available the following default per 3ft R-4 length can be used for up to 6ft length on the hot 
pipe and 3ft on the cold pipe. 

ΔTherm   = ((1/Rexist – 1/Rnew) * (L * C) * ΔT * 8,766) / ηDHW / 100,000 

    = ((1/1– 1/5) * (3 * 0.196) * 60 * 8766) / 0.78 /100,000 

    = 3.17 therms per 3ft length 

 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: RS-HWE-PINS-V01-120601 

                                                                 
900

 Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units of 70-87%. 
Average of existing units is estimated at 78% 

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

  ΔTherm   = ((1/1– 1/5) * (5 * 0.196) * 60 * 8766) / 0.78 / 100,000 

    = 5.29 therms 
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 Gas Water Heater  5.4.2

DESCRIPTION  

This measure characterizes the purchase and installation of a new efficient gas-fired water heater, in place of a 
Federal Standard unit in a residential setting. Savings are provided for power-vented, condensing storage, and 
whole-house tankless units meeting specific EF criteria. 

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 efficient equipment must be a water heater rated with the following minimum 
efficiency ratings: 

Water heater Type Minimum Energy Factor 
Gas Storage 0.67 

Condensing gas storage 0.80 
Tankless whole-house unit 0.82 

 

DEFINITION OF BASELINE EQUIPMENT  

The baseline condition is assumed to be a standard gas storage water heater of the same capacity as the efficient 
unit, rated at the federal minimum (0.67 – 0.0019 * storage size in gallons)

901
. For a 40-gallon storage water heater 

this would be 0.594 EF. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life is assumed to be 13 years.
902

 

  

                                                                 
901

 Federal Standard as of January 2004, 
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/water_heater_fr.pdf  
902

 DOE, 2010 Residential Heating Products Final Rule Technical Support Document, Table 8.2.14 
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/htgp_finalrule_ch8.pdf  Note: This 
source is used to support this category in aggregate.  For all water heaters, life expectancy will depend on local 
variables such as water chemistry and homeowner maintenance. Some categories, including condensing storage 
and tankless water heaters do not yet have sufficient field data to support separate values.  Preliminary data show 
lifetimes may exceed 20 years, though this has yet to be sufficiently demonstrated. 

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

The incremental capital cost for this measure is dependent on the type of water heater as listed below
903

: 

Water heater Type 
Incremental 

Cost 

Gas Storage $400 

Condensing gas storage $685 

Tankless whole-house unit $605 

LOADSHAPE 

N/A 

COINCIDENCE FACTOR  

N/A 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

N/A 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

N/A 

NATURAL GAS ENERGY SAVINGS  

ΔTherms = (1/ EFBASE - 1/EFEFFICIENT) * (GPD * Household * 365.25 * γWater * (TOUT – TIN) * 1.0 )/100,000 

Where: 

EF_Baseline = Energy Factor rating for baseline equipment 

   = (0.67  –  0.0019 * tank_size)
 904

 

                                                                 
903

 Source for cost info; DOE, 2010 Residential Heating Products Final Rule Technical Support Document, Table 
8.2.14 (http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/htgp_finalrule_ch8.pdf) 
904

 Algorithm based on current Federal Standard; 
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/water_heater_fr.pdf  
Note that changes to the Federal Standard will be applied from April 16, 2015, see link below for more details: 

 

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


Illinois Statewide Technical Reference Manual - 5.4.2 Gas Water Heater 

 

Page 542 of 675 
 

  

 

 

   = If tank size unknown 
assume 40 gallons and EF_Baseline of 0.594  

EF_Efficient = Energy Factor Rating for efficient equipment 

= Actual. If Tankless whole-house multiply rated efficiency by 0.91
905

. If 
unknown assume values in look up in table below 

Water Heater Type EF_Efficient 

Condensing Gas 
Storage 

0.80 

Gas Storage 0.67 

Tankless whole-house 0.82 * 0.91 = 0.75 

 

GPD  = Gallons Per Day of hot water use per person 

  = 45.5 gallons hot water per day per household/2.59 people per household
906

 

  = 17.6 

Household = Average  number of people per household 

Household Unit Type Household 

Single-Family - Deemed 2.56
907

 

                                                                                                                                                                                                               
http://www1.eere.energy.gov/buildings/appliance_standards/residential/heating_products_fr.html. 
905

 The disconnect between rated energy factor and in-situ energy consumption is markedly different for tankless 
units due to significantly higher contributions to overall household hot water usage from short draws.  In tankless 
units the large burner and unit heat exchanger must fire and heat up for each draw.  The additional energy losses 
incurred when the mass of the unit cools to the surrounding space in-between shorter draws was found to be 9% 
in a study prepared for Lawrence Berkeley National Laboratory by Davis Energy Group, 2006. “Field and Laboratory 
Testing of Tankless Gas Water Heater Performance”   Due to the similarity (storage) between the other categories 
and the baseline, this derating factor is applied only to the tankless category. 
906

 DeOreo, William B., Mayer, Peter W., Residential End Uses of Water Study Update, 2013. 
http://www.aquacraft.com/sites/default/files/img/REUWS2%20Project%20Report%2020131204.pdf 
907

 ComEd Energy Efficiency/ Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation Report: All 
Electric Single Family Home Energy Performance Tune-Up Program citing 2006-2008 American Community Survey 
data from the US Census Bureau for Illinois cited on p. 17 of the PY2 Evaluation report. 2.75 * 93% evaluation 
adjustment 

Tank_size (gallons) EF_Baseline 

40 0.594 

50 0.575 

60 0.556 

http://www.icc.illinois.gov/docket/files.aspx
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Multi-Family - Deemed 2.1
908

  

Custom Actual Occupancy or  
Number of 

Bedrooms
909

 

 

365.25  = Days per year, on average 

γWater   = Specific Weight of water 

  = 8.33 pounds per gallon 

TOUT  = Tank temperature 

  = 125°F 

TIN  = Incoming water temperature from well or municipal system 

  = 54°F
910

 

1.0  = Heat Capacity of water (1 Btu/lb*°F) 

 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: RS-HWE-GWHT-V02-140601 

                                                                 
908

 Navigant, ComEd PY3 Multi-Family Home Energy Savings Program Evaluation Report Final, May 16, 2012.  
909

 Bedrooms are suitable proxies for household occupancy, and may be preferable to actual occupancy due to 
turnover rates in residency and non-adult population impacts. 
910

 US DOE Building America Program. Building America Analysis Spreadsheet.  For Chicago, IL 
http://www1.eere.energy.gov/buildings/building_america/analysis_spreadsheets.html  

For example, a 40 gallon condensing gas storage water heater, with an energy factor of 0.80 in a single 
family house: 

ΔTherms = (1/0.594 - 1/0.8) * (17.6 * 2.56 * 365.25* 8.33 * (125 – 54) * 1) / 100,000  

 = 42.2 therms 

http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf
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 Heat Pump Water Heaters  5.4.3

DESCRIPTION  

The installation of a heat pump domestic hot water heater in place of a standard electric water heater in a home. 
Savings are presented dependent on the heating system installed in the home due to the impact of the heat pump 
water heater on the heating loads. 

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  

To qualify for this measure the installed equipment must be a Heat Pump domestic water heater. 

DEFINITION OF BASELINE EQUIPMENT  

The baseline condition is assumed to be a new electric water heater meeting federal minimum efficiency 
standards. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life is assumed to be 13 years.
911

 

DEEMED MEASURE COST  

The incremental capital cost for this measure is $1,000, for a HPWH with an energy factor of 2.0. The full cost, 
applicable in a retrofit, is $1,575. For a HPWH with an energy factor of 2.35, these costs are $1,134 and $1,703 
respectively.

912
 

LOADSHAPE 

Loadshape R03 - Residential Electric DHW 

COINCIDENCE FACTOR  

The summer Peak Coincidence Factor is assumed to be 12%.
913

 

 

                                                                 
911

 DOE, 2010 Residential Heating Products Final Rule Technical Support Document, Page 8-52 
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/htgp_finalrule_ch8.pdf  
912

 DOE, 2010 Residential Heating Products Final Rule Technical Support Document, Table 8.2.14 
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/htgp_finalrule_ch8.pdf  
913

 Calculated from Figure 8 "Combined six-unit summer weekday average electrical demand" in FEMP study; Field 
Testing of Pre-Production Prototype Residential Heat Pump Water Heaters 
http://www1.eere.energy.gov/femp/pdfs/tir_heatpump.pdf  as (average kW usage during peak period * hours in 
peak period) / [(annual kWh savings / FLH) * hours in peak period] = (0.1 kW * 5 hours) / [(2100 kWh (default 
assumptions) / 2533 hours) * 5 hours] = 0.12 

http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf
http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/LightingCalculator.xlsx
http://www.aquacraft.com/sites/default/files/pub/DeOreo-(2001)-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf
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Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

ΔkWh = (((1/EFBASE – 1/EFEFFICIENT) * GPD * Household * 365.25 * γWater * (TOUT – TIN) * 1.0) / 3412) + 
kWh_cooling  - kWh_heating 

Where: 

EFBASE = Energy Factor (efficiency) of standard electric water heater according to 
federal standards:  

= 0.93 – (0.00132 * rated volume in gallons)
914

 

= 0.904 for a 50 gallon tank, the most common size for HPWH 

EFEFFICIENT  = Energy Factor (efficiency) of Heat Pump water heater 

   = Actual 

GPD  = Gallons Per Day of hot water use per person 

= 45.5 gallons hot water per day per household/2.59 people per household
915

 

  = 17.6 

Household = Average  number of people per household 

Household Unit Type Household 

Single-Family - Deemed 2.56
916

 

Multi-Family - Deemed 2.1
917

  

Custom Actual Occupancy or  
Number of Bedrooms

918
 

                                                                 
914

 Current Federal Standard EF, since 2004, for a 50-gal electric storage WH, Federal Register Vol. 66, No. 
11/1/17/2001, page 4497, 
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/water_heater_fr.pdf   
915

 DeOreo, William B., Mayer, Peter W., Residential End Uses of Water Study Update, 2013. 
http://www.aquacraft.com/sites/default/files/img/REUWS2%20Project%20Report%2020131204.pdf 
916

 ComEd Energy Efficiency/ Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation Report: All 
Electric Single Family Home Energy Performance Tune-Up Program citing 2006-2008 American Community Survey 
data from the US Census Bureau for Illinois cited on p. 17 of the PY2 Evaluation report. 2.75 * 93% evaluation 
adjustment 
917

 Navigant, ComEd PY3 Multi-Family Home Energy Savings Program Evaluation Report Final, May 16, 2012.  
918

 Bedrooms are suitable proxies for household occupancy, and may be preferable to actual occupancy due to 
 

http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf


Illinois Statewide Technical Reference Manual - 5.4.3 Heat Pump Water Heaters 

 

Page 546 of 675 
 

 

365.25  = Days per year 

γWater   = Specific weight of water 

  = 8.33 pounds per gallon 

TOUT  = Tank temperature 

  = 125°F 

TIN  = Incoming water temperature from well or municiple system 

  = 54°F
919

 

1.0  = Heat Capacity of water (1 Btu/lb*°F) 

3412  = Conversion from Btu to kWh 

 kWh_cooling
920

 = Cooling savings from conversion of heat in home to water heat 

=(([(GPD * Household * 365.25 * γWater * (TOUT – TIN) * 1.0) / 3412) –  
(GPD * Household * 365.25 * γWater * (TOUT – TIN) * 1.0) / 3412) / EFNEW] * LF * 
27%) / COPCOOL) * LM 
 

   Where:  

LF  = Location Factor 

  = 1.0 for HPWH installation in a conditioned space 

  = 0.5 for HPWH installation in an unknown location 

    = 0.0 for installation in an unconditioned space 

27%  = Portion of reduced waste heat that results in cooling savings
921

 

COPCOOL  = COP of central air conditioning 

  = Actual, if unknown, assume 3.08 (10.5 SEER / 3.412) 

                                                                                                                                                                                                               
turnover rates in residency and non-adult population impacts. 
919

 US DOE Building America Program. Building America Analysis Spreadsheet.  For Chicago, IL 
http://www1.eere.energy.gov/buildings/building_america/analysis_spreadsheets.html  
920

 This algorithm calculates the heat removed from the air by subtracting the HPWH electric consumption from 
the total water heating energy delivered. This is then adjusted to account for location of the HP unit and the 
coincidence of the waste heat with cooling requirements, the efficiency of the central cooling and latent cooling 
demands. 
921

 REMRate determined percentage (27%) of lighting savings that result in reduced cooling loads (lighting is used 
as a proxy for hot water heating since load shapes suggest their seasonal usage patterns are similar). 

http://www.energystar.gov/ia/products/appliances/refrig/NAECA_calculation.xls
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   LM  = Latent multiplier to account for latent cooling demand 

    = 1.33 
922

 

kWh_heating = Heating cost from conversion of heat in home to water heat 
(dependent on heating fuel) 

   For Natural Gas heating, kWh_heating = 0 

   For electric heating: 

 = ([(GPD * Household * 365.25 * ρ * (TOUT – TIN) * 1.0) / 3412) –  
(GPD * Household * 365.25 * ρ * (TOUT – TIN) * 1.0) / 3412) / EFNEW] * LF 
* 49%) / COPHEAT 

 

   Where: 

49% = Portion of reduced waste heat that results in increased 
heating load

923
 

COPHEAT  = COP of electric heating system 

  = actual. If not available use
924

: 

System Type Age of 
Equipment 

HSPF 
Estimate 

COPHEAT 
(COP 

Estimate) 
Heat Pump Before 2006 6.8 2.00 

After 2006 7.7 2.26 

Resistance N/A N/A 1.00 

 

                                                                 
922

 A sensible heat ratio (SHR) of 0.75 corresponds to a latent multiplier of 4/3 or 1.33. SHR of 0.75 for typical split 
system from page 10 of “Controlling Indoor Humidity Using Variable-Speed Compressors and Blowers” by M. A. 
Andrade and C. W. Bullard, 1999: www.ideals.illinois.edu/bitstream/handle/2142/11894/TR151.pdf 
923

 REMRate determined percentage (49%) of lighting savings that result in increased heating loads (lighting is used 
as a proxy for hot water heating since load shapes suggest their seasonal usage patterns are similar). 
924

 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  

ΔkW  = ΔkWh / Hours * CF 

Where: 

Hours  = Full load hours of water heater 

   = 2533 
925

 

CF   = Summer Peak Coincidence Factor for measure  

= 0.12 
926

 

 

NATURAL GAS SAVINGS  

ΔTherms  = - ((((GPD * Household * 365.25 * γWater * (TOUT – TIN) * 1.0) / 3412) – (((GPD * 
Household * 365.25 * γWater * (TOUT – TIN) * 1.0) / 3412) / EFEFFICIENT)) * LF * 49% * 
0.03412) / (ηHeat * % Natural Gas) 

 

Where: 

ΔTherms = Heating cost from conversion of heat in home to water heat for homes with 
Natural Gas heat.

927
 

                                                                 
925

 Full load hours assumption based on Efficiency Vermont analysis of Itron eShapes. 
926

 Calculated from Figure 8 "Combined six-unit summer weekday average electrical demand" in FEMP study; Field 
Testing of Pre-Production Prototype Residential Heat Pump Water Heaters 
http://www1.eere.energy.gov/femp/pdfs/tir_heatpump.pdf  as (average kW usage during peak period * hours in 
peak period) / [(annual kWh savings / FLH) * hours in peak period] = (0.1 kW * 5 hours) / [(2100 kWh / 2533 hours) 
* 5 hours] = 0.12 
927

 This is the additional energy consumption required to replace the heat removed from the home during the 
 

For example, a 2.0 EF heat pump water heater, in a conditioned space in a single family home with gas space 
heat and central air conditioning (SEER 10.5) in Belleville: 

ΔkWh  = [(1 / 0.904 – 1 / 2.0) * 17.6 * 2.56 * 365.25* 8.33 * (125 – 54)] / 3412 + 185 - 0 

= 1910 kWh  

For example, a 2.0 COP heat pump water heater, in a conditioned space in a single family home with gas space 
heat and central air conditioning in Belleville: 

kW  = 1910 / 2533 * 0.12 

= 0.0905 kW 

http://www.eia.gov/consumption/residential/data/2009/
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0.03412  = conversion factor (therms per kWh) 

ηHeat  = Efficiency of heating system 

= Actual.
928

 If not available use 70%.
929

 

 
% Natural Gas  = Factor dependent on heating fuel:  

Heating System %Natural Gas 

Electric resistance or heat pump 0% 

Natural Gas  100% 

Unknown heating fuel
930

 87% 

 

Other factors as defined above 

 

 

                                                                                                                                                                                                               
heating season by the heat pump water heater. kWh_heating (electric resistance) is that additional heating energy 
for a home with electric resistance heat (COP 1.0). This formula converts the additional heating kWh for an electric 
resistance home to the MMBtu required in a Natural Gas heated home, applying the relative efficiencies.    
928

 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. 
929

 This has been estimated assuming that natural gas central furnace heating is typical for Illinois 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%20R
egion.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 
930

 2010 American Community Survey.  

For example, a 2.0 COP heat pump water heater in conditioned space, in a single family home with gas 
space heat (70% system efficiency): 

ΔTherms = -((((25.1 * 2.56 * 365.25* 8.33 * (125 – 54) * 1.0) / 3412) – (17.6 * 2.56 * 365.25* 
8.33 * (125 – 54) * 1.0 / 3412 / 2.0)) * 1 * 0.49 * 0.03412) / (0.7 * 1) 

 = - 63.1 therms 

http://www.cee1.org/gov/led/led-ace3/ace3led.pdf
http://www.icc.illinois.gov/ags/consumereducation.aspx
http://www.icc.illinois.gov/ags/consumereducation.aspx


Illinois Statewide Technical Reference Manual - 5.4.3 Heat Pump Water Heaters 

 

Page 550 of 675 
 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: RS-HWE-HPWH-V02-140601 
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 Low Flow Faucet Aerators  5.4.4

This measure relates to the installation of a low flow faucet aerator in a household kitchen or bath faucet fixture. 

This measure may be used for units provided through Efficiency Kit’s however the in service rate for such measures 
should be derived through evaluation results specifically for this implementation methodology.  

This measure was developed to be applicable to the following program types:  TOS, NC, RF, DI, KITS.   
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 a low flow faucet aerator, for bathrooms rated at 1.5 
gallons per minute (GPM) or less, or for kitchens rated at 2.2 GPM or less. Savings are calculated on an average 
savings per faucet fixture basis. 

DEFINITION OF BASELINE EQUIPMENT  

The baseline condition is assumed to be a standard bathroom faucet aerator rated at 2.25 GPM or greater, or a 
standard kitchen faucet aerator rated at 2.75 GPM or greater. Average measured flow rates are used in the 
algorithm and are lower, reflecting the penetration of previously installed low flow fixtures (and therefore the 
freerider rate for this measure should be 0), use of the faucet at less than full flow, debris buildup, and lower water 
system pressure than fixtures are rated at. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life is assumed to be 9 years.
931

 

DEEMED MEASURE COST  

The incremental cost for this measure is $8
932

 or program actual. 

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

LOADSHAPE 

Loadshape R03 - Residential Electric DHW 

COINCIDENCE FACTOR 

The coincidence factor for this measure is assumed to be 2.2%.
933

 

                                                                 
931 

Table C-6, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS 
Associates, June 2007. 
"http://neep.org/uploads/EMV%20Forum/EMV%20Studies/measure_life_GDS%5B1%5D.pdf" 
932 

Direct-install price per faucet assumes cost of aerator and install time. (2011, Market research average of $3 
and assess and install time of $5 (20min @ $15/hr) 
933

 Calculated as follows: Assume 18% aerator use takes place during peak hours (based on: 
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Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

NOTE THESE SAVINGS ARE PER FAUCET RETROFITTED
934

 (UNLESS FAUCET TYPE IS UNKNOWN, THEN IT IS PER HOUSEHOLD). 

ΔkWh   = %ElectricDHW  * ((GPM_base * L_base - GPM_low * L_low) * Household * 365.25 *DF / FPH) * 
EPG_electric * ISR 

Where: 

%ElectricDHW  = proportion of water heating supplied by electric resistance heating 

DHW fuel %ElectricDHW 

Electric 100% 

Natural Gas 0% 

Unknown 16%
935

 

 

GPM_base = Average flow rate, in gallons per minute, of the baseline faucet “as-used.” This 
includes the effect of existing low flow fixtures and therefore the freerider rate 
for this measure should be 0. 

  = 1.39
936

 or custom based on metering studies
937

 or if measured during DI: 

  = Measured full throttle flow * 0.83 throttling factor
938

 

GPM_low = Average flow rate, in gallons per minute, of the low-flow faucet aerator “as-

                                                                                                                                                                                                               
http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-
Family-Homes-Using-Flow-Trace-Analysis.pdf) There are 65 days in the summer peak period, so the percentage of 
total annual aerator use in peak period is 0.18*65/365 = 3.21%. The number of hours of recovery during peak 
periods is therefore assumed to be 3.21% *180 = 5.8 hours of recovery during peak period where 180 equals the 
average annual electric DHW recovery hours for faucet use including SF and MF homes. There are 260 hours in the 
peak period so the probability you will see savings during the peak period is 5.8/260 = 0.022 
934

 This algorithm calculates the amount of energy saved per aerator by determining the fraction of water 
consumption savings for the upgraded fixture.   
935 

Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for 
Midwest Region, data for the state of IL. If utilities have specific evaluation results providing a more appropriate 
assumption for homes in a particular market or geographical area then that should be used 
936 

Table 56, DeOreo, William B., Mayer, Peter W., Residential End Uses of Water Study Update, 2013. 
http://www.aquacraft.com/sites/default/files/img/REUWS2%20Project%20Report%2020131204.pdf 
937

 Measurement should be based on actual average flow consumed over a period of time rather than a onetime 
spot measurement for maximum flow. Studies have shown maximum flow rates do not correspond well to average 
flow rate due to occupant behavior which does not always use maximum flow. 
938

 2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the Baseline 
for Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in Buildings. Page 1-265. 
www.seattle.gov/light/Conserve/Reports/paper_10.pdf 

http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf
http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf
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used” 

  = 0.94
939

 or custom based on metering studies
940

 or if measured during DI: 

  = Rated full throttle flow * 0.95 throttling factor
941

 

L_base = Average baseline daily length faucet use per capita for faucet of interest in 
minutes 

  = if available custom based on metering studies, if not use: 

Faucet Type L_base (min/person/day) 
Kitchen 4.5

942
 

Bathroom 1.6
943

 
If location unknown (total for 

household): Single-Family 
9.0

944
 

If location unknown (total for 

household): Multi-Family 
6.9

945
 

 

L_low = Average retrofit daily length faucet use per capita for faucet of interest in 
minutes 

  = if available custom based on metering studies, if not use: 

                                                                 
939

 Average retrofit flow rate for kitchen and bathroom faucet aerators from sources 2, 4, 5, and 7(see source table 
at end of characterization). This accounts for all throttling and differences from rated flow rates. Assumes all 
kitchen aerators at 2.2 gpm or less and all bathroom aerators at 1.5 gpm or less. The most comprehensive 
available studies did not disaggregate kitchen use from bathroom use, but instead looked at total flow and length 
of use for all faucets. This makes it difficult to reliably separate kitchen water use from bathroom water use. It is 
possible that programs installing low flow aerators lower than the 2.2 gpm for kitchens and 1.5 gpm for bathrooms 
will see a lower overall average retrofit flow rate. 
940

 Measurement should be based on actual average flow consumed over a period of time rather than a onetime 
spot measurement for maximum flow. Studies have shown maximum flow rates do not correspond well to average 
flow rate due to occupant behavior which does not always use maximum flow. 
941

 2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the Baseline 
for Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in Buildings. Page 1-265. 
www.seattle.gov/light/Conserve/Reports/paper_10.pdf 
942 

Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum dated June 2013, 
directed to Michigan Evaluation Working Group. This study of 135 single and multi-family homes in Michigan 
metered energy parameters for efficient showerhead and faucet aerators. 
943

 Ibid. 
944

 One kitchen faucet plus 2.83 bathroom faucets. Based on findings from a 2009 ComEd residential survey of 140 
sites, provided by Cadmus.  
945 

One kitchen faucet plus 1.5 bathroom faucets. Based on findings from a 2009 ComEd residential survey of 140 
sites, provided by Cadmus. 
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Faucet Type L_low 
(min/person/day) 

Kitchen 4.5
946

 
Bathroom 1.6

947
 

If location unknown (total for 

household): Single-Family 
9.0

948
 

If location unknown (total for 

household): Multi-Family 
6.9

949
 

 

Household = Average  number of people per household 

Household Unit Type Household 

Single-Family - Deemed 2.56
950

 

Multi-Family - Deemed 2.1
951

 

Custom 
Actual Occupancy or  

Number of Bedrooms
952

 

 
365.25   = Days in a year, on average. 

DF   = Drain Factor 

Faucet Type Drain Factor
953 

Kitchen 75% 

Bath 90% 

Unknown 79.5% 

 

FPH  = Faucets Per Household 

                                                                 
946 

Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum dated June 2013, 
directed to Michigan Evaluation Working Group. 
947 

Ibid. 
948 

One kitchen faucet plus 2.83 bathroom faucets. Based on findings from a 2009 ComEd residential survey of 140 
sites, provided by Cadmus. 
949

 One kitchen faucet plus 1.5 bathroom faucets. Based on findings from a 2009 ComEd residential survey of 140 
sites, provided by Cadmus. 
950 

ComEd Energy Efficiency/ Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation Report: All 
Electric Single Family Home Energy Performance Tune-Up Program citing 2006-2008 American Community Survey 
data from the US Census Bureau for Illinois cited on p. 17 of the PY2 Evaluation report. 2.75 * 93% evaluation 
adjustment 
951

 Navigant, ComEd PY3 Multi-Family Home Energy Savings Program Evaluation Report Final, May 16, 2012.  
952 

Bedrooms are suitable proxies for household occupancy, and may be preferable to actual occupancy due to 
turnover rates in residency and non-adult population impacts. 
953 

Because faucet usages are at times dictated by volume, only usage of the sort that would go straight down the 
drain will provide savings.  VEIC is unaware of any metering study that has determined this specific factor and so 
through consensus with the Illinois Technical Advisory Group have deemed these values to be 75% for the kitchen 
and 90% for the bathroom. If the aerator location is unknown an average of 79.5% should be used which is based 
on the assumption that 70% of household water runs through the kitchen faucet and 30% through the bathroom 
(0.7*0.75)+(0.3*0.9)=0.795. 
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Faucet Type FPH 

Kitchen Faucets Per Home 

(KFPH) 
1 

Bathroom Faucets Per Home 

(BFPH): Single-Family 
2.83

954
 

Bathroom Faucets Per Home 

(BFPH): Multi-Family 
1.5

955
 

If location unknown (total for 

household): Single-Family 
3.83 

If location unknown (total for 

household): Multi-Family 
2.5 

EPG_electric = Energy per gallon of water used by faucet supplied by electric water heater 

= (8.33 * 1.0 * (WaterTemp - SupplyTemp)) / (RE_electric * 3412) 

= (8.33 * 1.0 * (86 – 54.1)) / (0.98 * 3412) 

= 0.0795 kWh/gal (Bath), 0.0969 kWh/gal (Kitchen), 0.0919 kWh/gal (Unknown) 

8.33   = Specific weight of water (lbs/gallon) 

1.0  = Heat Capacity of water (btu/lb-°F) 

WaterTemp = Assumed temperature of mixed water 

  = 86F for Bath, 93F for Kitchen 91F for Unknown
956

 

SupplyTemp = Assumed temperature of water entering house 

    = 54.1F 
957

 

RE_electric = Recovery efficiency of electric water heater 

  = 98% 
958

 

3412  = Converts Btu to kWh (btu/kWh) 

                                                                 
954

Based on findings from a 2009 ComEd residential survey of 140 sites, provided by Cadmus. 
955

 Ibid. 
956

 Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum dated June 2013, 
directed to Michigan Evaluation Working Group. If the aerator location is unknown an average of 91% should be 
used which is based on the assumption that 70% of household water runs through the kitchen faucet and 30% 
through the bathroom (0.7*93)+(0.3*86)=0.91. 
957

 US DOE Building America Program. Building America Analysis Spreadsheet.  For Chicago, IL 
http://www1.eere.energy.gov/buildings/building_america/analysis_spreadsheets.html.  
958

 Electric water heaters have recovery efficiency of 98%: 
http://www.ahridirectory.org/ahridirectory/pages/home.aspx 
 

http://www1.eere.energy.gov/buildings/building_america/analysis_spreadsheets.html
http://www.ahridirectory.org/ahridirectory/pages/home.aspx
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ISR = In service rate of faucet aerators dependant on install method as listed in 
table below 

Selection ISR 

Direct Install -  Single Family 0.95
959

 

Direct Install – Multi Family Kitchen 0.91
960

 

Direct Install – Multi Family Bathroom 0.95
961

 

Efficiency Kits 
To be determined 

through evaluation 

 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

ΔkW  = ΔkWh / Hours * CF 

                                                                 
959 

ComEd Energy Efficiency/ Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation Report: All 
Electric Single Family Home Energy Performance Tune-Up Program Table 3-8 
960

 Navigant, ComEd-Nicor Gas EPY4/GPY1 Multi-Family Home Energy Savings Program Evaluation Report DRAFT 
2013-01-28 
961

 Ibid. 

For example, a direct installed kitchen low flow faucet aerator in a single-family electric DHW home: 

ΔkWh  = 1.0 * (((1.39 * 4.5 – 0.94 * 4.5) * 2.56 * 365.25 *0.75) / 1) * 0.0969 * 0.95 

= 131 kWh 

 

For example, a direct installed bath low flow faucet aerator in a multi-family electric DHW home: 

ΔkWh  = 1.0 * (((1.39 * 1.6 – 0.94 * 1.6) * 2.1 * 365.25 * 0.90) /1.5) * 0.0795 * 0.95 

= 25.0 kWh 

 

For example, a direct installed low flow faucet aerator in unknown faucet in a single-family electric 
DHW home: 

ΔkWh  = 1.0 * (((1.39 * 9.0 – 0.94 * 9.0) * 2.56 * 365.25 * 0.795) /3.83) * 0.0919 * 
0.95 

= 68.6 kWh 
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Where: 

ΔkWh = calculated value above 

Hours  = Annual electric DHW recovery hours for faucet use per faucet 

= ((GPM_base * L_base) * Household/FPH * 365.25 * DF ) * 0.545
962

 / GPH 

Building 
Type 

Faucet 
location 

Calculation Hours per 
faucet 

Single 

Family 

Kitchen ((1.39 * 4.5) * 2.56/1 * 365.25 * 0.75) * 0.545 / 25.5 94 

Bathroom ((1. 39 * 1.6) * 2.56/2.83 * 365.25 * 0.9) * 0.545 / 25.5 14 

Unknown  ((1. 39 * 9.0) * 2.56/3.83 * 365.25 * 0.795) * 0.545 / 25.5 52 

Multi 

Family 

Kitchen ((1. 39 * 4.5) * 2.1/1 * 365.25 * 0.75) * 0.545 / 25.5 77 

Bathroom ((1. 39 * 1.6) * 2.1/1.5 * 365.25 * 0.9) * 0.545 / 25.5 22 

Unknown  ((1. 39 * 6.9) * 2.1/2.5 * 365.25 * 0.795) * 0.545 / 25.5 50 

 

GPH = Gallons per hour recovery of electric water heater calculated for 70.9F temp rise (125-
54.1), 98% recovery efficiency, and typical 4.5kW electric resistance storage tank. 

= 25.5 

CF = Coincidence Factor for electric load reduction 

= 0.022
963

 

 

NATURAL GAS SAVINGS  

ΔTherms  = %FossilDHW * ((GPM_base * L_base - GPM_low * L_low) * Household * 365.25 *DF / 
FPH) * EPG_gas * ISR 

Where: 

                                                                 
962 

54.5% is the proportion of hot 120F water mixed with 54.1F supply water to give 90F mixed faucet water.  
963 

Calculated as follows: Assume 18% aerator use takes place during peak hours (based on: 
http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-
Family-Homes-Using-Flow-Trace-Analysis.pdf) There are 65 days in the summer peak period, so the percentage of 
total annual aerator use in peak period is 0.18*65/365 = 3.21%. The number of hours of recovery during peak 
periods is therefore assumed to be 3.21% *180 = 5.8 hours of recovery during peak period where 180 equals the 
average annual electric DHW recovery hours for faucet use including SF and MF homes. There are 260 hours in the 
peak period so the probability you will see savings during the peak period is 5.8/260 = 0.022 

For example, a direct installed kitchen low flow faucet aerator in a single family electric DHW home: 

ΔkW   = 131/94 * 0.022 

= 0.0306 kW 

http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf
http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf
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%FossilDHW  = proportion of water heating supplied by Natural Gas heating 

DHW fuel %Fossil_DHW 

Electric 0% 

Natural Gas 100% 

Unknown 84%
964

 

EPG_gas = Energy per gallon of Hot water supplied by gas 

= (8.33 * 1.0 * (WaterTemp - SupplyTemp)) / (RE_gas * 100,000) 

= 0.00341 Therm/gal for SF homes (Bath), 0.00415 Therm/gal for SF homes 
(Kitchen), 0.00394 Therm/gal for SF homes (Unknown) 

= 0.00397 Therm/gal for MF homes (Bath), 0.00484 Therm/gal for MF homes 
(Kitchen), 0.00459 Therm/gal for MF homes (Unknown) 

RE_gas  = Recovery efficiency of gas water heater 

  = 78% For SF homes
965

  

  = 67% For MF homes
966

 

100,000 = Converts Btus to Therms (btu/Therm) 

    Other variables as defined above. 

                                                                 
964

 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for 
Midwest Region, data for the state of IL. If utilities have specific evaluation results providing a more appropriate 
assumption for homes in a particular market or geographical area then that should be used 
965 

DOE Final Rule discusses Recovery Efficiency with an average around 0.76 for Gas Fired Storage Water heaters 
and 0.78 for standard efficiency gas fired tankless water heaters up to 0.95 for the highest efficiency gas fired 
condensing tankless water heaters. These numbers represent the range of new units however, not the range of 
existing units in stock. Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW 
units of 70-87%. Average of existing units is estimated at 78%. 
966

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

Δgallons  = ((GPM_base * L_base - GPM_low * L_low) * Household * 365.25 *DF / FPH) * ISR 

 Variables as defined above 

 

For example, a direct-installed kitchen low flow faucet aerator in a fuel DHW single-family home: 

ΔTherms  = 1.0 * (((1.39 * 4.5 – 0.94 * 4.5) * 2.56 * 365.25 *0.75) / 1) * 0.00415 * 0.95 

= 5.60 Therms 

 

For example, a direct installed bath low flow faucet aerator in a fuel DHW multi-family home: 

ΔTherms  = 1.0 * (((1.39 * 1.6 – 0.94 * 1.6) * 2.1 * 365.25 * 0.90) /1.5) * 0.003974 * 0.95 

= 1.25 Therms 

 

For example, a direct installed low flow faucet aerator in unknown faucet in a fuel DHW single-family home: 

ΔTherms = 1.0 * (((1.39 * 6.1– 0.94 * 6.1) * 2.56 * 365.25 * 0.795) /3.83) * 0.00394 * 0.95 

= 1.99 Therms 

 

For example, a direct-installed kitchen low flow aerator in a single family home  

Δgallons  = (((1.39 * 4.5 – 0.94 * 4.5) * 2.56 * 365.25 *0.75) / 1) * 0.95 

= 1350 gallons 

For example, a direct installed bath low flow faucet aerator in a multi-family home: 

Δgallons = (((1.39 * 1.6 – 0.94 * 1.6) * 2.1 * 365.25 * 0.90) /1.5) * 0.95 

= 314 gallons 

For example, a direct installed low flow faucet aerator in unknown faucet in a single-family home: 

Δgallons = (((1.39 * 9.0 – 0.94 * 9.0) * 2.56 * 365.25 * 0.795) /3.83) * 0.95 

= 747 gallons 
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DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

SOURCES 

Source ID Reference 

1 2011, DeOreo, William. California Single Family Water Use Efficiency Study. April 20, 2011. 

2 2000, Mayer, Peter, William DeOreo, and David Lewis. Seattle Home Water Conservation Study. 

December 2000. 

3 1999, Mayer, Peter, William DeOreo. Residential End Uses of Water. Published by AWWA Research 

Foundation and American Water Works Association. 1999. 

4 2003, Mayer, Peter, William DeOreo. Residential Indoor Water Conservation Study. Aquacraft, Inc. 

Water Engineering and Management. Prepared for East Bay Municipal Utility District and the US EPA. 

July 2003. 

5 2011, DeOreo, William. Analysis of Water Use in New Single Family Homes. By Aquacraft. For Salt Lake 

City Corporation and US EPA. July 20, 2011. 

6 2011, Aquacraft. Albuquerque Single Family Water Use Efficiency and Retrofit Study. For Albuquerque 

Bernalillo County Water Utility Authority. December 1, 2011. 

7 2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the 

Baseline for Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in 

Buildings. 

MEASURE CODE: RS-HWE-LFFA-V03-140601 
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 Low Flow Showerheads  5.4.5

DESCRIPTION  

This measure relates to the installation of a low flow showerhead in a single or multi-family household.  

This measure may be used for units provided through Efficiency Kit’s however the in service rate for such measures 
should be derived through evaluation results specifically for this implementation methodology.  

This measure was developed to be applicable to the following program types:  TOS, RF, NC, DI, KITS.   
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 a low flow showerhead rated at 2.0 gallons per minute 
(GPM) or less. Savings are calculated on a per showerhead fixture basis. 

DEFINITION OF BASELINE EQUIPMENT  

For Direct-install programs, the baseline condition is assumed to be a standard showerhead rated at 2.5 GPM or 
greater. 

For retrofit and time-of-sale programs, the baseline condition is assumed to be a representative average of existing 
showerhead flow rates of participating customers including a range of low flow showerheads, standard-flow 
showerheads, and high-flow showerheads. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The expected measure life is assumed to be 10 years.
967

 

DEEMED MEASURE COST  

The incremental cost for this measure is $12
968

 or program actual. 

For low flow showerheads provided in Efficiency Kits, the actual program delivery costs should be utilized. 

LOADSHAPE 

Loadshape R03 - Residential Electric DHW 

                                                                 
967

 Table C-6, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS 
Associates, June 2007.  Evaluations indicate that consumer dissatisfaction may lead to reductions in persistence, 
particularly in Multi-Family , 
"http://neep.org/uploads/EMV%20Forum/EMV%20Studies/measure_life_GDS%5B1%5D.pdf" 
968

 Direct-install price per showerhead assumes cost of showerhead (Market research average of $7 and assess and 
install time of $5 (20min @ $15/hr) 



Illinois Statewide Technical Reference Manual - 5.4.5 Low Flow Showerheads 

 

Page 562 of 675 
 

COINCIDENCE FACTOR  

The coincidence factor for this measure is assumed to be 2.78%.
969

 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

Note these savings are per showerhead fixture 

ΔkWh   = %ElectricDHW  * ((GPM_base * L_base - GPM_low * L_low) * Household * SPCD * 365.25 / 
SPH) * EPG_electric * ISR 

Where: 

%ElectricDHW  = proportion of water heating supplied by electric resistance heating 

DHW fuel %ElectricDHW 

Electric 100% 

Natural Gas 0% 

Unknown 16%
970

 

 

GPM_base = Flow rate of the baseline showerhead 

Program GPM_base 

Direct-install 2.67
971

 

Retrofit or TOS 2.35
972

 

 

                                                                 
969

 Calculated as follows: Assume 11% showers take place during peak hours (based on: 
http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-
Family-Homes-Using-Flow-Trace-Analysis.pdf). There are 65 days in the summer peak period, so the percentage of 
total annual aerator use in peak period is 0.11*65/365 = 1.96%. The number of hours of recovery during peak 
periods is therefore assumed to be 1.96% * 369 = 7.23 hours of recovery during peak period, where 369 equals the 
average annual electric DHW recovery hours for showerhead use including SF and MF homes with Direct Install 
and Retrofit/TOS measures. There are 260 hours in the peak period so the probability you will see savings during 
the peak period is 7.23/260 = 0.0278 
970

 Default assumption for unknown fuel is based on EIA Residential Energy Consumption Survey (RECS) 2009 for 
Midwest Region, data for the state of IL. If utilities have specific evaluation results providing a more appropriate 
assumption for homes in a particular market or geographical area then that should be used 
971

 Based on measured data from Ameren IL EM&V of Direct-Install program. Program targets showers that are 
rated 2.5 GPM or above. 
972

 Representative value from sources 1, 2, 4, 5, 6 and 7 (See Source Table at end of measure section) adjusted 
slightly upward to account for program participation which is expected to target customers with existing higher 
flow devices rather than those with existing low flow devices. 

http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf
http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf
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GPM_low = As-used flow rate of the low-flow showerhead, which may, as a result of 
measurements of program evaulations deviate from rated flows, see table below: 
 

Rated Flow 

2.0 GPM 

1.75 GPM 

1.5 GPM 

Custom or Actual
973

 

 
L_base  = Shower length in minutes with baseline showerhead 

  = 7.8 min
974

 

L_low  = Shower length in minutes with low-flow showerhead 

  = 7.8 min
975

 

Household = Average  number of people per household 

Household Unit Type
976

 Household 

Single-Family - Deemed  2.56
977

 

Multi-Family - Deemed 2.1
978

  

Custom Actual Occupancy 
or  Number of 
Bedrooms

979
 

SPCD  = Showers Per Capita Per Day 

                                                                 
973

 Note that actual values may be either a) program-specific minimum flow rate, or b) program-specific 
evaluation-based value of actual effective flow-rate due to increased duration or temperatures. The latter 
increases in likelihood as the rated flow drops and may become significant at or below rated flows of 1.5 GPM. The 
impact can be viewed as the inverse of the throttling described in the footnote for baseline flowrate. 
974

 Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum dated June 2013, 
directed to Michigan Evaluation Working Group. This study of 135 single and multi-family homes in Michigan 
metered energy parameters for efficient showerhead and faucet aerators.  
975

 Ibid. 
976

 If household type is unknown, as may be the case for time of sale measures, then single family deemed value 
shall be used. 
977

 ComEd Energy Efficiency/ Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) Evaluation Report: All 
Electric Single Family Home Energy Performance Tune-Up Program citing 2006-2008 American Community Survey 
data from the US Census Bureau for Illinois cited on p. 17 of the PY2 Evaluation report. 2.75 * 93% evaluation 
adjustment 
978

 ComEd PY3 Multi-Family Evaluation Report REVISED DRAFT v5 2011-12-08.docx 
979

 Bedrooms are suitable proxies for household occupancy, and may be preferable to actual occupancy due to 
turnover rates in residency and non-adult population impacts. 
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  = 0.6
980

 

  365.25  = Days per year, on average. 

SPH  = Showerheads Per Household so that per-showerhead savings fractions can 
be determined 

Household Type SPH 

Single-Family 1.79
981

 

Multi-Family 1.3
982

 

Custom Actual 

 

EPG_electric = Energy per gallon of hot water supplied by electric 

= (8.33 * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_electric * 3412) 

= (8.33 * 1.0 * (101 – 54.1)) / (0.98 * 3412) 

= 0.117 kWh/gal 

8.33  = Specific weight of water (lbs/gallon) 

1.0  = Heat Capacity of water (btu/lb-°) 

ShowerTemp = Assumed temperature of water 

  = 101F 
983

 

SupplyTemp = Assumed temperature of water entering house 

    = 54.1F 
984

 

RE_electric = Recovery efficiency of electric water heater 

  = 98% 
985

 

                                                                 
980

 Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum dated June 2013, 
directed to Michigan Evaluation Working Group. 
981

 Based on findings from a 2009 ComEd residential survey of 140 sites, provided by Cadmus. 
982

 Ibid. 
983

 Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter Study Memorandum dated June 2013, 
directed to Michigan Evaluation Working Group. 
984

 US DOE Building America Program. Building America Analysis Spreadsheet.  For Chicago, IL 
http://www1.eere.energy.gov/buildings/building_america/analysis_spreadsheets.html.  
985

 Electric water heaters have recovery efficiency of 98%: 
 

http://www1.eere.energy.gov/buildings/building_america/analysis_spreadsheets.html
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3412  = Converts Btu to kWh (btu/kWh) 

ISR  = In service rate of showerhead 

= Dependant on program delivery method as listed in table below 

Selection ISR 

Direct Install - Single Family 0.98
986

 

Direct Install – Multi Family  0.95
987

 

Efficiency Kits To be determined 
through evaluation 

 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

ΔkW  = ΔkWh/Hours * CF 

Where: 

ΔkWh = calculated value above 

Hours  = Annual electric DHW recovery hours for showerhead use 

= ((GPM_base * L_base) * Household * SPCD * 365.25 ) * 0.712
988

 / GPH 

= 302 for SF Direct Install; 248 for MF Direct Install 

= 266 for SF Retrofit and TOS; 218 for MF Retrofit and TOS 

GPH = Gallons per hour recovery of electric water heater calculated for 65.9F temp rise (120-

                                                                                                                                                                                                               
http://www.ahridirectory.org/ahridirectory/pages/home.aspx 
986

 Deemed values are from ComEd Energy Efficiency/ Demand Response Plan: Plan Year 2 (6/1/2009-5/31/2010) 
Evaluation Report: All Electric Single Family Home Energy Performance Tune-Up Program Table 3-8. Alternative 
ISRs may be developed for program delivery methods based on evaluation results. 
987

 Navigant, ComEd-Nicor Gas EPY4/GPY1 Multi-Family Home Energy Savings Program Evaluation Report FINAL 
2013-06-05 
988

 71.2% is the proportion of hot 120F water mixed with 54.1F supply water to give 101F shower water.  

For example, a direct-installed 1.5 GPM low flow showerhead in a single family home with electric DHW 
where the number of showers is not known: 

ΔkWh   = 1.0 * ((2.67 * 7.8 – 1.5 * 7.8) * 2.56 * 0.6 * 365.25 / 1.79) * 0.117 * 0.98 

= 328 kWh 

 

http://www.ahridirectory.org/ahridirectory/pages/home.aspx
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54.1), 98% recovery efficiency, and typical 4.5kW electric resistance storage tank. 

= 27.51 

CF = Coincidence Factor for electric load reduction 

= 0.0278
989

 

 

NATURAL GAS SAVINGS  

ΔTherms  = %FossilDHW * ((GPM_base * L_base - GPM_low * L_low) * Household * SPCD 
* 365.25 / SPH) * EPG_gas * ISR 

Where:  

%FossilDHW  = proportion of water heating supplied by Natural Gas heating 

DHW fuel %Fossil_DHW 

Electric 0% 

Natural Gas 100% 

Unknown 84%
990

 

 

EPG_gas  = Energy per gallon of Hot water supplied by gas 

= (8.33 * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_gas * 100,000) 

 = 0.00501 Therm/gal for SF homes 

= 0.00583 Therm/gal for MF homes 

                                                                 
989

 Calculated as follows: Assume 11% showers take place during peak hours (based on: 
http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-
Family-Homes-Using-Flow-Trace-Analysis.pdf). There are 65 days in the summer peak period, so the percentage of 
total annual aerator use in peak period is 0.11*65/365 = 1.96%. The number of hours of recovery during peak 
periods is therefore assumed to be 1.96% * 369 = 7.23 hours of recovery during peak period where 369 equals the 
average annual electric DHW recovery hours for showerhead use including SF and MF homes with Direct Install 
and Retrofit/TOS measures. There are 260 hours in the peak period so the probability you will see savings during 
the peak period is 7.23/260 = 0.0278 
990

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

For example, a direct installed 1.5 GPM low flow showerhead in a single family home with electric DHW where 
the number of showers is not known: 

ΔkW   = 328/302 * 0.0278 

= 0.0302 kW 

 

http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf
http://www.aquacraft.com/sites/default/files/pub/DeOreo-%282001%29-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf
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RE_gas  = Recovery efficiency of gas water heater 

  = 78% For SF homes
991

  

  = 67% For MF homes
992

 

100,000  = Converts Btus to Therms (btu/Therm) 

Other variables as defined above. 

 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

Δgallons   = ((GPM_base * L_base - GPM_low * L_low) * Household * SPCD * 365.25 / SPH) * ISR 

Variables as defined above 

 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

SOURCES 

                                                                 
991

 DOE Final Rule discusses Recovery Efficiency with an average around 0.76 for Gas Fired Storage Water heaters 
and 0.78 for standard efficiency gas fired tankless water heaters up to 0.95 for the highest efficiency gas fired 
condensing tankless water heaters. These numbers represent the range of new units however, not the range of 
existing units in stock. Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW 
units of 70-87%. Average of existing units is estimated at 78%. 
992

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

For example, a direct installed 1.5 GPM low flow showerhead in a gas fired DHW single family home where the 
number of showers is not known: 

ΔTherms  = 1.0 * ((2.67 * 7.8 – 1.5 * 7.8) * 2.56 * 0.6 * 365.25 / 1.79) * 0.00501 * 0.98 

= 14.0 therms 

 

For example, a direct installed 1.5 GPM low flow showerhead in a single family home where the number of 
showers is not known: 

Δgallons  = ((2.67 * 7.8 – 1.5 * 7.8) * 2.56 * 0.6 * 365.25 / 1.79) * 0.98 

= 2803 gallons 
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Source ID Reference 

1 2011, DeOreo, William. California Single Family Water Use Efficiency Study. April 20, 2011. 

2 2000, Mayer, Peter, William DeOreo, and David Lewis. Seattle Home Water Conservation Study. 
December 2000. 

3 1999, Mayer, Peter, William DeOreo. Residential End Uses of Water. Published by AWWA Research 
Foundation and American Water Works Association. 1999. 

4 2003, Mayer, Peter, William DeOreo. Residential Indoor Water Conservation Study. Aquacraft, Inc. 
Water Engineering and Management. Prepared for East Bay Municipal Utility District and the US EPA. 
July 2003. 

5 2011, DeOreo, William. Analysis of Water Use in New Single Family Homes. By Aquacraft. For Salt Lake 
City Corporation and US EPA. July 20, 2011. 

6 2011, Aquacraft. Albuquerque Single Family Water Use Efficiency and Retrofit Study. For Albuquerque 
Bernalillo County Water Utility Authority. December 1, 2011. 

7 2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the 
Baseline for Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in 
Buildings. 

 

MEASURE CODE: RS-HWE-LFSH-V03-140601 
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 Water Heater Temperature Setback  5.4.6

DESCRIPTION  

The thermostat setting of a hot water tank is lowered to no lower than 120 degrees.    The savings are from the 
Connecticut TRM which considers that for some draws, the hot water flow will be increased to make up for the 
lower temperature, and that additional dishwasher’s supplemental heating will be required. 

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

DEFINITION OF EFFICIENT EQUIPMENT  

High efficiency is a hot water tank with the thermostat reduced to no lower than 120 degrees. 

DEFINITION OF BASELINE EQUIPMENT  

The baseline condition is a hot water tank with a thermostat setting that is higher than 120 degrees, typically 
systems with settings of 130 degrees or higher, the default analysis assumes a 15 degree setback. Note if there are 
more than one DHW tanks in the home at or higher than 130 degrees and they are all turned down, then the 
savings per tank can be multiplied by the number of tanks. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The assumed lifetime of the measure is 2 years. 

DEEMED MEASURE COST  

The incremental cost of a setback is assumed to be $5 for contractor time, or no cost if the measure is self-
installed. 

LOADSHAPE 

Loadshape R03 - Residential Electric DHW 

COINCIDENCE FACTOR  

The summer peak coincidence factor for this measure is assumed to be 1. 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS 

For homes with electric DHW tanks: 
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ΔkWh  = 86.4 kWh * (Tpre – Tpost) / 15 

Where:  

86.4 kWh = Estimate of savings derived in UL and CLP Program Savings Documentation, 2010. 

Tpre  = Actual hot water setpoint prior to adjustment 

Tpost  = Actual new hot water setpoint, which may not be lower than 120 degrees 

Default Hot Water Temperature 
Inputs 
Tpre 135 

Tpost 120 

 

15  = Delta watts used to derive the UL and CLP Program Savings Documentation estimate. 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

  ∆kW = ∆kWh / Hours * CF 

Where: 

Hours  = 8766 

 CF  = Summer Peak Coincidence Factor for measure 

  = 1 

 

ΔkW  = (86.4 * (Tpre – Tpost) / 15) / 8766 * 1 

ΔkW default = 0.00986 kW 

NATURAL GAS SAVINGS  

For homes with gas water heaters: 
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ΔTherms = 6.4 therms* (Tpre – Tpost) / 15  

ΔkWh
993

  = -34.2 kWh * (Tpre – Tpost) / 15  

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: RS-HWE-TMPS-V03-140601 

                                                                 
993

 The ΔkWh accounts for the increased use of dishwasher’s supplemental heating. 
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 Water Heater Wrap 5.4.7

DESCRIPTION  

This measure relates to a Tank Wrap or insulation “blanket” that is wrapped around the outside of a hot water 
tank to reduce stand-by losses. This measure applies only for homes that have an electric water heater that is not 
already well insulated. Generally this can be determined based upon the appearance of the tank.

994
 

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

DEFINITION OF EFFICIENT EQUIPMENT  

The measure is a properly installed, R-8 or greater insulating tank wrap to reduce standby energy losses from the 
tank to the surrounding ambient area. 

DEFINITION OF BASELINE EQUIPMENT  

The baseline is a standard electric domestic hot water tank without an additional tank wrap. Gas storage water 
heaters are excluded due to the limitations of retrofit wrapping and the associated impacts on reduced savings and 
safety. 

DEEMED LIFETIME OF EFFICIENT EQUIPMENT  

The measure life is assumed to be 5 years
995

. 

DEEMED MEASURE COST  

The incremental cost for this measure will be the actual material cost of procuring and labor cost of installing the 
tank wrap. 

LOADSHAPE 

Loadshape R03 - Residential Electric DHW 

COINCIDENCE FACTOR  

This measure assumes a flat loadshape and as such the coincidence factor is 1. 

Algorithm 

                                                                 
994

 Visually determine whether it is insulated by foam (newer, rigid, and more effective) or fiberglass (older, gives 
to gently pressure, and not as effective) 
995

 This estimate assumes the tank wrap is installed on an existing unit with 5 years remaining life.   
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CALCULATION OF SAVINGS 

ELECTRIC ENERGY SAVINGS 

For electric DHW systems: 

ΔkWh  =  ((UbaseAbase – UinsulAinsul) * ΔT * Hours) / (3.412 * ηDHW) 

Where: 

 Ubase  = Overall heat transfer coefficient prior to adding tank wrap (Btu/Hr-°F-ft2). 

 Uinsul  = Overall heat transfer coefficient after addition of tank wrap (Btu/Hr-°F-ft2). 

 Abase  = Surface area of storage tank prior to adding tank wrap (square feet)
996

 

 Ainsul  = Surface area of storage tank after addition of tank wrap (square feet)
997

 

ΔT  = Average temperature difference between tank water and outside air temperature (°F) 

 = 60°F 
998

 

Hours  = Number of hours in a year (since savings are assumed to be constant over year). 

  = 8766 

3412  = Conversion from Btu to kWh 

ηDHW  = Recovery efficiency of electric hot water heater 

= 0.98 
999

 

  

                                                                 
996

 Area includes tank sides and top to account for typical wrap coverage. 
997

 Ibid. 
998

 Assumes 125°F water leaving the hot water tank and average temperature of basement of 65°F. 
999

 Electric water heaters have recovery efficiency of 98%: 
http://www.ahridirectory.org/ahridirectory/pages/home.aspx 

http://www.ahridirectory.org/ahridirectory/pages/home.aspx
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The following table has default savings for various tank capacity and pre and post R-VALUES. 

Capacity (gal) Rbase Rinsul Abase (ft2)1000 Ainsul (ft2)1001 ΔkWh ΔkW 

30 8 16 19.16 20.94 171 0.0195 

30 10 18 19.16 20.94 118 0.0135 

30 12 20 19.16 20.94 86 0.0099 

30 8 18 19.16 20.94 194 0.0221 

30 10 20 19.16 20.94 137 0.0156 

30 12 22 19.16 20.94 101 0.0116 

40 8 16 23.18 25.31 207 0.0236 

40 10 18 23.18 25.31 143 0.0164 

40 12 20 23.18 25.31 105 0.0120 

40 8 18 23.18 25.31 234 0.0268 

40 10 20 23.18 25.31 165 0.0189 

40 12 22 23.18 25.31 123 0.0140 

50 8 16 24.99 27.06 225 0.0257 

50 10 18 24.99 27.06 157 0.0179 

50 12 20 24.99 27.06 115 0.0131 

50 8 18 24.99 27.06 255 0.0291 

50 10 20 24.99 27.06 180 0.0206 

50 12 22 24.99 27.06 134 0.0153 

80 8 16 31.84 34.14 290 0.0331 

80 10 18 31.84 34.14 202 0.0231 

80 12 20 31.84 34.14 149 0.0170 

80 8 18 31.84 34.14 328 0.0374 

80 10 20 31.84 34.14 232 0.0265 

80 12 22 31.84 34.14 173 0.0198 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

 ∆kW = ∆kWh / 8766 * CF 

Where: 

ΔkWh  = kWh savings from tank wrap installation 

8766 = Number of hours in a year (since savings are assumed to be constant over year). 

CF = Summer Coincidence Factor for this measure 

= 1.0 

                                                                 
1000

 Assumptions from PA TRM. Area values were calculated from average dimensions of several commercially 
available units, with radius values measured to the center of the insulation.  Area includes tank sides and top to 
account for typical wrap coverage. 
1001

 Assumptions from PA TRM. Ainsul was calculated by assuming that the water heater wrap is a 2” thick fiberglass 
material.  
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The table above has default kW savings for various tank capacity and pre and post R-values. 

NATURAL GAS SAVINGS  

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: RS-HWE-WRAP-V01-120601 
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5.5 Lighting End Use 

 ENERGY STAR Compact Fluorescent Lamp (CFL)  5.5.1

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 97% 
Residential and 3% Commercial assumptions should be used

1002
.  

 
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 years

1003
. For bulbs installed June 

2015 – May 2016, this would be reduced to 5 years and then for every subsequent year should be reduced by one 

                                                                 
1002

 RES v C&I split is based on a weighted (by sales volume) average of ComEd PY3, PY4 and PY5 and Ameren PY5 
in store intercept survey results. 
1003

 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. 

http://www.energystar.gov/index.cfm?c=cfls.pr_crit_cfls
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year
1004

.   

Multi Family Common area bulbs: The expected measure life is 1.7 years
1005

 for bulbs installed June 2012 –May 
2017. 

Exterior bulbs: The expected measure life is 4.4 years
1006

 for bulbs installed June 2012 – May 2015. For bulbs 
installed June 2016-May 2017 this would be reduced to 4 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

1007
.  

For the Direct Install measure, the full cost of $2.50 per bulb should be used, plus $5 labor cost
1008

 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 R07 - Residential Outdoor Lighting 

Loadshape C06 - Commercial Indoor Lighting
1009

 

COINCIDENCE FACTOR 

The summer peak coincidence factor is assumed to be 9.5%
1010

 for Residential and in-unit Multi Family bulbs and 
75%

1011
 for Multi Family common area bulbs. 

                                                                 
1004

 Since 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. 
1005

 Based on using 10,000 hour rated life assumption since significantly less switching with higher use. 
10,000/5950 = 1.7years. 
1006

 Based on using 8,000 hour rated life assumption since more switching and use outdoors. 8,000/1825 = 
4.4years 
1007

 Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input 
and provided to Ameren. 
1008

 Based on 15 minutes at $20 an hour. Includes some portion of travel time to site. 
1009

 For Multi Family common area lighting. 
1010

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
“ComEd Residential Energy Star Lighting Program Metering Study: Overview of Study Protocols” 
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf     
 “Memo RE: Lighting Logger Study Results – Version 2, Date: May 27, 2011, To: David Nichols and ComEd 
Residential Lighting Interested Parties, From: Amy Buege and Jeremy Eddy; Navigant Evaluation Team” 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 
1011

 Coincidence factor is based on healthcare/clinic value (used as proxy for multi family common area lighting 
 

http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf
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Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS 

∆kWh = ((WattsBase - WattsEE) / 1000) * ISR * Hours * WHFe    
      

Where: 

WattsBase = Based on lumens of CFL bulb and program year installed: 

Minimum Lumens Maximum Lumens 

Incandescent 
Equivalent 

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 / installed 

ISR   = In Service Rate, the percentage of units rebated that are actually in service. 

                                                                                                                                                                                                               
with similar hours of use) developed using Equest models for various building types averaged across 5 climate 
zones for Illinois. 
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Program 

Weighted 
Average 1st 

year In 
Service Rate 

(ISR) 

2nd year 
Installations 

3rd year 
Installations 

Final 
Lifetime 

In Service 
Rate 

Retail (Time of Sale) 

or Efficiency Kits 
72.2%

1012
 13.9% 11.9% 98.0%

1013
 

Direct Install 96.9%
1014

    

 

Hours   = Average hours of use per year 

Installation Location Hours 
Residential and in-unit Multi Family 938 

1015
 

Multi Family Common Areas 5,950 
1016

 
Exterior 1,825 

1017
 

Unknown 1,000 
1018

 

    

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

                                                                 
1012

 1
st

 year in service rate is based upon review of PY3-5 evaluations from ComEd and PY5 for Ameren (see ‘IL RES 
Lighting ISR.xls’ 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. 
1013

 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

nd
 and 3

rd
 year installations should be counted as part of those future 

program year savings. 
1014

 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. 
1015

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf 
1016

 Multi family common area lighting assumption is 16.3 hours per day (5950 hours per year) based on Focus on 
Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. 
1017

 Based on secondary research conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf 
1018

 Assumes 7% exterior lighting, based on lighting logger study conducted as part of the PY3 ComEd Residential 
Lighting Program evaluation. http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf 

http://www.icc.illinois.gov/downloads/public/edocket/287090.pdf
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf
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Bulb Location WHFe 
Interior single family or unknown location 1.06 

1019
 

Multi family in unit 1.04 
1020

 
Multi family common area 1.04 

1021
 

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 Illinois 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. 

                                                                 
1019

 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 Illinois 
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%20
Region.xls ) 
1020

 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%2
0Unit%20Type.xls  
1021

 Ibid. 

http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xls
http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xls
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
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HEATING PENALTY 

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

∆kWh
1022

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

Where: 

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

   = 49%
1023

 for interior or unknown location 

   = 0% for exterior or unheated location 

ηHeat   = Efficiency in COP of Heating equipment  

= actual. If not available use
1024

: 

 
System Type 

Age of 
Equipment 

HSPF 
Estimate 

ηHeat 
(COP 

Estimate) 

Heat Pump 
Before 2006 6.8 2.00 

After 2006 7.7 2.26 
Resistance N/A N/A 1.00 

                                                                 
1022

 Negative value because this is an increase in heating consumption due to the efficient lighting. 
1023

 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. 
1024

 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. 

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

ΔkWH1st year installs = ((43 - 14) / 1000) * 0.722 * 1000 * 1.06 

= 22.2 kWh 

ΔkWH2nd year installs = ((43 - 14) / 1000) * 0.139 * 1000 * 1.06 

= 4.3 kWh 

 Note: Here we assume no change in hours assumption. NTG value from Purchase year applied. 

ΔkWH3rd year installs = ((43 - 14) / 1000) * 0.119 * 1000 * 1.06 

= 3.7 kWh 
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SUMMER COINCIDENT PEAK DEMAND SAVINGS 

∆kW = ((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

1025
 

Multi family in unit 1.07
1026

 

Multi family common area 1.07 
1027

 
Exterior or uncooled location 1.0 

 

CF   = Summer Peak Coincidence Factor for measure. 

                                                                 
1025

 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.  
1026

 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%2
0Unit%20Type.xls.  
1027

 Ibid 

For example, a 14W standard CFL is purchased in 2014 and installed in home with 2.0 COP Heat Pump: 

∆kWh1st year   = - (((43 - 14) / 1000) * 0.722 * 938 * 0.49) / 2.0 

   = - 4.8 kWh 

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

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
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Bulb Location CF 
Interior single family or unknown location 9.5% 

1028
 

Multi family in unit 9.5% 
1029

 

Multi family common area 75% 
1030

 

 

Other factors as defined above 

 

NATURAL GAS SAVINGS 

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

ΔTherms
1031

  = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF * 0.03412) / ηHeat  

Where: 

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

   = 49%
1032

 for interior or unknown location 

   = 0% for exterior or unheated location 

0.03412  =Converts kWh to Therms 

ηHeat  = Efficiency of heating system 

                                                                 
1028

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
“ComEd Residential Energy Star Lighting Program Metering Study: Overview of Study Protocols” 
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf     
 “Memo RE: Lighting Logger Study Results – Version 2, Date: May 27, 2011, To: David Nichols and ComEd 
Residential Lighting Interested Parties, From: Amy Buege and Jeremy Eddy; Navigant Evaluation Team” 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 
1029

 Ibid. 
1030

 Coincidence factor is based on healthcare/clinic value (used as proxy for multi family common area lighting 
with similar hours of use) developed using Equest models for various building types averaged across 5 climate 
zones for Illinois for the following building types. 
1031

 Negative value because this is an increase in heating consumption due to the efficient lighting. 
1032

 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. 

For example, a 14W standard CFL is purchased and installed in a single family interior location in 2014: 

ΔkW  = ((43 - 14) / 1000) * 0.722 * 1.11 * 0.095 

= 0.0022 kW 

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

 

http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf
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   =70%
1033

  

 

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
1034

. 

  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 

                                                                 
1033

 This has been estimated assuming that natural gas central furnace heating is typical for Illinois 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%20R
egion.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 
1034

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

For example, a14 standard CFL is purchased and installed in a home in 2014: 

∆Therms   = - (((43 - 14) / 1000) * 0.722 * 938 * 0.49 * 0.03412) / 0.7 

   = - 0.47 Therms 

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

Location Lumen Level 

NPV of replacement costs for period 
Levelized annual replacement cost 

savings 

June 2014 - 
May 2015 

June 2015 - 
May 2016 

June 2016 - 
May 2017 

June 2014 - 
May 2015 

June 2015 - 
May 2016 

June 2016 - 
May 2017 

Residential and 
in-unit Multi 

Family 

Lumens <310 or >2600 
(EISA exempt) 

$1.12 $1.07 $0.82 $0.25 $0.25 $0.23 

Lumens ≥ 310 and ≤ 
2600 (EISA compliant) 

$2.46 $2.14 $1.53 $0.55 $0.50 $0.44 

Multi Family 
Common Areas 

Lumens <310 or >2600 
(EISA exempt) 

$2.88 $2.88 $2.88 $1.81 $1.81 $1.81 

Lumens ≥ 310 and ≤ 
2600 (EISA compliant) 

$9.27 $7.24 $6.40 $5.84 $4.56 $4.03 

Exterior 

Lumens <310 or >2600 
(EISA exempt) 

$2.06 $2.06 $1.87 $0.54 $0.54 $0.53 

Lumens ≥ 310 and ≤ 
2600 (EISA compliant) 

$5.10 $4.35 $3.61 $1.33 $1.13 $1.02 

Unknown 

Lumens <310 or >2600 
(EISA exempt) 

$1.19 $1.14 $0.88 $0.27 $0.26 $0.25 

Lumens ≥ 310 and ≤ 
2600 (EISA compliant) 

$2.62 $2.28 $1.64 $0.59 $0.53 $0.46 

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.

1035
 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-V03-140601 

 
 

                                                                 
1035

 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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 ENERGY STAR Specialty Compact Fluorescent Lamp (CFL)  5.5.2

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 97% Residential and 3% Commercial assumptions should be used

1036
. 

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 year
1037

.  

Multi Family Common area bulbs: The expected measure life is 1.7 years
1038

 for bulbs installed June 2012 –May 
2017. 

Exterior bulbs: The expected measure life is 4.4 years
1039

 for bulbs installed June 2012 – May 2015. For bulbs 
installed June 2016-May 2017 this would be reduced to 4 years. 

                                                                 
1036

 RES v C&I split is based on a weighted (by sales volume) average of ComEd PY3, PY4 and PY5 and Ameren PY5 
in store intercept survey results. 
1037

 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). 
1038

 Based on using 10,000 hour rated life assumption since significantly less switching with higher use. 
10,000/5950 = 1.7years. 
1039

 Based on using 8,000 hour rated life assumption since more switching and use ourdoors. 8,000/1825 = 
4.4years 

http://energystar.gov/products/specs/sites/products/files/ENERGY_STAR_Lamps_V1_0_Draft%203.pdf
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DEEMED MEASURE COST  

For the Retail (Time of Sale) measure, the incremental capital cost for this measure is $5
1040

.  

For the Direct Install measure, the full cost of $8.50 should be used plus $5 labor
1041

 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.. 

LOADSHAPE 

Loadshape R06 - Residential Indoor Lighting 

Loadshape R07 - Residential Outdoor Lighting 

Loadshape C06 - Commercial Indoor Lighting
1042

 

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

1043
   

Bulb Type Peak CF 

Three-way 0.081 

Dimmable 0.081 

Interior reflector (incl. dimmable) 0.095 

Exterior reflector 0.184 

Candelabra base and candle medium and intermediate base 0.122 

Bug light 0.184 

Post light (>100W) 0.184 

Daylight 0.095 

Plant light 0.095 

Globe 0.116 

Vibration or shatterproof 0.095 

Standard spirals >= 2601 lumens 0.095 

Specialty - Generic 0.095 

 

 

 

                                                                 
1040

 NEEP Residential Lighting Survey, 2011 
1041

 Based on 15 minutes at $20 per hour. 
1042

 For Multi Family common area lighting. 
1043

 Lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation, results 
were used to calculate the average coincident peak factor in the rooms where the specialty bulbs are most likely to 
be installed. http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 

http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf
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Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS 

∆kWh = ((WattsBase - WattsEE) / 1000) * ISR * Hours * WHFe     
     

Where: 

WattsBase = Actual wattage equivalent of incandescent specialty bulb, use the tables 
below to obtain the incandescent bulb equivalent wattage

1044
; use 60W if unknown

1045
  

EISA exempt bulb types: 

Bulb Type Lower Lumen 
Range 

Upper Lumen 
Range 

WattsBase 

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 
(medium and intermediate bases less 

than 750 lumens) 

90 179 10 

180 249 15 

250 349 25 

350 749 40 

Decorative 70 89 10 

                                                                 
1044

 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. 
1045

 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) 

http://energystar.gov/products/specs/sites/products/files/ENERGY_STAR_Lamps_V1_0_Draft%203.pdf
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Bulb Type Lower Lumen 
Range 

Upper Lumen 
Range 

WattsBase 

(Shapes B, BA, C, CA, DC, F, G, medium 
and intermediate bases less than 750 

lumens) 

90 149 15 

150 299 25 

300 749 40 

Globe 
(candelabra bases less than 1050 

lumens) 

90 179 10 

180 249 15 

250 349 25 

350 499 40 

500 1049 60 

Decorative 
(Shapes B, BA, C, CA, DC, F, G, 

candelabra bases less than 1050 
lumens) 

70 89 10 

90 149 15 

150 299 25 

300 499 40 

500 1049 60 

Reflector with medium screw bases w/ 
diameter <=2.25" 

400 449 40 

450 499 45 

500 649 50 

650 1199 65 

R, PAR, ER, BR, BPAR or similar bulb 
shapes with medium screw bases w/ 

diameter >2.5" (*see exceptions below) 

640 739 40 

740 849 45 

850 1179 50 

1180 1419 65 

1420 1789 75 

1790 2049 90 

2050 2579 100 

2580 3429 120 

3430 4270 150 

R, PAR, ER, BR, BPAR or similar bulb 
shapes with medium screw bases w/ 

diameter > 2.26'' and ≤ 2.5"  (*see 
exceptions below) 

540 629 40 

630 719 45 

720 999 50 

1000 1199 65 

1200 1519 75 

1520 1729 90 

1730 2189 100 

2190 2899 120 

2900 3850 150 

*ER30, BR30, BR40, or ER40 
400 449 40 

450 499 45 
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Bulb Type Lower Lumen 
Range 

Upper Lumen 
Range 

WattsBase 

500 649-1179
1046

 50 

*BR30, BR40, or ER40 650 1419 65 

*R20 
400 449 40 

450 719 45 

*All reflector lamps 
below lumen ranges specified above 

200 299 20 

300 399-639
1047

 30 

 

EISA non-exempt bulb types: 

Bulb Type Lower 
Lumen 
Range 

Upper 
Lumen 
Range 

Incandescent 
Equivalent 

Post-EISA 2007 
(WattsBase) 

Dimmable Twist, Globe (less than 5" in 
diameter and > 749 lumens), candle 

(shapes B, BA, CA > 749 lumens), 
Candelabra Base Lamps (>1049 lumens), 
Intermediate Base Lamps (>749 lumens) 

310 749 29 

750 1049 43 

1050 1489 53 

1490 2600 72 

 

WattsEE = Actual wattage of energy efficient specialty bulb purchased, use 15W if 
unknown

1048
 

  ISR   = In Service Rate, the percentage of units rebated that are actually in service. 

                                                                 
1046

 The upper bounds for these categories depends on the lower bound of the next higher wattage, which varies 
by bulb type. 
1047

 As above. 
1048

 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). 

http://ilsag.org/yahoo_site_admin/assets/docs/ComEd_Res_Lighting_PY2_Evaluation_Report_2010-12-21_Final.12113928.pdf
http://ilsag.org/yahoo_site_admin/assets/docs/ComEd_Res_Lighting_PY2_Evaluation_Report_2010-12-21_Final.12113928.pdf
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Program 

Weighted 
Average 1st 

year In 
Service Rate 

(ISR) 

2nd year 
Installations 

3rd year 
Installations 

Final 
Lifetime 

In Service 
Rate 

Retail (Time of 

Sale) or 

Efficiency Kits 
82.3%

1049
 8.5% 7.2% 98.0%

1050
 

Direct Install 96.9%
1051

    

 
  Hours   = Average hours of use per year, varies by bulb type as presented below:

1052
 

Bulb Type 
Annual hours 
of use (HOU) 

Three-way 897 

Dimmable 897 

Interior reflector (incl. dimmable) 938 

Exterior reflector 1825 

Candelabra base and candle medium and 
intermediate base 1328 

Bug light 1825 

Post light (>100W) 1825 

Daylight 938 

Plant light 938 

Globe 847 

Vibration or shatterproof 938 

Standard Spiral >2601 lumens, Residential, Multi 
Family in-unit or unknown 938 

Standard Spiral >2601 lumens, Multi Family 
Common area 5950 

                                                                 
1049

 1
st

 year in service rate is based upon review of PY3-5 evaluations from ComEd and PY5 from Ameren (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.  
1050

 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

nd
 and 3

rd
 year installations should be counted as part of those future 

program year savings. 
1051

 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. 
1052

 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. Annual hours of use by location in the home from Docket No. 10-
0520, ICC Staff Exhibit 1.4, RE: Lighting Logger Study Results – Version 2, Navigant, May 27, 2011. 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 

http://www.icc.illinois.gov/downloads/public/edocket/287090.pdf
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf
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Standard Spiral >2601 lumens, Exterior 1825 

Specialty - Generic 938 

 

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 

1053
 

Multi family in unit 1.04 
1054

 
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 Illinois 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. 

                                                                 
1053

 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 Illinois 
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%20
Region.xls ) 
1054

 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%2
0Unit%20Type.xls  

http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xls
http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xls
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
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HEATING PENALTY 

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

∆kWh
1055

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

Where: 

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

= 49%
1056

 for interior or unknown location 

= 0% for exterior location 

ηHeat  = Efficiency in COP of Heating equipment  

= actual. If not available use
1057

: 

System Type Age of Equipment HSPF 
Estimate 

ηHeat 
(COP Estimate) 

Heat Pump Before 2006 6.8 2.00 

After 2006 7.7 2.26 

Resistance N/A N/A 1.00 

                                                                 
1055

 Negative value because this is an increase in heating consumption due to the efficient lighting. 
1056

 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. 
1057

 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. 

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

ΔkWH1st year installs = ((60 - 13) / 1000) * 0.823 * 897 * 1.06 

= 36.8 kWh 

ΔkWH2nd year installs = ((43 - 13) / 1000) * 0.085 * 897 * 1.06 

= 2.4 kWh 

 Note: Here we assume no change in hours assumption. NTG value from Purchase year applied. 

ΔkWH3rd year installs = ((43 - 13) / 1000) * 0.072 * 897 * 1.06 

= 2.1 kWh 
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SUMMER COINCIDENT PEAK DEMAND SAVINGS 

∆kW =((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 1.11

1058
 

Multi family in unit 1.07
1059

 

Exterior or uncooled location 1.0 

CF  = Summer Peak Coincidence Factor for measure. Coincidence factors by bulb 
types are presented below

1060
   

Bulb Type Peak CF 

Three-way 0.081 

Dimmable 0.081 

Interior reflector (incl. dimmable) 0.095 

Exterior reflector 0.184 

Candelabra base and candle medium and intermediate base 0.122 

Bug light 0.184 

Post light (>100W) 0.184 

Daylight 0.095 

Plant light 0.095 

Globe 0.116 

Vibration or shatterproof 0.095 

Standard Spiral >=2601 lumens 0.095 

Specialty - Generic 0.095 

                                                                 
1058

 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.  
1059

 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%2
0Unit%20Type.xls.  
1060

 Lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation, results 
were used to calculate the average coincident peak factor in the rooms where the specialty bulbs are most likely to 
be installed.  

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

∆kWh1st year     = - (((60 - 15) / 1000) * 0.823 * 938 * 0.49) / 2.0 

= - 8.5 kWh 

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

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
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Other factors as defined above 

 

NATURAL GAS SAVINGS 

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

∆Therms
1061

  = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF * 0.03412) / ηHeat  

Where: 

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

   = 49%
1062

 for interior or unknown location 

   = 0% for exterior location 

0.03412  =Converts kWh to therms 

ηHeat  = Efficiency of heating system 

    =70%
1063

  

 

                                                                 
1061

 Negative value because this is an increase in heating consumption due to the efficient lighting. 
1062

 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. 
1063

 This has been estimated assuming that natural gas central furnace heating is typical for Illinois 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 

For example, a 15W specialty CFL replacing a 60W incandescent specialty bulb: 

ΔkW1st year  = ((60 - 15) / 1000) * 0.823 * 1.11 * 0.095 

= 0.004 kW 

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

1064
; baseline replacement cost is assumed to be $3.5

1065
. 

For non-exempt EISA bulb types defined above, 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 CFL is calculated (see RES Specialty CFL O&M calc.xls) for each CFL lumen range and installation year and 
using the statewide real discount rate of 5.23%. The key assumptions used in this calculation are documented 
below: 

 
Standard 

Incandescent 
EISA Qualified 

Incandescent/Halogen 

Replacement Cost $3.50 $5.00 

Component Rated Life (hrs) 1000 1000 

 

The Net Present Value of the baseline replacement costs
1066

: 

Lumen Range 

NPV of baseline replacement costs 

June 2014 - 
May 2015 

June 2015 - 
May 2016 

June 2016 - 
May 2017 

1490-2600 $21.08  $17.28  $13.29  

1050-1489 $21.08  $17.28  $13.29  

750-1049 $21.08  $17.28  $13.29  

310-749 $21.08  $17.28  $13.29  

 
The annual levelized baseline replacement costs: 
 

Lumen Range 
Levelized annual replacement cost 

savings 

                                                                 
1064

 Assuming 1000 hour rated life for incandescent bulb: 1000/938 = 1.07 
1065

 NEEP Residential Lighting Survey, 2011 
1066

 See ‘RES Specialty CFL O&M calc.xls’ for more details. 

For example, a 15W specialty CFL replacing a 60W incandescent specialty bulb: 

∆Therms   = - (((60 - 15) / 1000) * 0. 823 * 938 * 0.49 * 0.03412) / 0.7 

   = - 0.83 therms 

Second and third year savings should be calculated using the appropriate ISR. 
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June 2014 - 
May 2015 

June 2015 - 
May 2016 

June 2016 - 
May 2017 

1490-2600 $3.76  $3.09  $2.37  

1050-1489 $3.76  $3.09  $2.37  

750-1049 $3.76  $3.09  $2.37  

310-749 $3.76  $3.09  $2.37  

 

MEASURE CODE: RS-LTG-ESCC-V03-140601 
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 ENERGY STAR Torchiere  5.5.3

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 years
1067

. 

DEEMED MEASURE COST  

The incremental cost for this measure is assumed to be $5
1068

. 

LOADSHAPE 

Loadshape R06 - Residential Indoor Lighting 

Loadshape R07 - Residential Outdoor Lighting 

Loadshape C06 - Commercial Indoor Lighting
1069

 

COINCIDENCE FACTOR  

The summer peak coincidence factor for this measure is 9.5%
1070

 for Residential and in-unit Multi Family bulbs and 

                                                                 
1067

 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 
2007. 
1068

 DEER 2008 Database Technology and Measure Cost Data (www.deeresources.com) and consistent with 
Efficiency Vermont TRM. 
1069

 For Multi Family common area lighting. 
1070

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
“ComEd Residential Energy Star Lighting Program Metering Study: Overview of Study Protocols” 
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf     
 “Memo RE: Lighting Logger Study Results – Version 2, Date: May 27, 2011, To: David Nichols and ComEd 
Residential Lighting Interested Parties, From: Amy Buege and Jeremy Eddy; Navigant Evaluation Team” 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 

http://www1.eere.energy.gov/buildings/building_america/analysis_spreadsheets.html
http://www.cee1.org/resid/seha/rm-ac/rm-ac_specs.pdf
http://www1.eere.energy.gov/buildings/appliance_standards/residential/heating_products_fr.html
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75%
1071

 for Multi Family common area bulbs. 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

ΔkWh  = ((ΔWatts) /1000) * ISR * HOURS * WHFe 

Where: 

ΔWatts   = Average delta watts per purchased ENERGY STAR torchiere  

= 115.8 
1072

 

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

= 0.86 
1073

 

HOURS  = Average hours of use per year 

Installation Location Hours 
Residential and in-unit Multi Family 1095 (3.0 hrs per day)

1074
 

Multi Family Common Areas 5950
1075

 

 

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

                                                                 
1071

 Coincidence factor is based on healthcare/clinic value (used as proxy for multi family common area lighting 
with similar hours of use) developed using Equest models for various building types averaged across 5 climate 
zones for Illinois for the following building types. 
1072

 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) 
1073

 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  
1074

 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) 
1075

 Multi family common area lighting assumption is 16.3 hours per day (5950 hours per year) based on Focus on 
Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. 

http://www1.eere.energy.gov/buildings/building_america/analysis_spreadsheets.html
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Bulb Location WHFe 
Interior single family or unknown location 1.06 

1076
 

Multi family in unit 1.04 
1077

 
Multi family common area 1.04 

1078
 

Exterior or uncooled location 1.0 

 

For single family buildings:  

 ΔkWh = (115.8 /1000) * 0.86 * 1095 * 1.06 

  = 116 kWh 

For multi family in unit:  

 ΔkWh = (115.8 /1000) * 0.86 * 1095 * 1.04 

  = 113 kWh 

For multi family common area:  

 ΔkWh = (115.8 /1000) * 0.86 * 5950 * 1.04 

  = 616 kWh 

 

HEATING PENALTY 

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

∆kWh
1079

  = - ((ΔWatts) /1000) * ISR * HOURS * HF) / ηHeat   

                                                                 
1076

 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 Illinois 
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%20
Region.xls ) 
1077

 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%2
0Unit%20Type.xls  
1078

 Ibid. 

http://www.epelectricefficiency.com/downloads.asp
http://www.epelectricefficiency.com/downloads.asp
http://www.ilsag.org/
http://www.ilsag.org/
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Where: 

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

  = 49%
1080

 for interior or unknown location 

ηHeat  = Efficiency in COP of Heating equipment  

= Actual. If not available use defaults provided below
1081

: 

System Type Age of Equipment HSPF 
Estimate 

ηHeat (COP 
Estimate) 

Heat Pump Before 2006 6.8 2.00 

After 2006 7.7 2.26 

Resistance N/A N/A 1.00 

 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

ΔkW  = ((ΔWatts) /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 1.11

1082
 

Multi family in unit 1.07
1083

 

                                                                                                                                                                                                               
1079

 Negative value because this is an increase in heating consumption due to the efficient lighting. 
1080

 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. 
1081

 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. 
1082

 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.  
1083

 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); 
 

For example, an ES torchiere installed in a house with a newer heat pump: 

ΔkWh  = - ((115.8) / 1000) * 0.86 * 1095 * 0.49) / 2.26 

= - 23.6 kWh 



Illinois Statewide Technical Reference Manual - 5.5.3 ENERGY STAR Torchiere 

 

Page 602 of 675 
 

Multi family common area 1.07 
1084

 
Exterior or uncooled location 1.0 

 

CF  = Summer Peak Coincidence Factor for measure 

Bulb Location CF 
Interior single family or unknown location 9.5% 

1085
 

Multi family in unit 9.5% 
1086

 
Multi family common area 75% 

1087
 

For single family buildings:  

ΔkW  = (115.8 / 1000) * 0.86 * 1.11 * 0.095 

   = 0.011kW 

For multi family in unit:  

ΔkW  = (115.8 / 1000) * 0.86 * 1.07 * 0.095 

   = 0.010 kW 

For multi family common area:  

ΔkW  = (115.8 / 1000) * 0.86 * 1.07 * 0.75 

   = 0.080 kW 

NATURAL GAS SAVINGS  

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

 ∆ThermsWH  = - (((ΔWatts) /1000) * ISR * HOURS * 0.03412 * HF) / ηHeat 

Where: 

                                                                                                                                                                                                               
http://205.254.135.7/consumption/residential/data/2009/xls/HC7.1%20Air%20Conditioning%20by%20Housing%2
0Unit%20Type.xls.  
1084

 Ibid 
1085

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
“ComEd Residential Energy Star Lighting Program Metering Study: Overview of Study Protocols” 
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf     
 “Memo RE: Lighting Logger Study Results – Version 2, Date: May 27, 2011, To: David Nichols and ComEd 
Residential Lighting Interested Parties, From: Amy Buege and Jeremy Eddy; Navigant Evaluation Team” 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 
1086

 Ibid. 
1087

 Coincidence factor is based on healthcare/clinic value (used as proxy for multi family common area lighting 
with similar hours of use) developed using Equest models for various building types averaged across 5 climate 
zones for Illinois for the following building types. 

http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/htgp_finalrule_ch8.pdf
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/htgp_finalrule_ch8.pdf
http://www.homeenergy.org/archive/hem.dis.anl.gov/eehem/94/940111.html
http://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid/117_RLW_CF%20Res%20RAC.pdf
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∆ThermsWH  = 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 

  = 49% 
1088

 

ηHeat  = average heating system efficiency  

= 70% 
1089

 

  

 ∆ThermsWH  = - ((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 years
1090

 for residential and multifamily in unit and 0.34 years
1091

 for 
multifamily common area. Baseline bulb cost replacement is assumed to be $6.

1092
 

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

 

                                                                 
1088

 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. 
1089

 This has been estimated assuming that natural gas central furnace heating is typical for Illinois residences (66% 
of Illinois 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.xl
s) 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 
1090

 Based on VEIC assumption of baseline bulb (mix of incandescent and halogen) average rated life of 2000 hours, 
2000/1095 = 1.83 years. 
1091

 2000/5950 = 0.34 years 
1092

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

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 years
1093

. 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 year

1094
.   

                                                                 
1093

 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. 
1094

 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. 

http://www.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf
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DEEMED MEASURE COST  

The incremental cost for an exterior fixture is assumed to be $32
1095

. 

LOADSHAPE 

Loadshape R07 - Residential Outdoor Lighting 

COINCIDENCE FACTOR 

The summer peak coincidence factor is assumed to be 0.4%
1096

. 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS 

ΔkWh =((WattsBase - WattsEE) / 1000) * ISR * Hours     
  

Where: 

WattsBase = Based on lumens of CFL bulb and program year purchased: 

Minimum Lumens Maximum Lumens 

Incandescent 
Equivalent 

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 

 

                                                                 
1095 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)

 

1096
 Estimated based on Commercial Outdoor Lighting coincidence factor calculation from analysis of Itron eShape 

data for Missouri, calibrated to Illinois loads, supplied by Ameren. Residential Outdoor Lighting is not provided in 
this data set. 
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WattsEE  = Actual wattage of CFL purchased 

  ISR   = In Service Rate or the percentage of units rebated that get installed. 

Program 

Weighted 
Average 1st 

year In 
Service Rate 

(ISR) 

2nd year 
Installations 

3rd year 
Installations 

Final 
Lifetime 

In Service 
Rate 

Retail (Time of Sale) 87.5%
1097

 5.7% 4.8% 98.0%
1098

 

Direct Install 96.9
1099

    

 

Hours   = Average hours of use per year 

   =1643 (4.5 hrs per day)
1100

 

 

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 Illinois 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. 

                                                                 
1097

 1
st

 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.  
1098

 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

nd
 and 3

rd
 year installations should be counted as part of those future 

program year savings. 
1099

 In 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.  
1100

 Updated results from above study, presented in 2005 memo; 
http://publicservice.vermont.gov/energy/ee_files/efficiency/eval/marivtfinalresultsmemodelivered.pdf  

http://publicservice.vermont.gov/energy/ee_files/efficiency/eval/marivtfinalresultsmemodelivered.pdf
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For example, for a 2 x 14W pin based CFL fixture (43W EISA qualified incandescent/halogen) purchased in 2014. 

ΔkWH1st year installs = ((86 - 28) / 1000) * 0.875 * 1643  

= 83.4 kWh 

ΔkWH2nd year installs = ((86 - 28) / 1000) * 0.057 * 1643  

= 5.4 kWh 

 Note: Here we assume no change in hours assumption. NTG value from Purchase year applied. 

ΔkWH3rd year installs = ((86 - 28) / 1000) * 0.048 * 1643  

= 4.6 kWh 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

ΔkW = ((WattsBase - WattsEE) / 1 000) * ISR *  CF       
   

Where: 

CF   = Summer Peak Coincidence Factor for measure. 

   = 0.4%
1101

 

Other factors as defined above 

 

NATURAL GAS SAVINGS 

N/A 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

                                                                 
1101

 Estimated based on Commercial Outdoor Lighting coincidence factor calculation from analysis of Itron eShape 
data for Missouri, calibrated to Illinois loads, supplied by Ameren. Residential Outdoor Lighting is not provided in 
this data set. 

For example, a 2 x 14W pin-based CFL fixture is purchased in 2013: 

ΔkW1st year  = ((86 - 28) / 1000) * 0.875 *  0.004 

= 0.0002 kW 

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



Illinois Statewide Technical Reference Manual - 5.5.4 Exterior Hardwired Compact Fluorescent Lamp (CFL) Fixture 

 

Page 608 of 675 
 

DEEMED O&M COST ADJUSTMENT CALCULATION 

Bulb replacement costs assumed in the O&M calculations are provided below
1102

. 

  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: 

Location Lumen Level 

NPV of replacement costs for period 
Levelized annual replacement cost 

savings 

June 2014 
- May 
2015 

June 2015 
- May 
2016 

June 2016 - 
May 2017 

June 
2014 - 
May 
2015 

June 2015 
- May 
2016 

June 2016 - 
May 2017 

Exterior 

Lumens <310 or 
>2600 (non-EISA 
compliant) 

$2.49 $2.08 $1.65 $0.49 $0.48 $0.47 

Lumens ≥ 310 and ≤ 
2600 (EISA 
compliant) 

$5.66 $4.29 $3.18 $1.12 $1.00 $0.90 

Efficient bulb CFL $0.42 $0.04 

$0 - No 
replacement 
bulb within 
measure life 

$0.08 $0.01 

$0 - No 
replacement 
bulb within 
measure life 

For halogen bulbs, we assume the same replacement cycle as incandescent bulbs.
1103

 The replacement cycle is 

                                                                 
1102

 Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input 
and provided to Ameren. 
1103

 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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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 
leads to longer lamp life). 

 

MEASURE CODE: RS-LTG-EFIX-V03-140601
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 Interior Hardwired Compact Fluorescent Lamp (CFL) Fixture  5.5.5

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 years
1104

. 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 year

1105
.   

                                                                 
1104

 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.

 

1105 
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.
 

http://www.ctsavesenergy.org/files/Measure%20Life%20Report%202007.pdf
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DEEMED MEASURE COST  

The incremental cost for an interior fixture is assumed to be $32
1106

. 

LOADSHAPE 

Loadshape R06 - Residential Indoor Lighting 

Loadshape C06 - Commercial Indoor Lighting
1107

 

COINCIDENCE FACTOR 

The summer peak coincidence factor is assumed to be 9.5%
1108

 for Residential and in-unit Multi Family bulbs and 
75%

1109
 for Multi Family common area bulbs. 

 

 

 

 

Algorithm 

CALCULATION OF SAVINGS 

ELECTRIC ENERGY SAVINGS 

ΔkWh = ((WattsBase - WattsEE) / 1000) * ISR * Hours * WHFe    
      

Where: 

WattsBase = Based on lumens of CFL bulb and program year purchased: 

                                                                 
1106 

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)

 

1107
 For Multi Family common area lighting. 

1108
 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 

“ComEd Residential Energy Star Lighting Program Metering Study: Overview of Study Protocols” 
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf     
 “Memo RE: Lighting Logger Study Results – Version 2, Date: May 27, 2011, To: David Nichols and ComEd 
Residential Lighting Interested Parties, From: Amy Buege and Jeremy Eddy; Navigant Evaluation Team” 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 
1109

 Coincidence factor is based on healthcare/clinic value (used as proxy for multi family common area lighting 
with similar hours of use) developed using Equest models for various building types averaged across 5 climate 
zones for Illinois for the following building types. 

http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf
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Minimum Lumens Maximum Lumens 

Incandescent 
Equivalent 

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. 

Program 

Weighted 
Average 1st 

year In 
Service Rate 

(ISR) 

2nd year 
Installations 

3rd year 
Installations 

Final 
Lifetime 

In Service 
Rate 

Retail (Time of Sale) 87.5%
1110

 5.7% 4.8% 98.0%
1111

 

Direct Install 96.9
1112

    

 

  

                                                                 
1110 

1st 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.  
1111

 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. 
1112

 In 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.  
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Hours   = Average hours of use per year    

Installation Location Hours 
Residential and in-unit Multi Family 938 

1113
 

Multi Family Common Areas 5950
1114

 

 

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 

1115
 

Multi family in unit 1.04 
1116

 
Multi family common area 1.04 

1117
 

 

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 Illinois 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. 

                                                                 
1113

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
1114

 Multi family common area lighting assumption is 16.3 hours per day (5950 hours per year) based on Focus on 
Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. 
1115

 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 Illinois 
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%20
Region.xls) 
1116

 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%2
0Unit%20Type.xls  
1117

 Ibid. 

http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xls
http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xls
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
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For example, for a 2 x 14W pin based CFL fixture (43W EISA qualified incandescent/halogen) purchased in 2013. 

ΔkWH1st year installs = ((86 - 28) / 1000) * 0.875 * 938 * 1.06 

= 50.5 kWh 

ΔkWH2nd year installs = ((86 - 28) / 1000) * 0.057 * 938 * 1.06 

= 3.3 kWh 

 Note: Here we assume no change in hours assumption. NTG value from Purchase year applied. 

ΔkWH3rd year installs = ((86 - 28) / 1000) * 0.048 * 938 * 1.06 

= 2.8 kWh 

HEATING PENALTY 

If electric heated building: 

∆kWh
1118

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

Where: 

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

   = 49%
1119

 for interior or unknown location 

   = 0% for unheated location 

ηHeat   = Efficiency in COP of Heating equipment  

= actual. If not available use
1120

: 

System Type Age of 
Equipment 

HSPF 
Estimate 

ηHeat 
(COP 

Estimate) 
Heat Pump Before 2006 6.8 2.00 

After 2006 7.7 2.26 
Resistance N/A N/A 1.00 

 

                                                                 
1118

 Negative value because this is an increase in heating consumption due to the efficient lighting. 
1119

 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. 
1120

 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 

ΔkW = ((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

1121
 

Multi family in unit 1.07
1122

 
Multi family common area 1.07 

1123
 

Exterior or uncooled location 1.0 

CF   = Summer Peak Coincidence Factor for measure. 

Bulb Location CF 
Interior single family or unknown location 9.5% 

1124
 

Multi family in unit 9.5% 
1125

 
Multi family common area 75% 

1126
 

                                                                 
1121

 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.  
1122

 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%2
0Unit%20Type.xls .  
1123

 Ibid 
1124

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
“ComEd Residential Energy Star Lighting Program Metering Study: Overview of Study Protocols” 
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf     
 “Memo RE: Lighting Logger Study Results – Version 2, Date: May 27, 2011, To: David Nichols and ComEd 
Residential Lighting Interested Parties, From: Amy Buege and Jeremy Eddy; Navigant Evaluation Team” 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 
1125

 Ibid. 
1126

 Coincidence factor is based on healthcare/clinic value (used as proxy for multi family common area lighting 
 

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

∆kWh1st year   = - (((86 – 28) / 1000) * 0.875 * 938 * 0.49) / 2.0 

   = - 11.7 kWh 

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

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
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf
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Other factors as defined above 

 

NATURAL GAS SAVINGS 

ΔTherms
1127

  = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF * 0.03412) / ηHeat  

Where: 

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

   = 49%
1128

 for interior or unknown location 

   = 0% for unheated location 

0.03412  =Converts kWh to Therms 

ηHeat  = Efficiency of heating system 

   =70%
1129

  

                                                                                                                                                                                                               
with similar hours of use) developed using Equest models for various building types averaged across 5 climate 
zones for Illinois for the following building types. 
1127 

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

1128
 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. 
1129 

This has been estimated assuming that natural gas central furnace heating is typical for Illinois 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%20R
egion.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

 

For example, a 14W pin-based CFL fixture is purchased in 2013: 

∆kW1st year   =  ((86- 28) / 1000) * 0.875 * 1.11 * 0.095 

= 0.0054 kW 

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

http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls
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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
1130

. 

  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: 

                                                                 
1130

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

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

ΔTherms1st year   =  -((86 - 28) / 1000) * 0.875 * 938 * 0.49 * 0.03412) / 0.7 

   = - 1.1 Therms 

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

NPV of replacement costs for period Levelized annual replacement cost savings 

June 2014 - 
May 2015 

June 2015 - 
May 2016 

June 2016 - 
May 2017 

June 2014 - 
May 2015 

June 2015 - 
May 2016 

June 2016 - 
May 2017 

Residenti
al and in-
unit Multi 

Family 

Lumens 
<310 or 
>2600 
(non-EISA 
compliant
) 

$1.30 $1.07 $0.82 $0.26 $0.25 $0.23 

Lumens ≥ 
310 and ≤ 
2600 
(EISA 
compliant
) 

$2.79 $2.14 $1.53 $0.55 $0.50 $0.44 

Efficient 
bulb CFL 

$0 - No replacement bulb within measure 
life 

$0 - No replacement bulb within measure 
life 

Multi 
Family 

Common 
Areas 

Lumens 
<310 or 
>2600 
(non-EISA 
compliant
) 

$9.87 $8.38 $6.81 $1.96 $1.95 $1.93 

Lumens ≥ 
310 and ≤ 
2600 
(EISA 
compliant
) 

$23.59 $17.78 $13.50 $4.68 $4.13 $3.83 

Efficient 
bulb CFL 

$5.68 $4.58 $3.43 $1.13 $1.13 $1.07 

For halogen bulbs, we assume the same replacement cycle as incandescent bulbs.
1131

 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 and multi family common areas assume 10,000 (longer run hours and less 
switching leads to longer lamp life). 

MEASURE CODE: RS-LTG-IFIX-V03-140601 

 
 

                                                                 
1131

 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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 LED Downlights 5.5.6

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.
1132

 

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 following

1133
: 

Bulb Type Baseline 
Cost 

LED Cost Incremental 
Cost 

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

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

Recessed downlight luminaries $4.00 $94.00 $90.00 

Track lights $4.00 $60.00 $56.00 

                                                                 
1132

 Limited by persistence. NEEP EMV Emerging Technologies Research Report (December 2011) 
1133

 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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LOADSHAPE 

Loadshape R06 - Residential Indoor Lighting 

Loadshape R07 - Residential Outdoor Lighting 

Loadshape C06 - Commercial Indoor Lighting
1134

 

COINCIDENCE FACTOR 

The summer Peak Coincidence Factor is assumed to be 9.5%
1135

 for Residential and in-unit Multi Family bulbs and 
75%

1136
 for Multi Family common area bulbs.  

 

Algorithm 

CALCULATION OF SAVINGS 

ELECTRIC ENERGY SAVINGS 

∆kWh = ((WattsBase - WattsEE) / 1000) * ISR * Hours * WHFe 

Where: 

WattsBase = Baseline lamp wattage of equivalent lumens 

                                                                 
1134

 For Multi Family common area lighting. 
1135

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
“ComEd Residential Energy Star Lighting Program Metering Study: Overview of Study Protocols” 
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf     
 “Memo RE: Lighting Logger Study Results – Version 2, Date: May 27, 2011, To: David Nichols and ComEd 
Residential Lighting Interested Parties, From: Amy Buege and Jeremy Eddy; Navigant Evaluation Team” 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 
1136

 Coincidence factor is based on healthcare/clinic value (used as proxy for multi family common area lighting 
with similar hours of use) developed using Equest models for various building types averaged across 5 climate 
zones for Illinois for the following building types. 

http://www1.eere.energy.gov/buildings/appliance_standards/residential/residential_cac_hp.html
http://www1.eere.energy.gov/femp/pdfs/tir_heatpump.pdf
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Bulb Type 
Lower 
Lumen 
Range 

Upper 
Lumen 
Range 

WattsBase 

Reflector with medium screw 
bases w/ diameter <=2.25" 

400 449 40 

450 499 45 

500 649 50 

650 1199 65 

R, PAR, ER, BR, BPAR or similar 
bulb shapes with medium screw 
bases w/ diameter >2.5" (*see 

exceptions below) 

640 739 40 

740 849 45 

850 1179 50 

1180 1419 65 

1420 1789 75 

1790 2049 90 

2050 2579 100 

2580 3429 120 

3430 4270 150 

R, PAR, ER, BR, BPAR or similar 
bulb shapes with medium screw 
bases w/ diameter > 2.26'' and ≤ 

2.5"  (*see exceptions below) 

540 629 40 

630 719 45 

720 999 50 

1000 1199 65 

1200 1519 75 

1520 1729 90 

1730 2189 100 

2190 2899 120 

2900 3850 150 

*ER30, BR30, BR40, or ER40 
400 449 40 

450 499 45 

*BR30, BR40, or ER40 
650 1419 65 

500 649 50 

*R20 
400 449 40 

450 719 45 

*All reflector lamps below lumen 
ranges specified above 

200 299 20 

300 399 30 

 

WattsEE = Actual wattage of energy efficient LED lamp purchased  

  ISR  = In Service Rate or the percentage of units rebated that get installed
1137

 
 

                                                                 
1137

 NEEP EMV Emerging Technologies Research Report (December 2011) 
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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 

 

Hours   = Average hours of use per year 

Installation Location Hours 
Residential and in-unit Multi Family 1,010 

1138
 

Multi Family Common Areas 5950
1139

 

 

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 

1140
 

Multi family in unit 1.04 
1141

 
Multi family common area 1.04 

1142
 

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: 

ΔkWh  = ((45 - 13) / 1000) * 0.95 * 1010 * 1.06 

= 32.5 kWh 

                                                                 
1138

 NEEP EMV Emerging Technologies Research Report (December 2011) 
1139

 Multifamily common area lighting assumption is 16.3 hours per day (5950 hours per year) based on Focus on 
Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. 
1140

 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 Illinois 
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%20
Region.xls) 
1141

 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%2
0Unit%20Type.xls  
1142

 Ibid. 

http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/Waste_Water_Heat_Recovery_Guidelines.pdf
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/
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HEATING PENALTY 

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

∆kWh
1143

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

Where: 

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

= 49%
1144

 for interior or unknown location 

= 0% for exterior location 

ηHeat = Efficiency in COP of Heating equipment  

= Actual. If not available use:
1145

 

System Type Age of Equipment HSPF 
Estimate 

ηHeat (COP 
Estimate) 

Heat Pump Before 2006 6.8 2.00 

After 2006 7.7 2.26 

Resistance N/A N/A 1.00 

 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

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

Where: 

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

                                                                 
1143

 Negative value because this is an increase in heating consumption due to the efficient lighting. 
1144

 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. 
1145

 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. 

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: 

ΔkWh  = - ((45 - 13) / 1000) * 0.95 * 1010 * 0.49) / 2.26 

= - 6.66 kWh 



Illinois Statewide Technical Reference Manual - 5.5.6 LED Downlights 

 

Page 624 of 675 
 

Bulb Location WHFd 
Interior single family or unknown location 1.11

1146
 

Multi family in unit 1.07
1147

 
Multi family common area 1.07 

1148
 

Exterior or uncooled location 1.0 

CF  = Summer Peak Coincidence Factor for measure, see above for values.  

Bulb Location CF 
Interior single family or unknown location 9.5% 

1149
 

Multi family in unit 9.5% 
1150

 
Multi family common area 75% 

1151
 

 

Other factors as defined above 

 

NATURAL GAS SAVINGS 

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

Δtherms = - (((WattsBase - WattsEE) / 1000) * ISR * Hours * HF * 0.03412) / ηHeat 

                                                                 
1146

 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.  
1147

 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%2
0Unit%20Type.xls.  
1148

 Ibid 
1149

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
“ComEd Residential Energy Star Lighting Program Metering Study: Overview of Study Protocols” 
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf     
 “Memo RE: Lighting Logger Study Results – Version 2, Date: May 27, 2011, To: David Nichols and ComEd 
Residential Lighting Interested Parties, From: Amy Buege and Jeremy Eddy; Navigant Evaluation Team” 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 
1150

 Ibid. 
1151

 Coincidence factor is based on healthcare/clinic value (used as proxy for multi family common area lighting 
with similar hours of use) developed using Equest models for various building types averaged across 5 climate 
zones for Illinois for the following building types. 

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: 

ΔkW  = ((45 - 13) / 1000) * 0.95 * 1.11* 0.095 

= 0.0032 kW 

http://www.homeenergy.org/archive/hem.dis.anl.gov/eehem/94/940111.html
http://www.homeenergy.org/archive/hem.dis.anl.gov/eehem/94/940111.html
http://www1.eere.energy.gov/femp/pdfs/tir_heatpump.pdf
http://neep.org/uploads/EMV%20Forum/EMV%20Studies/CT-UI_CLP_2010_PSD.pdf
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Where: 

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

= 49% 
1152

 for interior or unknown location 

= 0% for exterior location 

0.03412  = Converts kWh to Therms 

ηHeat   = Average heating system efficiency.  

   = 0.70 
1153

 

Other factors as defined above 

 

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: 

                                                                 
1152

 Average result from REMRate modeling of several different configurations and IL locations of homes 
1153

 This has been estimated assuming that natural gas central furnace heating is typical for Illinois 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%20R
egion.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 

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: 

Δtherms  = - (((45 - 13) / 1000) * 0.95 * 1010 * 0.49* 0.03412) / 0.70 

= - 0.73 therms 
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Lamp Type 
Baseline Lamp 

Life (hours) 

Baseline Life 
 (Single Family and in 

unit Multifamily - 1010 
hours) 

Baseline Life 
(Common Area 

Multifamily - 5950 
hours) 

Baseline 
Replacement 

Cost 

PAR20, PAR30, PAR38 screw-in lamps 2000 2.0 0.3 $4.00 

MR16/PAR16 pin-based lamps 2000 2.0 0.3 $3.00 

Recessed downlight luminaries 2000 2.0 0.3 $4.00 

Track lights 2000 2.0 0.3 $4.00 

 

MEASURE CODE: RS-LTG-LEDD-V02-140601 
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 LED Exit Signs  5.5.7

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 years
1154

. 

DEEMED MEASURE COST  

The incremental cost for this measure is assumed to be $30
1155

. 

LOADSHAPE 

Loadshape C53 - Flat 

COINCIDENCE FACTOR  

The summer peak coincidence factor for this measure is assumed to be 100%
1156

. 

                                                                 
1154

 2008 Database for Energy-Efficiency Resources (DEER), Version 2008.2.05, “Effective/Remaining Useful Life 
Values”, California Public Utilities Commission, December 16, 2008. 
1155

 NYSERDA Deemed Savings Database, Labor cost assumes 25 minutes @ $18/hr. 
1156

 Assuming continuous operation of an LED exit sign, the Summer Peak Coincidence Factor is assumed to equal 
1.0. 
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Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

ΔkWh = ((WattsBase - WattsEE) / 1000)  * HOURS * WHFe 

Where: 

WattsBase  = Actual wattage if known, if unknown assume the following: 

Baseline Type WattsBase 
Incandescent 35W

1157
 

Fluorescent 11W
1158

 

Unknown (e.g. time of sale) 11W 

 

WattsEE  = Actual wattage if known, if unknown assume 2W
1159

 

  HOURS  = Annual operating hours  

= 8766 

WHFe = Waste heat factor for energy; accounts for cooling savings from 
efficient lighting. 

  = 1.04
1160

 for multi family buildings 

Default if replacing incandescent fixture 

ΔkWH = (35 – 2)/1000 * 8766 * 1.04 

                                                                 
1157

 Based on review of available product. 
1158

 Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost 
Assumptions, February, 19, 2010 
1159

 Efficiency Vermont Technical Reference User Manual (TRM) Measure Savings Algorithms and Cost 
Assumptions, February, 19, 2010 
1160

 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 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%2
0Unit%20Type.xls 
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= 301 kWh 

Default if replacing fluorescent fixture 

ΔkWH = (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): 

∆kWh
1161

  = - (((WattsBase - WattsEE) / 1000) * Hours * HF) / ηHeat   

Where: 

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

= 49%
1162

  

ηHeat  = Efficiency in COP of Heating equipment  

= Actual. If not available use:
1163

 

System Type Age of Equipment HSPF 
Estimate 

ηHeat (COP 
Estimate) 

Heat Pump Before 2006 6.8 2.00 

After 2006 7.7 2.26 

Resistance N/A N/A 1.00 

 

 

                                                                 
1161

 Negative value because this is an increase in heating consumption due to the efficient lighting. 
1162

 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. 
1163

 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. 

For example, a 2.0COP Heat Pump heated building: 

If incandescent fixture:  ΔkWH = -((35 – 2)/1000 * 8766 * 0.49) / 2 

     = -71 kWh 

If fluorescent fixture ΔkWH = -((11 – 2)/1000 * 8766 * 0.49) / 2 

     = -19 kWh 
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SUMMER COINCIDENT PEAK DEMAND SAVINGS 

  ΔkW  = ((WattsBase - WattsEE) / 1000) * WHFd * CF 

Where:  

WHFd = 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
1164

 for multi family buildings 

CF  = Summer Peak Coincidence Factor for measure 

= 1.0 

Default if incandescent fixture 

ΔkW = (35 – 2)/1000 * 1.07 * 1.0 

   = 0.035 kW 

Default if fluorescent fixture 

ΔkW = (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. 

Δtherms = - (((WattsBase - WattsEE) / 1000) * Hours * HF * 0.03412) / ηHeat 

Where: 

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

= 49% 
1165

  

0.03412  = Converts kWh to Therms 

ηHeat   = Average heating system efficiency.  

   = 0.70 
1166

 

                                                                 
1164

 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.  
1165

 Average result from REMRate modeling of several different configurations and IL locations of homes 
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Other factors as defined above 

Default if incandescent fixture 

Δtherms  = - (((35 - 2) / 1000) * 8766 * 0.49* 0.03412) / 0.70 

 = -6.9 therms 

Default if fluorescent fixture 

Δtherms  = - (((11 - 2) / 1000) * 8766 * 0.49* 0.03412) / 0.70 

 = -1.9 therms 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

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) 

Lamp $7.00
1167

 1.37 years
1168

 

 

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

                                                                                                                                                                                                               
1166

 This has been estimated assuming that natural gas central furnace heating is typical for Illinois 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%20R
egion.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 
1167

 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). 
1168

 Assumes a lamp life of 12,000 hours and 8766 run hours 12000/8766 = 1.37 years. 
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 LED Screw Based Omnidirectional Bulbs  5.5.8

DESCRIPTION  

This characterization provides savings assumptions for LED Screw Based Omnidirectional (e.g. A-Type lamps) lamps 
within the residential and multifamily sectors.  

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  

Lifetime is the life of the product, at the reported operating hours (lamp life in hours divided by operating hours 
per year. For the residential and multi-family sector, this changes based on where the lamp is used and varies from 
4.2 years (multi-family common areas) to 26 years (residential home), however all installations are capped at 10 
years

1169
. 

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 R07 – Residential Outdoor Lighting 

COINCIDENCE FACTOR  

The summer peak coincidence factor is assumed to be 9.5%
1170

 for Residential and in-unit Multi Family bulbs and 

                                                                 
1169

 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. 
1170

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
 

https://www.neep.org/Assets/uploads/files/emv/emv-products/NEEP_EMV_EmergingTechResearch_Report_Final.pdf
https://www.neep.org/Assets/uploads/files/emv/emv-products/NEEP_EMV_EmergingTechResearch_Report_Final.pdf
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75%
1171

 for Multi Family common area bulbs. 

Algorithm 

CALCULATION OF SAVINGS 

ELECTRIC ENERGY SAVINGS  

ΔkWh  = ((Wattsbase-WattsEE)/1000)  * Hours *WHFe*ISR  

Where: 

Wattsbase  = Input wattage of the existing system. Reference the “LED New and Baseline 
Assumptions” table for default values. 

WattsEE =  = Actual wattage of LED purchased / installed 

 LED New and Baseline Assumptions Table 

Minimum 
Lumens 

Maximum 
Lumens 

Lumens used to 
calculate LED 

Wattage 
(midpoint) 

LED 
Wattage 

1172
 

(WattsEE) 

Baseline 
2014-2019 

(WattsBase) 

Delta Watts 
2014-2019 
(WattsEE) 

Baseline Post 
EISA 2020 

requirement
1173

  
(WattsBase) 

Delta Watts 
Post 2020 
(WattsEE) 

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 

                                                                                                                                                                                                               
“ComEd Residential Energy Star Lighting Program Metering Study: Overview of Study Protocols” 
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf     
 “Memo RE: Lighting Logger Study Results – Version 2, Date: May 27, 2011, To: David Nichols and ComEd 
Residential Lighting Interested Parties, From: Amy Buege and Jeremy Eddy; Navigant Evaluation Team” 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 
1171

 Coincidence factor is based on healthcare/clinic value (used as proxy for multi family common area lighting 
with similar hours of use) developed using Equest models for various building types averaged across 5 climate 
zones for Illinois. 
1172

 Based on ENERGY STAR specs – minimum luminous efficacy for Omnidirectional Lamps. For LED lamp power 
<10W = 50lm/W and for LED lamp power >=10W = 55lm/W. 
1173

 Calculated as 45lm/W for all EISA non-exempt bulbs. 

http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf
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ISR = In Service Rate, the percentage of units rebated that are actually in service. 

Program 

Weighted 
Average 1st 

year In 
Service Rate 

(ISR) 

2nd year 
Installations 

3rd year 
Installations 

Final 
Lifetime 

In Service 
Rate 

Retail (Time of Sale) 

or Efficiency Kits 
92%

1174
 3.2% 2.8% 98.0%

1175
 

Direct Install 96.9%
1176

    

 

Hours   = Average hours of use per year 

Installation Location Hours 

Residential and in-unit Multi Family 938 
1177

 

Multi Family Common Areas 5,950 
1178

 
Exterior 1,825 

1179
 

Unknown 1,000 
1180

 

    

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

                                                                 
1174

 1
st

 year in service rate is based upon review of the LED logger inventory data from the PY5/PY6 ComEd logger 
study showing of 24 A-lamp LEDs found, 2 were in storage. 
1175

 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

nd
 and 3

rd
 year installations should be counted as part of those future 

program year savings. 
1176

 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. 
1177

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf 
1178

 Multi family common area lighting assumption is 16.3 hours per day (5950 hours per year) based on Focus on 
Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. 
1179

 Based on secondary research conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf 
1180

 Assumes 7% exterior lighting, based on lighting logger study conducted as part of the PY3 ComEd Residential 
Lighting Program evaluation. http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf 

http://www.icc.illinois.gov/downloads/public/edocket/287090.pdf
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf
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Bulb Location WHFe 

Interior single family or unknown location 1.06 
1181

 
Multi family in unit 1.04 

1182
 

Multi family common area 1.04 
1183

 
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.  

Minimum 
Lumens 

Maximum 
Lumens 

LED 
Wattage 

(WattsEE) 

Delta Watts 
2014-2019 
(WattsEE) 

Delta Watts 
Post 2020 
(WattsEE) 

Mid Life 
adjustment  (made 
from June 2020) to 
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% 

 

                                                                 
1181

 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 Illinois 
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%20
Region.xls ) 
1182

 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%2
0Unit%20Type.xls  
1183

 Ibid. 

http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xls
http://www.eia.gov/consumption/residential/data/2009/xls/HC7.9%20Air%20Conditioning%20in%20Midwest%20Region.xls
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
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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 Illinois 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. 

 

HEATING PENALTY 

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

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: 

ΔkWH  = ((29-8 /1000) * 938 * 1.06 * 0.92 

= 19.2 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 (19.2 * 0.108 =) 2.1 kWh for the 
remainder of the measure life. Note these adjustments should be applied to kW and fuel impacts as well. 

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. 

ΔkWH1st year installs  = ((29-8/1000)*938*1.06*0.92 

= 19.2 kWh 

ΔkWH2nd year installs = ((29-8/1000)*938*1.06*0.032 

= 0.7 kWh 

Note: Here we assume no change in hours assumption. NTG value from Purchase year applied. 

ΔkWH3rd year installs = ((29-8/1000)*938*1.06*0.028 

= 0.6 kWh 
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∆kWh
1184

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

Where: 

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

   = 49%
1185

 for interior or unknown location 

   = 0% for exterior or unheated location 

ηHeat   = Efficiency in COP of Heating equipment  

= actual. If not available use
1186

: 

System Type 
Age of 

Equipment 
HSPF 

Estimate 

ηHeat 

(COP 
Estimate) 

Heat Pump 
Before 2006 6.8 2.00 

After 2006 7.7 2.26 
Resistance N/A N/A 1.00 

 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS 

∆kW = ((WattsBase - WattsEE) / 1 000) * ISR * WHFd * CF      
    

Where: 

                                                                 
1184

 Negative value because this is an increase in heating consumption due to the efficient lighting. 
1185

 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. 
1186

 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. 

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): 

∆kWh1st year   = - (((29-8) / 1000) * 0.92 * 938 * 0.49) / 2.0 

   = - 4.4 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. 
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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
1187

 

Multi family in unit 1.07
1188

 

Multi family common area 1.07 
1189

 
Exterior or uncooled location 1.0 

 

CF   = Summer Peak Coincidence Factor for measure. 

Bulb Location CF 

Interior single family or unknown location 9.5% 
1190

 

Multi family in unit 9.5% 
1191

 

Multi family common area 75% 
1192

 

 

Other factors as defined above 

                                                                 
1187

 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.  
1188

 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%2
0Unit%20Type.xls.  
1189

 Ibid 
1190

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
“ComEd Residential Energy Star Lighting Program Metering Study: Overview of Study Protocols” 
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf     
 “Memo RE: Lighting Logger Study Results – Version 2, Date: May 27, 2011, To: David Nichols and ComEd 
Residential Lighting Interested Parties, From: Amy Buege and Jeremy Eddy; Navigant Evaluation Team” 
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf 
1191

 Ibid. 
1192

 Coincidence factor is based on healthcare/clinic value (used as proxy for multi family common area lighting 
with similar hours of use) developed using Equest models for various building types averaged across 5 climate 
zones for Illinois for the following building types. 

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
http://www.icc.illinois.gov/downloads/public/edocket/303835.pdf
http://www.icc.illinois.gov/downloads/public/edocket/303834.pdf
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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
1193

. 

 
Std Inc. EISA Compliant 

Halogen 
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: 

Installation Location Omnidirectional 
LED Measure 
Hours  

Hours of Use per 
year  

Measure Life in 
Years 
(capped at 10) 

Residential and in-unit Multi 
Family 

25,000 938 
1194

 10 

                                                                 
1193

 Based upon pricing forecast developed by Applied Proactive Technologies Inc (APT) based on industry input 
and provided to Ameren. 
1194

 Based on lighting logger study conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf 

For the same 8 W LED that is installed in a single family interior location in 2014, the demand savings are: 

ΔkW  = ((29-8) / 1000) * 0.92* 1.11 * 0.095  

= 0.0020 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. 

http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf
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Multi Family Common Areas 25,000 5,950 
1195

 4.2 

Exterior 25,000 1,825 
1196

 10 

Unknown 25,000 1,000 
1197

 10 

 

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

Location Lumen Level 

NPV of replacement costs for 
period 

Levelized annual replacement cost 
savings 

June 
2014 - 
May 
2015 

June 
2015 - 
May 
2016 

June 
2016 - 
May 
2017 

June 
2014 - 
May 
2015 

June 
2015 - 
May 
2016 

June 2016 
- May 
2017 

Residential 
and in-unit 

Multi Family 

Lumens <310 or 
>2600 (non-EISA 
compliant) 

$2.13 $2.13 $1.07 $0.28 $0.28 $0.14 

Lumens ≥ 310 and ≤ 
2600 (EISA compliant) 

$3.55 $3.11 $2.74 $0.47 $0.41 $0.36 

Multi Family 
Common 

Areas 

Lumens <310 or 
>2600 (non-EISA 
compliant) 

$7.13 $7.13 $7.13 $1.93 $1.93 $1.93 

Lumens ≥ 310 and ≤ 
2600 (EISA compliant) 

$18.75 $15.57 $13.79 $5.09 $4.22 $3.74 

Exterior 

Lumens <310 or 
>2600 (non-EISA 
compliant) 

$4.42 $4.42 $2.35 $0.58 $0.58 $0.31 

Lumens ≥ 310 and ≤ 
2600 (EISA compliant) 

$7.89 $6.76 $5.96 $1.03 $0.89 $0.78 

Unknown 

Lumens <310 or 
>2600 (non-EISA 
compliant) 

$2.27 $2.27 $1.14 $0.30 $0.30 $0.15 

Lumens ≥ 310 and ≤ 
2600 (EISA compliant) 

$3.79 $3.32 $2.92 $0.50 $0.43 $0.38 

 

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.

1198
 The replacement cycle is based on the location of the lamp and 

                                                                 
1195

 Multi family common area lighting assumption is 16.3 hours per day (5950 hours per year) based on Focus on 
Energy Evaluation, ACES Deemed Savings Desk Review, November 2010. 
1196

 Based on secondary research conducted as part of the PY3 ComEd Residential Lighting Program evaluation. 
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf 
1197

 Assumes 7% exterior lighting, based on lighting logger study conducted as part of the PY3 ComEd Residential 
Lighting Program evaluation. http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf 
1198

 The manufacturers of the new minimally compliant EISA Halogens are using regular incandescent lamps with 
 

http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf
http://www.icc.illinois.gov/downloads/public/edocket/323818.pdf
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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-V01-140601

                                                                                                                                                                                                               
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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5.6 Shell End Use 

 Air Sealing 5.6.1

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.
1199

 

DEEMED MEASURE COST  

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

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 
estimate peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second 

                                                                 
1199

 Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, 
2007 
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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)  
= 68%

1200
 

CFSSP   = Summer System Peak Coincidence Factor for Heat Pumps (during system peak hour) 
 = 72%%

1201
 

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

= 46.6%
1202

 

Algorithm 

CALCULATION OF SAVINGS  

ELECTRIC ENERGY SAVINGS  

ΔkWh = ΔkWh_cooling + ΔkWh_heating 

Where: 

ΔkWh_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 *  ηCool)] * 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:

1203
 

                                                                 
1200

 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren Illinois service territory. 
1201

 Based on analysis of metering results from 24 heat pumps in Ameren Illinois service territory in PY5 coincident 
with AIC’s 2010 system peak; ‘Impact and Process Evaluation of Ameren Illinois Company’s Residential HVAC 
Program (PY5)’. 
1202

 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. 
1203

 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 
 

http://www.homeenergy.org/archive/hem.dis.anl.gov/eehem/94/940111.html#94011122
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Climate Zone Exposure N-Factor 

Zone 2 

Well Shielded 22.2 

Normal 18.5 

Exposed 16.7 

Zone 3 

Well Shielded 25.8 

Normal 21.5 

Exposed 19.4 

 

60 * 24   = Converts Cubic Feet per Minute to Cubic Feet per Day 

CDD  = Cooling Degree Days 

    = Dependent on location
1204

: 

Climate Zone 
(City based 

upon) 
CDD 65 

1 (Rockford) 820 

2 (Chicago) 842 

3 (Springfield) 1,108 

4 (Belleville) 1,570 

5 (Marion) 1,370 

 

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

= 0.75 
1205

  

0.018  = Specific Heat Capacity of Air (Btu/ft
3
*°F) 

1000  = Converts Btu to kBtu 

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

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

1206
: 

                                                                                                                                                                                                               
Comfort for Existing Buildings”, p284. 
1204

 National Climatic Data Center, calculated from 1981-2010 climate normals with a base temp of 65°F. 
1205

 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.   
1206

 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. 



Illinois Statewide Technical Reference Manual - 5.6.1 Air Sealing 

 

Page 645 of 675 
 

Age of Equipment SEER Estimate 
Before 2006 10 

After 2006 13 

 

LM  = Latent multiplier to account for latent cooling demand 

    = dependent on location:
 1207

 

Climate Zone 
(City based upon) 

LM 

1 (Rockford) 8.5 

2 (Chicago) 6.2 

3 (Springfield) 6.6 

4 (St. Louis, MO) 5.8 

5 (Evansville, IN) 6.6 

  

ΔkWh_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) / (ηHeat * 3,412)  

N_heat  = Conversion factor from leakage at 50 Pascal to leakage at natural conditions 
   = Based on climate zone, building height and exposure level:

1208
 

 
# Stories: 1 1.5 2 3 

Zone 2 

Well Shielded 22.2 20.0 17.8 15.5 

Normal  18.5 16.7 14.8 13.0 

Exposed 16.7 15.0 13.3 11.7 

Zone 3 

Well Shielded 25.8 23.2 20.6 18.1 

Normal  21.5 19.4 17.2 15.1 

Exposed 19.4 17.4 15.5 13.5 

  

 HDD  = Heating Degree Days 

   = Dependent on location:
1209

 

                                                                 
1207

 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. 
1208

 N-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. 

http://www.homeenergy.org/archive/hem.dis.anl.gov/eehem/94/940111.html#94011122
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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 

 

ηHeat  = Efficiency of heating system 
    = Actual. If not available refer to default table below

1210
:  

System Type 
Age of 

Equipment 
HSPF 

Estimate 

ηHeat (Effective 
COP Estimate)= 

(HSPF/3.413)*0.85 

Heat Pump 
Before 2006 6.8 1.7 

After 2006 7.7 1.92 

Resistance N/A N/A 1 

 

3412  = Converts Btu to kWh 

 

 

                                                                                                                                                                                                               
1209

 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 modeling software.   
1210

 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. 

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: 

ΔkWh  = ΔkWh_cooling + ΔkWh_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 
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ΔkWh_heating = If gas furnace heat, kWh savings for reduction in fan run time 

    = ΔTherms * Fe * 29.3 
 

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

  = 3.14%
1211

 

29.3  = kWh per therm 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

ΔkW  = (ΔkWh_cooling / FLH_cooling) * CF 

Where: 

FLH_cooling = Full load hours of air conditioning 

   = Dependent on location
1212

: 

Climate Zone 
(City based 

upon) 

Single 
Family 

Multifamily 

1 (Rockford) 512 467 

2 (Chicago) 570 506 

3 (Springfield) 730 663 

4 (Belleville) 1,035 940 

5 (Marion) 903 820 

 

                                                                 
1211

 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% Fe. See “Programmable Thermostats Furnace Fan Analysis.xlsx” for reference. 
1212

 Full 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. 

 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: 

ΔkWh  = 152 * 0.0314 * 29.3 

= 140 kWh 

http://ilsag.org/yahoo_site_admin/assets/docs/ComEd_PY2_CACES_Evaluation_Report_2010-10-18.299122020.pdf
http://ilsag.org/yahoo_site_admin/assets/docs/ComEd_PY2_CACES_Evaluation_Report_2010-10-18.299122020.pdf


Illinois Statewide Technical Reference Manual - 5.6.1 Air Sealing 

 

Page 648 of 675 
 

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

 = 68%
1213

 

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

 = 72%%
1214

 

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

= 46.6%
1215

 

  Other factors as defined above 

 

NATURAL GAS SAVINGS  

If Natural Gas heating: 

ΔTherms = (((CFM50_existing - CFM50_new)/N_heat) * 60 * 24 * HDD * 0.018) / (ηHeat * 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
1216

: 

                                                                 
1213

 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren Illinois service territory. 
1214

 Based on analysis of metering results from 24 heat pumps in Ameren Illinois service territory in PY5 coincident 
with AIC’s 2010 system peak; ‘Impact and Process Evaluation of Ameren Illinois Company’s Residential HVAC 
Program (PY5)’. 
1215

 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. 
1216

 N-factor is used to convert 50-pascal blower door air flows to natural air flows and is dependent on geographic 
 

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: 

ΔkWSSP  = 501 / 570 * 0.68 

= 0.60 kW 

ΔkWPJM  = 501 / 570 * 0.466 

= 0.410 kW  
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# Stories: 1 1.5 2 3 

Zone 2 

Well Shielded 22.2 20.0 17.8 15.5 

Normal  18.5 16.7 14.8 13.0 

Exposed 16.7 15.0 13.3 11.7 

Zone 3 

Well Shielded 25.8 23.2 20.6 18.1 

Normal  21.5 19.4 17.2 15.1 

Exposed 19.4 17.4 15.5 13.5 

 

HDD  = Heating Degree Days 
   = dependent on location

1217
: 

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 

 

ηHeat  = Efficiency of heating system 

= Equipment efficiency * distribution efficiency 

= Actual
1218

. If not available use 70%
1219

. 

                                                                                                                                                                                                               
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. 
1217

 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.. 
1218

 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. 
1219

 This has been estimated assuming that natural gas central furnace heating is typical for Illinois 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%20R
egion.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 

http://www.homeenergy.org/archive/hem.dis.anl.gov/eehem/94/940111.html#94011122
http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls
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Other factors as defined above 

 

 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: RS-SHL-AIRS-V02-140601

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: 

ΔTherms = ((3,400 – 2,250)/17.8) * 60 * 24 * 6339 * 0.018) / (0.7 * 100,000) 

= 152 therms 
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 Basement Sidewall Insulation 5.6.2

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.
1220

 

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 

                                                                 
1220

 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)  
= 68%

1221
 

CFSSP   = Summer System Peak Coincidence Factor for Heat Pumps (during system peak hour) 
 = 72%%

1222
 

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

= 46.6%
1223

 
 

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.  

ΔkWh = (ΔkWh_cooling + ΔkWh_heating)  

Where: 

  
ΔkWh_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 * 
ηCool))    

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

R_old_AG = R-value value of foundation wall above grade. 

   = Actual, if unknown assume 1.0
1224

 

                                                                 
1221

 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren Illinois service territory. 
1222

 Based on analysis of metering results from 24 heat pumps in Ameren Illinois service territory in PY5 coincident 
with AIC’s 2010 system peak; ‘Impact and Process Evaluation of Ameren Illinois Company’s Residential HVAC 
Program (PY5)’. 
1223

 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. 
1224

 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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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 

   = 0% if Spray Foam or External Rigid Foam  

= 25% if studs and cavity insulation
1225

 

24  = Converts hours to days 

CDD  = Cooling Degree Days  

   = Dependent on location and whether basement is conditioned:
1226

   

Climate Zone 
(City based upon) 

Conditioned 
CDD 65 

Unconditioned 
CDD 65

1227
 

1 (Rockford) 820 263 

2 (Chicago) 842 281 

3 (Springfield) 1,108 436 

4 (Belleville) 1,570 538 

5 (Marion) 1,370 570 

Weighted 
Average

1228
 

947 325 

 

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

= 0.75 
1229

  

1000  = Converts Btu to kBtu 

ηCool  = Seasonal Energy Efficiency Ratio of cooling system (kBtu/kWh) 

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

                                                                 
1225

 ASHREA, 2001, “Characterization of Framing Factors for New Low-Rise Residential Building Envelopes (904-
RP),” Table 7.1   
1226

 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 Illinois. 
1227

 Five 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. 
1228

 Weighted based on number of occupied residential housing units in each zone. 
1229

 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.   
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assume the following:
1230

 

Age of Equipment ηCool Estimate 
Before 2006 10 
After 2006 13 

 

ΔkWh_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 * 
ηHeat))  * ADJBasement 

 

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

 1231
 

= 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) 0 1 2 3 4 5 6 7 8 

Earth R-value (°F-ft
2
-

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 

   = dependent on location and whether basement is conditioned:
1232

 

                                                                 
1230

 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. 
1231

 Adapted from Table 1, page 24.4, of the 1977 ASHRAE Fundamentals Handbook 
1232

 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 
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Climate Zone 
(City based upon) 

Conditioned 
HDD 60 

Unconditioned 
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

1233
 4,860 2,895 

 

ηHeat  = Efficiency of heating system 

  = Actual. If not available refer to default table below:
1234

 

System Type 
Age of 

Equipment 
HSPF Estimate 

ηHeat (Effective COP 
Estimate) 

(HSPF/3.413)*0.85 

Heat Pump 
Before 2006 6.8 1.7 

After 2006 7.7 1.92 

Resistance N/A N/A 1 

 

ADJBasement = Adjustment for basement wall insulation to account for prescriptive 
engineering algorithms overclaiming savings. 

 

Market ADJBasement 

Low Income 70%
1235

 

Non- Low Income 88%
1236

 

 

                                                                                                                                                                                                               
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. 
1233

 Weighted based on number of occupied residential housing units in each zone. 
1234

 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. 
1235

 Based upon comparing algorithm derived savings estimate and evaluated bill analysis estimate in the following 
2011 Massachusetts Low Income report: “Low Income Single Family Program Impact Evaluation”, June 2012. See 
“Insulation ADJ calculations.xls” for details or calculation. 
1236

 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.xls” for details or calculation. 
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ΔkWh_heating = If gas furnace heat, kWh savings for reduction in fan run time 

    = ΔTherms * Fe * 29.3 
 

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

  = 3.14%
1237

 

29.3  = kWh per therm 

 

SUMMER COINCIDENT PEAK DEMAND  

ΔkW  = (ΔkWh_cooling / FLH_cooling) * CF  

Where: 

 
FLH_cooling = Full load hours of air conditioning 

    = dependent on location
1238

: 

                                                                 
1237

 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% Fe. See “Programmable Thermostats Furnace Fan Analysis.xlsx” for reference. 

For example, a non- low income 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: 

ΔkWh  = (ΔkWh_cooling + ΔkWh_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 

For example, a non- low income 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 
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Climate Zone 
(City based upon) 

Single Family Multifamily 

1 (Rockford) 512 467 

2 (Chicago) 570 506 

3 (Springfield) 730 663 

4 (Belleville) 1,035 940 

5 (Marion) 903 820 

Weighted Average
1239

 629 564 

 
CFSSP   = Summer System Peak Coincidence Factor for Central A/C (during system peak 

hour) 

 = 68%
1240

 

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

   = 72%%
1241

 
 

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

= 46.6%
1242

 

                                                                                                                                                                                                               
1238

 Full 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. 
1239

 Weighted based on number of occupied residential housing units in each zone. 
1240

 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren Illinois service territory. 
1241

 Based on analysis of metering results from 24 heat pumps in Ameren Illinois service territory in PY5 coincident 
with AIC’s 2010 system peak; ‘Impact and Process Evaluation of Ameren Illinois Company’s Residential HVAC 
Program (PY5)’. 
1242

 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. 

http://ilsagfiles.org/SAG_files/Evaluation_Documents/ComEd/ComEd%20EPY2%20Evaluation%20Reports/ComEd_Central_AC_Efficiency_Services_PY2_Evaluation_Report_Final.pdf
http://ilsagfiles.org/SAG_files/Evaluation_Documents/ComEd/ComEd%20EPY2%20Evaluation%20Reports/ComEd_Central_AC_Efficiency_Services_PY2_Evaluation_Report_Final.pdf
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NATURAL GAS SAVINGS  

If Natural Gas heating: 

ΔTherms = [(([((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) / (ηHeat * 100,067)]  
* ADJBasement 

ηHeat  = Efficiency of heating system 

= Equipment efficiency * distribution efficiency 

= Actual. If unknown assume 70%
1243

  

 

Other factors as defined above 

                                                                 
1243

 This has been estimated assuming that natural gas central furnace heating is typical for Illinois 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%20R
egion.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 

For example, a non- low income 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: 

ΔkWSSP  = 49.3 / 570 * 0.68   

= 0.059 kW 

ΔkWPJM  = 49.3 / 570 * 0.466  

= 0.040 kW 
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WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: RS-SHL-BINS-V04-140201 

NOTE: This represents a mid program year change to this measure, effective from February 1
st

, 2014. Any projects 
completed

1244
 prior to the effective date should use the version with measure code RS-SHL-BINS-V03-130601.  

 

                                                                 
1244

 Projects may be “completed”, i.e. installation complete, without having received the rebate. 

For example, a non- low income 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 
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 Floor Insulation Above Crawlspace  5.6.3

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.
1245

  

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  

                                                                 
1245

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

= 68%
1246

 

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

 = 72%%
1247

 

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

= 46.6%
1248

 

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.  

ΔkWh = (ΔkWh_cooling + ΔkWh_heating)  

Where:  ΔkWh_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 * ηCool))    

R_old = R-value value of floor before insulation, assuming 3/4” plywood subfloor and 
carpet with pad 

  = Actual. If unknown assume 3.96 
1249

 

                                                                 
1246

 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren Illinois service territory. 
1247

 Based on analysis of metering results from 24 heat pumps in Ameren Illinois service territory in PY5 coincident 
with AIC’s 2010 system peak; ‘Impact and Process Evaluation of Ameren Illinois Company’s Residential HVAC 
Program (PY5)’. 
1248

 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. 
1249

 Based on 2005 ASHRAE Handbook – Fundamentals: assuming 2x8 joists, 16” OC, ¾” subfloor, ½” carpet with 
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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% 
1250

 

24  = Converts hours to days 

CDD = Cooling Degree Days   

Climate Zone 
(City based upon) 

Unconditioned 
CDD

1251
 

1 (Rockford) 263 

2 (Chicago) 281 

3 (Springfield) 436 

4 (Belleville) 538 

5 (Marion) 570 

Weighted 
Average

1252
 

325 

 

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

= 0.75 
1253

  

1000  = Converts Btu to kBtu 

ηCool  = Seasonal Energy Efficiency Ratio of cooling system (kBtu/kWh) 

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

1254
 

Age of Equipment ηCool Estimate 

                                                                                                                                                                                                               
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 
1250

 ASHRAE, 2001, “Characterization of Framing Factors for New Low-Rise Residential Building Envelopes (904-
RP),” Table 7.1   
1251

 Five 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. 
1252

 Weighted based on number of occupied residential housing units in each zone. 
1253

 Energy Center of Wisconsin, May 2008 metering study; “Central Air Conditioning in Wisconsin, A Compilation 
of Recent Field Research”, p31.   
1254

 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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Before 2006 10 
After 2006 13 

ΔkWh_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 * ηHeat)) * ADJFloor 

HDD  = Heating Degree Days:
1255

 

Climate Zone 
(City based upon) 

Unconditioned 
HDD 

1 (Rockford) 3,322 

2 (Chicago) 3,079 

3 (Springfield) 2,550 

4 (Belleville) 1,789 

5 (Marion) 1,796 

Weighted 
Average

1256
 2,895 

 

ηHeat = Efficiency of heating system 

 = Actual. If not available refer to default table below:
1257

  

System Type 
Age of 

Equipment 
HSPF Estimate 

ηHeat (Effective COP 
Estimate) 

(HSPF/3.413)*0.85 

Heat Pump 
Before 2006 6.8 1.7 

After 2006 7.7 1.92 

Resistance N/A N/A 1 

 

ADJFloor = Adjustment for floor insulation to account for prescriptive engineering 
algorithms overclaiming savings.  

Market ADJFloor 

Low Income 70%
1258

 

                                                                 
1255

 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 Illinois. 
1256

 Weighted based on number of occupied residential housing units in each zone. 
1257

 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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Non- Low Income 88%
1259

 

 

Other factors as defined above 

 

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

    = ΔTherms * Fe * 29.3 
 

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

  = 3.14%
1260

 

29.3  = kWh per therm 

 

                                                                                                                                                                                                               
1258

 Based upon comparing algorithm derived savings estimate and evaluated bill analysis estimate in the following 
2011 Massachusetts Low Income report: “Low Income Single Family Program Impact Evaluation”, June 2012. See 
“Insulation ADJ calculations.xls” for details or calculation. Note that basement walls is used as a proxy for 
crawlspace ceiling. 
1259

 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.xls” for details or calculation. Note that basement wall is used as a proxy for crawlspace ceiling. 
1260

 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% Fe. See “Programmable Thermostats Furnace Fan Analysis.xlsx” for reference. 

For example, a non- low income 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: 

ΔkWh  = (ΔkWh_cooling + ΔkWh_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 

For example, a non- low income 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): 

ΔkWh  = 91.2 * 0.0314 * 29.3  

= 83.9 kWh 
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SUMMER COINCIDENT PEAK DEMAND SAVINGS  

ΔkW  = (ΔkWh_cooling / FLH_cooling) * CF  

Where: 

FLH_cooling = Full load hours of air conditioning 

  = Dependent on location:
1261

 

Climate Zone 
(City based upon) 

Single Family Multifamily 

1 (Rockford) 512 467 

2 (Chicago) 570 506 

3 (Springfield) 730 663 

4 (Belleville) 1,035 940 

5 (Marion) 903 820 

Weighted 
Average

1262
 

629 
564 

 

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

 = 68%
1263

 

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

   = 72%%
1264

 

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

= 46.6%
1265

 

                                                                 
1261

 Full 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 Illinois. 
1262

 Weighted based on number of occupied residential housing units in each zone. 
1263

 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren Illinois service territory. 
1264

 Based on analysis of metering results from 24 heat pumps in Ameren Illinois service territory in PY5 coincident 
with AIC’s 2010 system peak; ‘Impact and Process Evaluation of Ameren Illinois Company’s Residential HVAC 
Program (PY5)’. 
1265

 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 
 

http://ilsag.org/yahoo_site_admin/assets/docs/ComEd_PY2_CACES_Evaluation_Report_2010-10-18.299122020.pdf
http://ilsag.org/yahoo_site_admin/assets/docs/ComEd_PY2_CACES_Evaluation_Report_2010-10-18.299122020.pdf
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NATURAL GAS SAVINGS  

If Natural Gas heating: 

ΔTherms  = (1/R_old - 1/(R_added+R_old)) * Area * (1-Framing_factor)) * 24 * HDD) / 
(100,000 * ηHeat) * ADJFloorGasHeat 

ηHeat  = Efficiency of heating system 

= Equipment efficiency * distribution efficiency 

= Actual. If unknown assume 70%
1266

  

Other factors as defined above 

 

                                                                                                                                                                                                               
during the year. 
1266

 This has been estimated assuming that natural gas central furnace heating is typical for Illinois 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%20R
egion.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 

For example, a non- low income 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: 

ΔkWSSP  = 47.3 / 570 * 0.68  

= 0.056 kW 

ΔkWSSP  = 47.3 / 570 * 0.466  

= 0.039 kW 

For example, a non- low income 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: 

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

= 91.2 therms 

http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls
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WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: RS-SHL-FINS-V04-140201 

 
NOTE: This represents a mid program year change to this measure, effective from February 1

st
, 2014. Any projects 

completed
1267

 prior to the effective date should use the version with measure code RS-SHL-FINS-V03-130601 

                                                                 
1267

 Projects may be “completed”, i.e. installation complete, without having received the rebate. 



Illinois Statewide Technical Reference Manual - 5.6.4 Wall and Ceiling/Attic Insulation  

 

Page 668 of 675 
 

 Wall and Ceiling/Attic Insulation 5.6.4

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.
1268

 

DEEMED MEASURE COST  

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

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 
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)  
= 68%

1269
 

                                                                 
1268

 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 Heat Pumps (during system peak hour) 

 = 72%%
1270

 

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

1271
 

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.  

ΔkWh = (ΔkWh_cooling + ΔkWh_heating)  

Where:ΔkWh_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 * ηCool)  

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 assemblies
1272

)  

A_wall  = Net area of insulated wall (ft
2
) 

A_attic  = Total area of insulated ceiling/attic (ft
2
) 

Framing_factor_wall = Adjustment to account for area of framing 

                                                                                                                                                                                                               
1269

 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren Illinois service territory. 
1270

 Based on analysis of metering results from 24 heat pumps in Ameren Illinois service territory in PY5 coincident 
with AIC’s 2010 system peak; ‘Impact and Process Evaluation of Ameren Illinois Company’s Residential HVAC 
Program (PY5)’. 
1271

 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. 
1272 

An 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). 
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  = 25%
1273

 

Framing_factor_attic = Adjustment to account for area of framing 

  = 7%
1274

 

24  = Converts hours to days 

CDD  = Cooling Degree Days 

   = dependent on location:
1275

 

Climate Zone 
(City based upon) 

CDD 65 

1 (Rockford) 820 

2 (Chicago) 842 

3 (Springfield) 1,108 

4 (Belleville) 1,570 

5 (Marion) 1,370 

Weighted 
Average

1276
 

947 

 

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

= 0.75 
1277

  

1000 = Converts Btu to kBtu 

ηCool = Seasonal Energy Efficiency Ratio of cooling system (kBtu/kWh) 

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

1278
 

 Age of Equipment ηCool Estimate 
Before 2006 10 

                                                                 
1273

 ASHRAE, 2001, “Characterization of Framing Factors for New Low-Rise Residential Building Envelopes (904-
RP),” Table 7.1 
1274

 Ibid. 
1275

 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. 
1276

 Weighted based on number of occupied residential housing units in each zone. 
1277

 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.   
1278

 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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After 2006 13 

 

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) * ADJWall ) + (1/R_old - 1/R_attic) * 
A_attic * (1-Framing_factor_attic) * ADJAttic) * 24 * HDD] / (ηHeat * 3412)  

HDD  = Heating Degree Days 

    = Dependent on location:
1279

 

Climate Zone 
(City based upon) 

HDD 60 

1 (Rockford) 5,352 

2 (Chicago) 5,113 

3 (Springfield) 4,379 

4 (Belleville) 3,378 

5 (Marion) 3,438 

Weighted Average
1280

 4,860 

 

ηHeat  = Efficiency of heating system 

   = Actual. If not available refer to default table below:
1281

  

System Type 
Age of 

Equipment 
HSPF 

Estimate 

ηHeat (Effective 
COP Estimate) 

(HSPF/3.413)*0.85 

Heat Pump 
Before 2006 6.8 1.7 

After 2006 7.7 1.92 

Resistance N/A N/A 1 

 

3412  = Converts Btu to kWh 

 ADJWall = Adjustment for wall insulation to account for prescriptive engineering 

                                                                 
1279

 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 Illinois. 
1280

 Weighted based on number of occupied residential housing units in each zone. 
1281

 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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algorithms overclaiming savings.  

Market ADJWall 

Low Income 63%
1282

 

Non- Low Income 63%
1283

 

 

ADJAttic = Adjustment for attic insulation to account for prescriptive engineering 
algorithms overclaiming savings.  

Market ADJAttic 

Low Income 74%
1284

 

Non- Low Income 74%
1285

 

 

 

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

    = ΔTherms * Fe * 29.3 
 

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

  = 3.14%
1286

 

                                                                 
1282

 Based upon comparing algorithm derived savings estimate and evaluated bill analysis estimate in the following 
2011 Massachusetts Low Income report: “Low Income Single Family Program Impact Evaluation”, June 2012. See 
“Insulation ADJ calculations.xls” for details or calculation. 
1283

 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.xls” for details or calculation. 
1284

 Based upon comparing algorithm derived savings estimate and evaluated bill analysis estimate in the following 
2011 Massachusetts Low Income report: “Low Income Single Family Program Impact Evaluation”, June 2012. See 
“Insulation ADJ calculations.xls” for details or calculation. 
1285

 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.xls” for details or calculation. Note that basement walls is used as a proxy for crawlspace ceiling. 

For example, a non- low income single family home in Chicago with 990 ft
2
 of R-5 walls insulated to R-11 and 

700 ft
2 

of R-5 attic insulated to R-38, 10.5 SEER Central AC and 2.26 (1.92 including distribution losses) COP 
Heat Pump: 

ΔkWh  = (ΔkWh_cooling + ΔkWh_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  
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29.3  = kWh per therm 

 

SUMMER COINCIDENT PEAK DEMAND SAVINGS  

ΔkW  = (ΔkWh_cooling / FLH_cooling) * CF   

Where: 

FLH_cooling = Full load hours of air conditioning 

= Dependent on location as below:
1287

 

Climate Zone 
(City based upon) 

Single Family Multifamily 

1 (Rockford) 512 467 

2 (Chicago) 570 506 

3 (Springfield) 730 663 

4 (Belleville) 1,035 940 

5 (Marion) 903 820 

Weighted 
Average

1288
 

629 564 

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

 = 68%
1289

 

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

   72%%
1290

 

                                                                                                                                                                                                               
1286

 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% Fe. See “Programmable Thermostats Furnace Fan Analysis.xlsx” for reference. 
1287

 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. 
1288

 Weighted based on number of occupied residential housing units in each zone. 
1289

 Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren Illinois service territory. 
1290

 Based on analysis of metering results from 24 heat pumps in Ameren Illinois service territory in PY5 coincident 
 

For example, a non- low income single family home in Chicago with 990 ft
2
 of R-5 walls insulated to R-11 and 

700 ft
2 

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): 

ΔkWh  = 250.3 * 0.0314 * 29.3 

= 230 kWh 
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CFPJM = PJM Summer Peak Coincidence Factor for Central A/C (average during peak period) 

= 46.6%
1291

 

 

NATURAL GAS SAVINGS  

If Natural Gas heating: 

ΔTherms = ((((1/R_old - 1/R_wall) * A_wall * (1-Framing_factor_wall) * ADJWall ) + ((1/R_old - 1/R_attic) * 
A_attic * (1-Framing_factor_attic) * ADJAttic)) * 24 * HDD) / (ηHeat * 100,067 Btu/therm)  

Where: 

HDD  = Heating Degree Days 

  = Dependent on location:
1292

 

Climate Zone 
(City based upon) 

HDD 60 

1 (Rockford) 5,352 

2 (Chicago) 5,113 

3 (Springfield) 4,379 

4 (Belleville) 3,378 

5 (Marion) 3,438 

                                                                                                                                                                                                               
with AIC’s 2010 system peak; ‘Impact and Process Evaluation of Ameren Illinois Company’s Residential HVAC 
Program (PY5)’. 
1291

 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. 
1292 

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 Illinois. 

For example, a non- low income single family home in Chicago with 990 ft
2
 of R-5 walls insulated to R-11 and 

700 ft
2 

of R-5 attic insulated to R-38, 10.5SEER Central AC and 2.26 COP Heat Pump: 

ΔkWSSP  = 280 / 570 * 0.68 

= 0.33 kW 

ΔkWPJM  = 280 / 570 * 0.466  

= 0.23 kW 
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Weighted Average
1293

 4,860 

 

ηHeat  = Efficiency of heating system 

= Equipment efficiency * distribution efficiency 

= Actual.
1294

 If unknown assume 70%.
1295

 

Other factors as defined above 

 

WATER IMPACT DESCRIPTIONS AND CALCULATION   

N/A 

DEEMED O&M COST ADJUSTMENT CALCULATION  

N/A 

MEASURE CODE: RS-SHL-AINS-V04-140201 

NOTE: This represents a mid program year change to this measure, effective from February 1
st

, 2014. Any projects 
completed

1296
 prior to the effective date should use the version with measure code RS-SHL-AINS-V03-130601.  

                                                                 
1293

 Weighted based on number of occupied residential housing units in each zone. 
1294

 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. 
1295

 This has been estimated assuming that natural gas central furnace heating is typical for Illinois 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%20R
egion.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 
1296

 Projects may be “completed”, i.e. installation complete, without having received the rebate. 

For example, a non- low income single family home in Chicago with 990 ft
2
 of R-5 walls insulated to R-11 and 

700 ft
2 

of R-5 attic insulated to R-38, with a gas furnace with system efficiency of 66%: 

ΔTherms = ((((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 

http://www.bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet.pdf
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls)
http://www.eia.gov/consumption/residential/data/2009/xls/HC6.9%20Space%20Heating%20in%20Midwest%20Region.xls)
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