
Memorandum

To:	Technical Advisory Committee

FROM:	KEITH CRONIN, PROJECT LEAD and SAM DENT, TECHNICAL LEAD - VEIC

subject:	v14.0 Errata Measures effective 01/01/2026

Date:	12/08/2025

Cc:	CELIA JOHNSON, SAG


This memo documents errata changes to Version 14.0 of the Illinois Technical Reference Manual (TRM) that the Technical Advisory Committee (TAC) recommends be made effective 01/01/2026.

VEIC has provided a summary table below showing the errata measures and a brief summary of what was changed, followed by the v14.0 measures themselves. 

TRM Policy Document, Section 3.2.1, states that, 

“TAC participants should notify the TAC when a TRM mistake or omission is found. If a significant mistake or omission is found in the TRM that results in an unreasonable savings estimate, the Program Administrators, Evaluators, TRM Administrator, and TAC will strive to reach consensus on a solution that will result in a reasonable savings estimate. For example, an unreasonable savings estimate may result from an error or omission in the TRM. 

“In these limited cases where consensus is reached, the TRM Administrator shall inform the Evaluators to use corrected TRM algorithms and inputs to calculate energy and capacity savings, in addition to using the Commission-approved TRM algorithms and inputs to calculate savings. If the corrected TRM algorithms and inputs are stipulated for acceptance by all the parties in the Program Administrator’s savings docket, then the corrected TRM savings verification values may be used for the purpose of measuring savings toward compliance with the Program Administrator’s energy savings goals. Errors and omissions found in the TRM will be officially corrected through the annual TRM Update proceeding and will be identified as ‘Errata’.”

It is our belief and understanding that the following measures have been determined to be consensus errata by the Program Administrators, Evaluators, and the entire TAC. The term ‘errata’ is used to describe these measures, and in accordance with the TRM Policy Document, the Evaluators may use this version of the measures during evaluation of the current program year (in addition to the measures currently in Version 14.0 of the TRM). 




Summary of Errata Measures
	Section
	Measure Name
	Measure Code
	Brief Summary of Change
	TAC Reviewed and Approved As of

	4.8.2
	Spring Loaded Garage Door Hinge
	CI-SHL-SLDH-V03-260101
	Errors in calculation spreadsheet: Three Existing Building Electric savings values were using incorrect hour assumptions and delta T was not adjusted by location. 
	New

	5.3.4
	Duct Insulation and Sealing
	RS-HVC-DINS-V15-260101
	Gas Equivalent Full Load Hours (EFLHs) were incorrectly the same as the electric EFLHs. Fixed to be consistent with other gas measures.
	New

	[bookmark: _Ref325541060][bookmark: _Ref325541067][bookmark: _Toc325918700][bookmark: _Toc333219023][bookmark: _Toc437608302][bookmark: _Toc437855187][bookmark: _Toc442888382]6.2.1
	Voltage Optimization
	CC-SYS-VOPT-V04-260101
	Update to reflect the ICC’s approval of the Ameren Illinois Multi-Year Integrated Grid Plan (MYIGP) and the new baseline energy use period of 2019-2021.
	New



[bookmark: _Ref352945921][bookmark: _Toc437592993][bookmark: _Toc437856008][bookmark: _Toc466463639][bookmark: _Toc83368937][bookmark: _Hlk521469893][bookmark: _Hlk19082829]
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[bookmark: _Toc207897388][bookmark: _Toc437855981][bookmark: _Ref325429252][bookmark: _Toc333219082][bookmark: _Toc437592966][bookmark: _Toc466463610][bookmark: _Toc207805221]4.8.2 Spring-Loaded Garage Door Hinge
Description
Existing overhead doors often close loosely at the perimeter weather strips and between panels. Conditioned air escapes through these gaps, leading to energy loss. Spring-loaded hinges create tension and reduce gaps at the perimeter and between panels. The product is applicable for small-commercial and residential sectors, but the savings estimated by this measure apply only to small-commercial applications. This measure applies to sites where the inside area of the garage is conditioned during the heating season by natural gas.
This measure was developed to be applicable to the following program types: NC, RF.  If applied to other program types, the measure savings should be verified as a custom measure.
Definition of Efficient Equipment
The efficient equipment consists of a heavy-duty spring-loaded hinge installed in place of a standard hinge on a garage overhead door. The number of hinges per project may vary depending on the door type, size, and number of panels. The efficient condition is an air sealed garage door with no gaps around the perimeter or between panels.
Definition of Baseline Equipment
The baseline equipment is a garage door with a 1/8-inch gap between the door and the weather-stripping around the perimeter of the door. The bottom of the door is assumed sealed.
Deemed Lifetime of Efficient Equipment
The expected measure life is assumed to be 20 years.[footnoteRef:2] [2:  Public Service Commission of Wisconsin, “Evaluation – Business Program: Measure Life Study,” Focus on Energy (2009): page 1-4, Table 1-2 Recommended Measure Life by WISeerts Group Description for Building Shell Equip or Tech measure type, accessed March 26, 2019,  https://focusonenergy.com/sites/default/files/bpmeasurelifestudyfinal_evaluationreport.pdf. ] 

Deemed Measure Cost 
Incremental costs equal installed cost and will vary based on the number of hinges required per door. Based on information provided by the manufacturer to Nicor Gas, average material cost is $126 per garage door and installation cost is $63 per garage door for a total installed cost of $189 per garage door. The typical garage door is assumed to have 4 panels and 9 total hinges. 
Loadshape
Loadshape C04 - Commercial Electric Heating
Coincidence Factor
Savings relate to heating only so coincidence factor is assumed to be 0.

Algorithm 	
Calculation of Energy Savings 
Savings are calculated based on a reduction in airflow rate associated with decreased infiltration across the leakage area. The algorithm below for change in cubic feet per minute,  is modeled after equation 48 in Chapter 16: Ventilation and infiltration of the 2017 ASHRAE Handbook—Fundamentals.
Electric Energy and Fossil Fuel Savings





Where:
	= Leakage area, estimated at 51 (in2), of air gap before retrofit.[footnoteRef:3] [3:  Leakage area is estimated based on average door size of installations previously completed in Wisconsin and reported in the Wisconsin Focus on Energy Technical Reference Manual. Average door size is 10 ft x 12 ft, with a side and top perimeter equal to 1 top * (10 ft * 12 in/1 ft) + 2 sides* (12 ft * 12 in/1ft) = 408 in. At 1/8 in perimeter gap, the leakage area is 408 in * 1/8 in = 51 in2.] 

 	= Stack coefficient, 0.0299 (), adjustment based on airflow at average building height.[footnoteRef:4] [4:  2017 ASHRAE Handbook—Fundamentals, 16.24, Table 4 “Basic Model Stack Coefficient Cs”, assumed average building height of 16 feet, two-story.] 

 	= Wind coefficient, 0.0086 (, adjustment based on airflow at average building height and wind shelter classification.[footnoteRef:5] [5:  2017 ASHRAE Handbook—Fundamentals, 16.24, Table 6 “Basic Model Wind Coefficient Cw”, assumed average building height of 16 feet and shelter class 3: “Typical shelter caused by other buildings across street from building under study.”] 

 	= Average temperature difference between outside air temperature (OAT) during the heating season[footnoteRef:6]  and assumed indoor heating temperature setpoint 70°F;[footnoteRef:7] see table below. [6:  DOE Weather Data, TMY3 (Typical Meteorological Year), developed by NREL, for the average outdoor temperature when the heating system is expected to be operating.]  [7:  Energy Center of Wisconsin, “Baseline Building Energy Models – Nonresidential Heating Thermostat Setpoint,” ComEd Portfolio Modeling Report (July 2010): page 6. ] 

 	= Average wind speed (mph) during heating season, see table below.
	Climate Zone
	Average OAT, Heating (°F)
	Average Delta T, Heating (°F)
	Average heating Season Wind Speed (mph) [footnoteRef:8] [8:  DOE Weather Data, TMY3 (Typical Meteorological Year), developed by NREL, for the average wind speed when the heating system is expected to be operating, defined as hours where the average temperature is lower than 55°F.] 


	1 (Rockford)
	 32 
	 38
	10

	2 (Chicago)
	 34 
	 36 
	10

	3 (Springfield)
	 35 
	 35 
	10

	4 (Belleville)
	 36 
	 34 
	9

	5 (Marion)
	 39 
	31
	7



 	= Conversion from minutes to hours, 60 minutes/hour.
	= The density of air, 0.08 (lb/ft3) at 1 atmosphere pressure and approximately 30-40°F.[footnoteRef:9] [9:  Engineering ToolBox, (2003). Air - Density, Specific Weight and Thermal Expansion Coefficient at Varying Temperature and Constant Pressures. [online] Available at: https://www.engineeringtoolbox.com/air-density-specific-weight-d_600.html [Accessed March 2019].] 

	= Specific heat of air, 0.24 (BTU/lb) at 1 atmosphere pressure and 32°F.[footnoteRef:10] [10:  Engineering ToolBox, (2004). Air - Specific Heat at Constant Pressure and Varying Temperature. [online] Available at: https://www.engineeringtoolbox.com/air-specific-heat-capacity-d_705.html [Accessed March 2019].] 

COPheat 		= COP of electric heating system
			= If heat pump, assume 2.5 for New Construction and 2.05 for existing buildings[footnoteRef:11] [11:  Based on GDS Associates Inc., “2023-2024 Illinois Baseline Study: Nonresidential Baseline Study Results”, Oct 31 2024. Note HSPF value converted to HSPF2 by multiplying by 0.85. Effective COP estimated as 7.37/3.413 * 0.95 (to estimate distribution losses).] 

			= 1.0 if electric resistance heating
		= Efficiency of the heating system, assume 0.82 for planning purposes. [footnoteRef:12] [12:  Based on GDS Associates Inc., “2023-2024 Illinois Baseline Study: Nonresidential Baseline Study Results”, Oct 31 2024. Value based on weighting AFUE and Thermal Efficiency, and incorporating estimate of distribution losses of 0.95.] 

ConvkWh		= Conversion from BTUs to kWh
= 3,412 BTU/kWh
 	= Conversion from BTUs to therms
100,000 BTU/therm.
 	=Equivalent Full Load Heating Hours in Existing Buildings or New Construction are listed in section 4.4 HVAC End Use. 
Savings for all climate zones and selected building types are presented in the following tables:
	Annual kWh Savings Existing Buildings, Heat Pump

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Convenience Store
	667.9667.9
	575.6607.6
	492.8535.0
	325.6363.9
	294.2360.6

	Garage
	444.2432.0
	407.7430.4
	345.8375.5
	254.2284.1
	227.4388.0

	High School
	814.9832.0
	780.6824.8
	669.4734.2
	594.7495.9
	490.4514.4

	Manufacturing
	472.6472.6
	426.3449.9
	381.2413.8
	211.9236.9
	191.7235.0

	Office - Low Rise
	1274.0644.0
	1104.6632.9
	960.0498.9
	750.2289.1
	616.8293.9

	Retail - Strip Mall
	607.5607.5
	557.5588.5
	480.2521.4
	397.7444.5
	331.4406.2

	Warehouse
	579.5579.5
	541.1571.2
	479.0520.0
	428.8479.2
	370.1453.6



	Annual kWh Savings Existing Buildings, Electric Resistance

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Convenience Store
	1369.21369.2
	1180.01245.6
	1010.21096.8
	667.4746.0
	603.1739.3

	Garage
	910.6885.7
	835.9882.3
	709.0769.8
	521.1582.4
	466.1795.5

	High School
	1670.51705.7
	1600.11690.9
	1372.21505.2
	1219.21016.6
	1005.41054.6

	Manufacturing
	968.9968.9
	873.8922.4
	781.4848.4
	434.5485.6
	393.0481.7

	Office - Low Rise
	2611.71320.2
	2264.31297.5
	1968.01022.7
	1538.0592.7
	1264.4602.5

	Retail - Strip Mall
	1245.31245.3
	1143.01206.5
	984.41068.8
	815.3911.3
	679.3832.7

	Warehouse
	1188.01188.0
	1109.31170.9
	981.91066.1
	878.9982.3
	758.7930.0



	Annual kWh Savings New Construction, Heat Pump

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Grocery
	1033.61033.6
	962.01015.4
	848.5921.2
	729.5815.3
	643.9789.3

	High School
	555.4555.4
	534.5564.2
	455.4494.4
	393.3439.5
	322.1394.8

	Office - Low Rise
	352.8352.8
	316.1333.6
	274.9298.5
	204.4228.5
	164.6201.8

	Retail - Strip Mall
	359.8359.8
	299.2315.8
	323.5351.3
	262.7293.6
	192.6236.1

	Warehouse
	522.5522.5
	479.6506.3
	465.3505.2
	397.9444.7
	319.8392.0



	Annual kWh Savings New Construction, Electric Resistance

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Grocery
	2583.92583.9
	2405.02538.6
	2121.12303.0
	1823.82038.3
	1609.71973.2

	High School
	1388.61388.6
	1336.21410.4
	1138.41236.0
	983.21098.8
	805.2987.0

	Office - Low Rise
	882.0882.0
	790.1834.0
	687.4746.3
	511.1571.3
	411.6504.5

	Retail - Strip Mall
	899.5899.5
	747.9789.4
	808.8878.2
	656.7734.0
	481.6590.4

	Warehouse
	1306.31306.3
	1199.01265.6
	1163.31263.1
	994.71111.7
	799.6980.1




	Annual Therm Savings Existing Buildings

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Convenience Store
	57.057.0
	49.151.8
	42.045.6
	27.831.0
	25.130.8

	Garage
	37.937.9
	34.836.7
	29.532.0
	21.724.2
	19.423.8

	High School
	69.569.5
	66.670.3
	57.162.0
	50.756.7
	41.851.3

	Manufacturing
	40.340.3
	36.438.4
	32.535.3
	18.120.2
	16.420.0

	Office - Low Rise
	108.7108.7
	94.299.5
	81.988.9
	64.071.5
	52.664.5

	Retail - Strip Mall
	51.851.8
	47.650.2
	41.044.5
	33.937.9
	28.334.6

	Warehouse
	49.449.4
	46.248.7
	40.944.4
	36.640.9
	31.638.7



	Annual Therm Savings New Construction

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Grocery
	107.5107.5
	100.1105.6
	88.395.8
	75.984.8
	67.082.1

	High School
	57.857.8
	55.658.7
	47.451.4
	40.945.7
	33.541.1

	Office - Low Rise
	36.736.7
	32.934.7
	28.631.1
	21.323.8
	17.121.0

	Retail - Strip Mall
	37.437.4
	31.132.8
	33.736.5
	27.330.5
	20.024.6

	Warehouse
	54.454.4
	49.952.7
	48.452.6
	41.446.3
	33.340.8



Savings for all climate zones and selected building types per linear foot (dividing by 34 linear ft) are presented in the following tables:
	Annual kWh Savings per Linear Foot Existing Buildings, Heat Pump

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Convenience Store
	19.619.6
	16.917.9
	14.515.7
	9.610.7
	8.710.6

	Garage
	13.112.7
	12.012.7
	10.211.0
	7.58.4
	6.711.4

	High School
	24.024.5
	23.024.3
	19.721.6
	17.514.6
	14.415.1

	Manufacturing
	13.913.9
	12.513.2
	11.212.2
	6.27.0
	5.66.9

	Office - Low Rise
	37.518.9
	32.518.6
	28.214.7
	22.18.5
	18.18.6

	Retail - Strip Mall
	17.917.9
	16.417.3
	14.115.3
	11.713.1
	9.711.9

	Warehouse
	17.017.0
	15.916.8
	14.115.3
	12.614.1
	10.913.3



	Annual kWh Savings per Linear Foot Existing Buildings, Electric Resistance

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Convenience Store
	40.340.3
	34.736.6
	29.732.3
	19.621.9
	17.721.7

	Garage
	26.826.0
	24.626.0
	20.922.6
	15.317.1
	13.723.4

	High School
	49.150.2
	47.149.7
	40.444.3
	35.929.9
	29.631.0

	Manufacturing
	28.528.5
	25.727.1
	23.025.0
	12.814.3
	11.614.2

	Office - Low Rise
	76.838.8
	66.638.2
	57.930.1
	45.217.4
	37.217.7

	Retail - Strip Mall
	36.636.6
	33.635.5
	29.031.4
	24.026.8
	20.024.5

	Warehouse
	34.934.9
	32.634.4
	28.931.4
	25.928.9
	22.327.4



	Annual kWh Savings per Linear Foot New Construction, Heat Pump

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Grocery
	30.430.4
	28.329.9
	25.027.1
	21.524.0
	18.923.2

	High School
	16.316.3
	15.716.6
	13.414.5
	11.612.9
	9.511.6

	Office - Low Rise
	10.410.4
	9.39.8
	8.18.8
	6.06.7
	4.85.9

	Retail - Strip Mall
	10.610.6
	8.89.3
	9.510.3
	7.78.6
	5.76.9

	Warehouse
	15.415.4
	14.114.9
	13.714.9
	11.713.1
	9.411.5



	Annual kWh Savings per Linear Foot New Construction, Electric Resistance

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Grocery
	76.076.0
	70.774.7
	62.467.7
	53.660.0
	47.358.0

	High School
	40.840.8
	39.341.5
	33.536.4
	28.932.3
	23.729.0

	Office - Low Rise
	25.925.9
	23.224.5
	20.221.9
	15.016.8
	12.114.8

	Retail - Strip Mall
	26.526.5
	22.023.2
	23.825.8
	19.321.6
	14.217.4

	Warehouse
	38.438.4
	35.337.2
	34.237.1
	29.332.7
	23.528.8



	Annual Therm Savings per Linear Foot Existing Buildings

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Convenience Store
	1.681.68
	1.441.52
	1.241.34
	0.820.91
	0.740.90

	Garage
	1.111.11
	1.021.08
	0.870.94
	0.640.71
	0.570.70

	High School
	2.042.04
	1.962.07
	1.681.82
	1.491.67
	1.231.51

	Manufacturing
	1.191.19
	1.071.13
	0.961.04
	0.530.59
	0.480.59

	Office - Low Rise
	3.203.20
	2.772.93
	2.412.61
	1.882.10
	1.551.90

	Retail - Strip Mall
	1.521.52
	1.401.48
	1.201.31
	1.001.12
	0.831.02

	Warehouse
	1.451.45
	1.361.43
	1.201.30
	1.081.20
	0.931.14



	Annual Therm Savings per Linear Foot New Construction

	Building Type
	Zone 1 (Rockford)
	Zone 2 (Chicago)
	Zone 3 (Springfield)
	Zone 4 (Belleville)
	Zone 5 (Marion)

	Grocery
	3.163.16
	2.943.11
	2.602.82
	2.232.49
	1.972.41

	High School
	1.701.70
	1.641.73
	1.391.51
	1.201.34
	0.991.21

	Office - Low Rise
	1.081.08
	0.971.02
	0.840.91
	0.630.70
	0.500.62

	Retail - Strip Mall
	1.101.10
	0.920.97
	0.991.07
	0.800.90
	0.590.72

	Warehouse
	1.601.60
	1.471.55
	1.421.55
	1.221.36
	0.981.20


	
Summer Coincident Peak Demand Savings
N/A, electric savings is for space heating that only occurs during the winter.
Fossil Fuel Savings
Calculation provided together with Electric Energy Savings above.
Water and Other Non-Energy Impact Descriptions and Calculation  
N/A
Deemed O&M Cost Adjustment Calculation
[bookmark: _Toc4497184]N/A
Measure Code: CI-SHL-SLDH-V02V03-260101
Review Deadline: 1/1/2030


5.3.4 [bookmark: _Hlk521589085]Duct Insulation and Sealing
Description 
This measure describes evaluating the savings associated with adding duct insulation or performing duct sealing using mastic sealant, metal tape, or injection of UL certified and low VOC for sealant to the distribution system of homes with either central air conditioning or a ducted heating system. 
Three methodologies for estimating the savings associate from sealing the ducts are provided, one of which can also be used to estimate duct insulation savings. The first preferred method requires the use of a blower door, the second method requires a pressurized duct test, and the third requires careful inspection of the duct work.
1. Modified Blower Door Subtraction – this technique is described in detail on the Energy Conservatory website. See ‘The Energy Conservatory_Blower-Door-Subtraction-Method.pdf’.  
1. Pressurized Duct Test – this technique includes direct measurement of air leaks in the duct system.
1. Evaluation of Distribution Efficiency – this methodology can be used to estimate duct insulation or duct sealing savings, and requires the evaluation of three duct characteristics below, and use of the Building Performance Institutes ‘Distribution Efficiency Look-Up Table’[footnoteRef:13]. [13: Building Performance Institute, Distribution Efficiency Look-up Tables. https://www.bpi.org/sites/default/files/Guidance%20on%20Estimating%20Distribution%20Efficiency.pdf ] 

0. Percentage of duct work found within the conditioned space
0. Duct leakage evaluation
0. Duct insulation evaluation
This measure was developed to be applicable to the following program types:  RF. If applied to other program types, the measure savings should be verified.
For duct insulation and sealing of central systems in multifamily buildings, use Volume 2 Commercial and Industrial Measures.
Definition of Efficient Equipment 
For duct sealing, the efficient condition is sealed duct work throughout the unconditioned or semi-conditioned space in the home. A non‐conditioned space is defined as a space outside of the thermal envelope of the building that is not intentionally heated for occupancy (crawl space, roof attic, etc.). A semi-conditioned space is defined as a space within the thermal envelop that is not intentionally heated for occupancy (unfinished basement).[footnoteRef:14] [14:  Definition matches Regain factor discussed in Home Energy Services Impact Evaluation, prepared for the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012] 

For duct insulation, the efficient condition is ductwork insulated with a minimum of R-4 insulation in an unconditioned or semi-conditioned space in the home.
Definition of Baseline Equipment 
For duct sealing, the existing baseline condition is leaky duct work within the unconditioned or semi-conditioned space in the home.
For duct insulation, the baseline condition is un-insulated ductwork that passes through an unconditioned or semi-conditioned space in the home.
Deemed Lifetime of Efficient Equipment 
The assumed lifetime of this measure is 20 years.[footnoteRef:15] [15:  Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June 2007.] 

Note: a mid-life adjustment to account for replacement of HVAC equipment during the measure life should be applied after 10 years.[footnoteRef:16] See section below for detail. [16:  This is intentionally longer than the assumptions found in the early replacement measures as the application of this measure will occur in a variety of homes that will not be targeted for early replacement HVAC systems.] 

Deemed Measure Cost 
The actual duct sealing or insulating measure cost should be used.
Loadshape
Loadshape R08 - Residential Cooling
Loadshape R09 - Residential Electric Space Heat
Loadshape R10 - Residential Electric Heating and Cooling (Shell Measures)
Coincidence Factor 
The summer peak coincidence factor for cooling is provided in two different ways below. The first is used to estimate peak savings during the utility peak hour and is most indicative of actual peak benefits, and the second represents the average savings over the defined summer peak period and is presented so that savings can be bid into PJM’s capacity market.  
CFSSP 	= Summer System Peak Coincidence Factor for Central A/C (during utility peak hour) 
= 68%[footnoteRef:17] [17:  Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren Illinois service territory.] 

CFPJM  	= PJM Summer Peak Coincidence Factor for Central A/C (average during PJM peak period)
= 46.6%[footnoteRef:18] [18:  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.] 

Algorithm
Calculation of Savings 
Electric Energy Savings
For Methodology 1: Modified Blower Door Subtraction, follow steps (a) through (c)
For Methodology 2: Pressurized Duct Test, follow step (c) 
1. Determine Duct Leakage rate before and after performing duct sealing:
Duct Leakage (CFM50DL) 	= (CFM50Whole House – CFM50Envelope Only) * SCF
Where:
CFM50Whole House	= Standard Blower Door test result finding Cubic Feet per Minute at 50 Pascal pressure differential 
CFM50Envelope Only	= Blower Door test result finding Cubic Feet per Minute at 50 Pascal pressure differential with all supply and return registers sealed.
SCF	= Subtraction Correction Factor to account for underestimation of duct leakage due to connections between the duct system and the home. Determined by measuring pressure in duct system with registers sealed and using look up table provided by Energy Conservatory.
1. Calculate duct leakage reduction, convert to CFM25DL and factor in Supply and Return Loss Factors
Duct Leakage Reduction (∆CFM25DL) 	= (Pre CFM50DL – Post CFM50DL) * 0.64 * (SLF + RLF)
Where:	
	0.64		= Converts CFM50 to CFM25[footnoteRef:19] [19:  25 Pascals is the standard assumption for typical pressures experienced in the duct system under normal operating conditions. To convert CFM50 to CFM25 you multiply by 0.64 (inverse of the “Can’t Reach Fifty” factor for CFM25; see Energy Conservatory Blower Door Manual).] 

SLF		= Supply Loss Factor
		= % leaks sealed located in Supply ducts * 1 [footnoteRef:20] [20:  Assumes that for each percent of supply air loss there is one percent annual energy penalty. This assumes supply side leaks are direct losses to the outside and are not recaptured back to the house. This could be adjusted downward to reflect regain of usable energy to the house from duct leaks. For example, during the winter some of the energy lost from supply leaks in a crawlspace will probably be regained back to the house (sometimes 1/2 or more may be regained). More information provided in “Appendix E Estimating HVAC System Loss From Duct Airtightness Measurements” from Energy Conservatory ‘Minneapolis Duct Blaster Operation Manual’.] 

		Default = 0.5[footnoteRef:21] [21:  Assumes 50% of leaks are in supply ducts. ] 

RLF		= Return Loss Factor
		= % leaks sealed located in Return ducts * 0.5[footnoteRef:22] [22:  Assumes that for each percent of return air loss there is a half percent annual energy penalty. Note that this assumes that return leaks contribute less to energy losses than do supply leaks. This value could be adjusted upward if there was reason to suspect that the return leaks contribute significantly more energy loss than “average” (e.g. pulling return air from a super heated attic), or can be adjusted downward to represent significantly less energy loss (e.g. pulling return air from a moderate temperature crawl space) . More information provided in “Appendix E Estimating HVAC System Loss From Duct Airtightness Measurements” from Energy Conservatory ‘Minneapolis Duct Blaster Operation Manual’.] 

		Default = 0.25[footnoteRef:23] [23:  Assumes 50% of leaks are in return ducts.] 

1. Calculate Electric Energy Savings:
ΔkWh		= ΔkWhcooling + ΔkWhheatingElectric + ΔkWhFan
ΔkWhcooling 	= ((∆CFM25DL/ ((OutputCapacityCool/12,000) * 400)) * FLHcool * OutputCapacityCool * TRFcool * %Cool) / 1,000 / ηCool 
ΔkWhheatingElectric 	= ((∆CFM25DL /((OutputCapacityHeat/12,000) * 400)) * FLHheatElec * OutputCapacityHeat * TRFheat *%ElectricHeat) / ηHeat / 3412
ΔkWhFan 	If fossil fueled furnace:	= (ΔTherms * Fe * 29.3)
			If electric furnace:	= ΔkWh_heating * Fe
Where:
	∆CFM25DL	= Duct leakage reduction in CFM25
			= For Methodology 1: Modified Blower Door Subtraction,calculated above
			= For Methodology 2: Pressurized Duct Test, use actual
OutputCapacityCool	= Output capacity of Air Cooling system (Btu/hr) 
		= Actual
12,000		= Converts Btu/H capacity to tons
400		= Converts capacity in tons to CFM (400CFM / ton)[footnoteRef:24] [24:  This conversion is an industry rule of thumb; e.g. see ‘Why 400 CFM per ton.pdf’.] 

FLHcool 		= Full load cooling hours
		= Dependent on location as below:[footnoteRef:25] [25:  Based on Full Load Hours from ENERGY STAR with adjustments made in a Navigant Evaluation, other cities were scaled using those results and CDD. There is a county mapping table in Volume 1, Section 3.7 providing the appropriate city to use for each county of Illinois. During update cycle for version v.12, applied percent change of CDD65, NCEI Annual Normals from 30 yr data set (1981-2010) to more recent 15 yr data (2006-2020) to all FLHcool values.] 

	Climate Zone
(City based upon)
	FLHcool
Single Family
	FLHcool
Multifamily

	1 (Rockford)
	547
	499

	2 (Chicago)
	709
	629

	3 (Springfield)
	779
	707

	4 (Belleville)
	1,082
	982

	5 (Marion)
	956
	868

	Weighted Average[footnoteRef:26] [26:  Weighting for Ameren is based on electric accounts in each of the cooling zones. Weighting for ComEd and Statewide average is based on number of occupied residential housing units in each zone. ComEd is weighted average of Zones 1-2. Alternative program-weighted assumptions can be used if appropriate.] 

ComEd
Ameren
Statewide
	
676
875
           731
	
603
791
655


Use Multifamily if: Building meets utility’s definition for multifamily and system serves single unit. For residential sized systems serving 2 or more units, assume single family hours. For central systems use Volume 2 Commercial and Industrial Measures.
TRFcool	= Thermal Regain Factor for cooling by space type
= 1.0 for Unconditioned Spaces
                = 0.4 for Semi-Conditioned Spaces[footnoteRef:27] [27:  Thermal regain (i.e. the potential for conditioned air escaping from ducts not being lost to the atmosphere) for residential pipe insulation measures is discussed in Home Energy Services Impact Evaluation, prepared for the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012.] 

%Cool		= Percent of homes that have cooling
	Cooling (Central or Room AC)
	%Cool
(By Market Segment)

	
	Single Family Non-IQ
	Single Family IQ
	Multi Family Non-IQ
	Multi Family IQ
	Unknown

	Yes
	100%

	No
	0%

	Unknown (for use in program evaluation only)[footnoteRef:28] [28:  Based on GDS Associates Inc., “2023-2024 Illinois Baseline Study: Residential Baseline Study Results”, Oct 31 2024.] 

	98.9%
	96.5%
	99.8%
	98.7%
	98.6%



1000		= Converts Btu to kBtu
ηCool	= Efficiency (SEER2) of Air Conditioning equipment (kBtu/kWh) * DistEffbase 
	DistEffbase	= Distribution Efficiency of base condition
= Actual where it is possible to measure or reasonably estimate. If unknown assume 0.85[footnoteRef:29]   [29:  Based on Building Performance Institute Inc., “Duct Efficiency Tables”.] 

= Actual. If unknown assume the following:[footnoteRef:30] [30:  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. Note all ratings have been converted to SEER2 equivalents – since the new rating better reflects the actual efficiency of the units.] 

	Age of Equipment
	SEER2 Estimate
	ηCool 
(SEER2 * 0.85)

	Before 2006
	9.5
	8.1

	After 2006 - 2014
	12.4
	10.5

	Central AC After 1/1/2015
	12.4
	10.5

	Heat Pump After 1/1/2015
	13.3
	11.3

	Unknown (for use in program evaluation only)[footnoteRef:31] [31:  Efficiencies presented above are weighted as per data provided by GDS Associates Inc., “2023-2024 Illinois Baseline Study: Residential Baseline Study Results”, Oct 31 2024.] 

Single Family Non-IQ
Single Family IQ
Multi Family Non-IQ
Multi Family IQ
Unknown
	
10.5
10.5
10.6
10.5
10.5



ΔTherms 	= Therm savings as calculated in Fossil Fuel Savings
Fe		= Furnace Fan energy consumption as a percentage of annual fuel consumption
		= 3.14%[footnoteRef:32] [32:  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.] 

29.3		= kWh per therm
For example, duct sealing in unconditioned space a single family house in Springfield with a 36,000 Btu/H, SEER 11 central air conditioning with 85% estimated distribution efficiency, an 80% AFUE, 105,000 Btu/H natural gas furnace and the following blower door test results:
Before: 	CFM50Whole House 	= 4800 CFM50 
CFM50Envelope Only = 4500 CFM50
House to duct pressure of 45 Pascals. = 1.29 SCF (Energy Conservatory look up table)
After: 	CFM50Whole House 	= 4600 CFM50 
CFM50Envelope Only = 4500 CFM50
House to duct pressure of 43 Pascals = 1.39 SCF (Energy Conservatory look up table)
Duct Leakage: 
CFM50DL before 	= (4800 – 4500) * 1.29
			= 387 CFM
CFM50DL after 	= (4600 – 4500) * 1.39
			= 139 CFM
Duct Leakage reduction at CFM25: 
∆CFM25DL	= (387 – 139) * 0.64 * (0.5 + 0.25)
	= 119 CFM25	
Energy Savings:
ΔkWhcooling	= [((119 / ((36,000/12,000) * 400)) * 779 * 36,000 * 1) / 1000 / (11 * 0.85)] + (179 * 0.0314 * 29.3)
				= 297 + 165 
= 462 kWh

Heating savings for homes with electric heat:
ΔkWhheatingElectric 	= ((∆CFM25DL /((OutputCapacityHeat/12,000) * 400)) * FLHheatElec * OutputCapacityHeat * TRFheat *%ElectricHeat) / ηHeat / 3412
Where:
OutputCapacityHeat	= Heating output capacity (Btu/hr) of electric heat
		=Actual
FLHheatElec		= Full load heating hours for electric heat
		= Dependent on location as below:[footnoteRef:33] [33:  Heating EFLH based on ENERGY STAR EFLH for Rockford, Chicago, and Springfield and on NCDC/NOAA HDD for the other two cities. In all cases, the hours were adjusted based on average natural gas heating consumption in IL.] 

	Climate Zone
(City based upon)
	FLH_heat

	1 (Rockford)
	1924

	2 (Chicago)
	1726

	3 (Springfield)
	1708

	4 (Belleville)
	1195

	5 (Marion/Murphysboro)
	1270

	Weighted Average[footnoteRef:34] [34:  Weighting for Ameren is based on electric heat accounts in each of the heating zones. Weighting for ComEd and Statewide average is based on number of occupied residential housing units in each zone. ComEd is weighted average of Zones 1-2. Alternative program-weighted assumptions can be used if appropriate.] 

ComEd
Ameren
Statewide
	
1766
1547
1700



TRFheat 		= Thermal Regain Factor for heating by space type 
= 0.40 for Semi-Conditioned Spaces
                        		= 1.0 for Unconditioned Spaces[footnoteRef:35] [35:  Thermal regain (i.e. the potential for conditioned air escaping from ducts not being lost to the atmosphere) for residential pipe insulation measures is discussed in Home Energy Services Impact Evaluation, prepared for the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012.] 

%ElectricHeat	= Percent of homes that have electric space heating
= 100 % for Electric Resistance (Baseboard or Electric Furnace) or Heat Pump
		= 0 % for Natural Gas
		= If unknown[footnoteRef:36], use the following table: [36:  Ameren and Nicor values are based on GDS Associates Inc., “2023-2024 Illinois Baseline Study: Residential Baseline Study Results”, Oct 31 2024. ComEd values based on 2019 Baseline Survey and People’s Gas and Northshore Gas values are based on implementation contractors data for PY2022-2023. ] 

	Utility
	Location

	
	Single Family
	Single Family Low Income
	Multi Family
	Multi Family Low Income
	Unknown

	Ameren
	14.0%
	13.7%
	37.2%
	56.3%
	19.5%

	ComEd
	14.0%
	21.5%
	43.0%
	48.4%
	32.9%

	PGL
	1.0%
	1.5%
	4.0%
	2.8%
	2.2%

	NSG
	1.3%
	0.8%
	32.5%
	1.2%
	3.3%

	Nicor
	1.6%
	3.8%
	13.5%
	21.6%
	4.7%

	All DUs[footnoteRef:37] [37:  For the weighted average calculations, please see the Analysis file. PGL, NSG, Nicor & gas customers were assumed to follow the provided split. ComEd total customers, minus overlap with PGL,NSG & Nicor, therefore electric only homes. Ameren is total customers minus Nicor.] 

	
	
	
	
	24.6%


Note: If a measure is supported by a gas and electric utility through a joint program, and it is unknown whether the participant has a gas supply, the electric utility values in the table above should be used. If it is known that the participant has a gas supply, the values from the gas utility above should be applied.

ηHeat 		= Efficiency in COP of Heating equipment * DistEffbase
DistEffbase	= Distribution Efficiency of base condition
= Actual where it is possible to measure or reasonably estimate. If unknown assume 0.85[footnoteRef:38]   [38:  Based on Building Performance Institute Inc., “Duct Efficiency Tables”.] 

= Actual. If not available use:[footnoteRef:39] [39:  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. Note all ratings have been converted to HSPF2 equivalents – since the new rating better reflects the actual efficiency of the units.] 

	System Type
	Age of Equipment
	HSPF2 Estimate
	ηHeat (Effective COP Estimate * Distribution Efficiency) = (HSPF2/3.412)*0.85

	Heat Pump
(if age unknown, assume 2006-2014)
	Before 2006
	5.8
	1.44

	
	After 2006 - 2014
	6.5
	1.62

	
	2015 on
	7.0
	1.74

	Resistance 
(Baseboard or Electric Furnace)
	N/A
	N/A
	1.00

	Unknown (for use in program evaluation only)[footnoteRef:40] [40:  Calculation assumes 35% Heat Pump and 65% Resistance, which is based upon data from Energy Information Administration, 2009 Residential Energy Consumption Survey, see “HC6.9 Space Heating in Midwest Region.xls”, using average for East North Central Region. Average efficiency of heat pump is assumed consistent with the baseline for 2006-2014. Program or evaluation data should be used to improve this assumption if available.] 

	N/A
	N/A
	1.32



3412	= Converts Btu to kWh
For example, duct sealing in unconditioned space in a 36,000 Btu/H 2.5 COP heat pump heated single family house in Springfield with the blower door results described above:
ΔkWhheating	= ((119 / ((36,000/12,000) * 400)) * 1,708 * 36,000 * 1 * 1) / 2.5 / 3,412
			= 715 kWh

Methodology 3: Evaluation of Distribution Efficiency
Determine Distribution Efficiency by evaluating duct system before and after duct sealing or duct insulating using Building Performance Institute “Distribution Efficiency Look-Up Table”.
ΔkWh	= ((((DEafter – DEbefore) / DEafter) * FLHcool * CapacityCool * TRFcool * %Cool)/1,000 / ηCool) + (ΔTherms * Fe * 29.3)
Where:
DEafter		= Distribution Efficiency after duct sealing, see table below[footnoteRef:41]	 [41:  Building Performance Institute, Distribution Efficiency Look-up Tables, Climate Zones 4-5. https://www.bpi.org/sites/default/files/Guidance%20on%20Estimating%20Distribution%20Efficiency.pdf] 

DEbefore		= Distribution Efficiency before duct sealing, see table below[footnoteRef:42] [42:  Ibid] 

	Insulation
	Sealing
	Heating
	Cooling

	
	
	Attic
	Basement
	Vented Crawl
	Attic
	Basement
	Vented Crawl

	R-0
	Leaky
	69%
	93%
	74%
	61%
	81%
	76%

	
	Average
	73%
	94%
	78%
	64%
	87%
	83%

	
	Tight
	77%
	95%
	82%
	73%
	94%
	91%

	R-2
	Leaky
	76%
	94%
	80%
	65%
	83%
	78%

	
	Average
	82%
	96%
	85%
	74%
	88%
	85%

	
	Tight
	87%
	97%
	90%
	84%
	95%
	93%

	R-4
	Leaky
	79%
	95%
	82%
	67%
	83%
	79%

	
	Average
	84%
	96%
	87%
	77%
	89%
	86%

	
	Tight
	90%
	98%
	92%
	87%
	95%
	94%

	R-8
	Leaky
	80%
	95%
	84%
	69%
	83%
	79%

	
	Average
	86%
	97%
	89%
	79%
	89%
	87%

	
	Tight
	92%
	98%
	94%
	90%
	95%
	94%



FLHcool 		= Full load cooling hours
		= Dependent on location as below:[footnoteRef:43] [43:  Based on Full Load Hours from ENERGY STAR with adjustments made in a Navigant Evaluation, other cities were scaled using those results and CDD. There is a county mapping table in Volume 1, Section 3.7 providing the appropriate city to use for each county of Illinois. During update cycle for version v.12, applied percent change of CDD65, NCEI Annual Normals from 30 yr data set (1981-2010) to more recent 15 yr data (2006-2020) to all FLHcool values.] 

	Climate Zone
(City based upon)
	FLHcool
Single Family
	FLHcool
Multifamily

	1 (Rockford)
	547
	499

	2 (Chicago)
	709
	629

	3 (Springfield)
	779
	707

	4 (Belleville)
	1,082
	982

	5 (Marion)
	956
	868

	Weighted Average[footnoteRef:44] [44:  Weighting for Ameren is based on electric accounts in each of the cooling zones. Weighting for ComEd and Statewide average is based on number of occupied residential housing units in each zone. ComEd is weighted average of Zones 1-2. Alternative program-weighted assumptions can be used if appropriate.] 

ComEd
Ameren
Statewide
	
676
875
731
	
603
791
655


Use Multifamily if: Building meets utility’s definition for multifamily and system serves single unit. For residential sized systems serving 2 or more units, assume single family hours. For central systems use Volume 2 Commercial and Industrial Measures.
CapacityCool	= Capacity of Air Cooling system (Btu/hr) 
		= Actual 
TRFcool	= Thermal Regain Factor for cooling by space type
= 1.0 for Unconditioned Spaces
              	= 0.4 for Semi-Conditioned Spaces[footnoteRef:45] [45:  Thermal regain for residential pipe insulation measures is discussed in Home Energy Services Impact Evaluation, prepared for the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012.] 

%Cool		= Percent of homes that have cooling
	Central Cooling?
	%Cool

	Yes
	100%

	No
	0%

	Unknown (for use in program evaluation only)[footnoteRef:46] [46:  Percentage of homes in Illinois that have central cooling from “Table HC7.9 Air Conditioning in Homes in Midwest Region, Divisions, and States, 2009” from Energy Information Administration, 2009 Residential Energy Consumption Survey] 

	66%


1000		= Converts Btu to kBtu
ηCool		= Efficiency (SEER2) of Air Conditioning equipment (kBtu/kWh) * DistEffbase
DistEffbase	= Distribution Efficiency of base condition
= Actual where it is possible to measure or reasonably estimate. If unknown assume 0.85[footnoteRef:47]   [47:  Based on Building Performance Institute Inc., “Duct Efficiency Tables”.] 

= Actual. If unknown assume:[footnoteRef:48] [48:  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 means that using the minimum standard is appropriate. Note all ratings have been converted to SEER2 equivalents – since the new rating better reflects the actual efficiency of the units.] 

	Age of Equipment
	SEER2 Estimate
	ηCool 
(SEER2 * 0.85)

	Before 2006
	9.5
	8.1

	After 2006 - 2014
	12.4
	10.5

	Central AC After 1/1/2015
	12.4
	10.5

	Heat Pump After 1/1/2015
	13.3
	11.3

	Unknown (for use in program evaluation only)[footnoteRef:49] [49:  Efficiencies presented above are weighted as per data provided by GDS Associates Inc., “2023-2024 Illinois Baseline Study: Residential Baseline Study Results”, Oct 31 2024.] 

Single Family Non-IQ
Single Family IQ
Multi Family Non-IQ
Multi Family IQ
	
10.5
10.5
10.6
10.5





For example, duct sealing in unconditioned space in a single family house in Springfield, with 36,000 Btu/H SEER 11 central air conditioning and estimated 85% distribution efficiency, an 80% AFUE, 105,000 Btu/H natural gas furnace and the following duct evaluation results:
DEbefore		= 0.85
DEafter		= 0.92	
Energy Savings:
ΔkWhcooling	= ((((0.92 – 0.85)/0.92) * 779 * 36,000 * 1 * 1) / 1000 / (11 * 0.85)) + (179 * 0.0314 * 29.3)
				= 228 + 165 
= 393 kWh

Heating savings for homes with electric heat:
ΔkWhheatingElectric	= ((DEafter – DEbefore)/ DEafter)) * FLHheatElec * OutputCapacityHeat * TRFheat * %ElectricHeat) / ηHeat / 3412
Where:
OutputCapacityHeat	= Heating output capacity (Btu/hr) of the electric heat
		= Actual
FLHheatElec		= Full load heating hours for electric heat
		= Dependent on location as below:[footnoteRef:50] [50:  Heating EFLH based on ENERGY Star EFLH for Rockford, Chicago, and Springfield and on NCDC/NOAA HDD for the other two cities. In all cases, the hours were adjusted based on average natural gas heating consumption in IL.] 

	Climate Zone
(City based upon)
	FLH_heat

	1 (Rockford)
	1924

	2 (Chicago)
	1726

	3 (Springfield)
	1708

	4 (Belleville)
	1195

	5 (Marion)
	1270

	Weighted Average[footnoteRef:51] [51:  Weighting for Ameren is based on electric heat accounts in each of the heating zones. Weighting for ComEd and Statewide average is based on number of occupied residential housing units in each zone. ComEd is weighted average of Zones 1-2. Alternative program-weighted assumptions can be used if appropriate.] 

ComEd
Ameren
Statewide
	
1766
1547
1700



	
TRFheat 		= Thermal Regain Factor for heating by space type 
= 0.40 for Semi-Conditioned Spaces
                        		= 1.0 for Unconditioned Spaces[footnoteRef:52] [52:  Thermal regain for residential pipe insulation measures is discussed in Home Energy Services Impact Evaluation, prepared for the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012.] 

%ElectricHeat	= Percent of homes that have electric space heating
= 100 % for Electric Resistance (Baseboard or Electric Furnace) or Heat Pump
		= 0 % for Natural Gas
		= If unknown[footnoteRef:53], use the following table: [53:  Ameren and Nicor values are based on GDS Associates Inc., “2023-2024 Illinois Baseline Study: Residential Baseline Study Results”, Oct 31 2024. ComEd values based on 2019 Baseline Survey and People’s Gas and Northshore Gas values are based on implementation contractors data for PY2022-2023. ] 

	Utility
	Location

	
	Single Family
	Single Family Low Income
	Multi Family
	Multi Family Low Income
	Unknown

	Ameren
	14.0%
	13.7%
	37.2%
	56.3%
	19.5%

	ComEd
	14.0%
	21.5%
	43.0%
	48.4%
	32.9%

	PGL
	1.0%
	1.5%
	4.0%
	2.8%
	2.2%

	NSG
	1.3%
	0.8%
	32.5%
	1.2%
	3.3%

	Nicor
	1.6%
	3.8%
	13.5%
	21.6%
	4.7%

	All DUs[footnoteRef:54] [54:  For the weighted average calculations, please see the Analysis file. PGL, NSG, Nicor & gas customers were assumed to follow the provided split. ComEd total customers, minus overlap with PGL,NSG & Nicor, therefore electric only homes. Ameren is total customers minus Nicor.] 

	
	
	
	
	24.6%


Note: If a measure is supported by a gas and electric utility through a joint program, and it is unknown whether the participant has a gas supply, the electric utility values in the table above should be used. If it is known that the participant has a gas supply, the values from the gas utility above should be applied.

ηHeat		= Coefficient of Performance of electric heating system[footnoteRef:55] * DistEffbase [55:  Note that the HSPF2 of a heat pump is equal to the COP * 3.412.] 

DistEffbase	= Distribution Efficiency of base condition
= Actual where it is possible to measure or reasonably estimate. If unknown assume 0.85 for heat pump, 1.0 for resistance heating[footnoteRef:56]   [56:  Based on Building Performance Institute Inc., “Duct Efficiency Tables”.] 

= Actual. If not available use:[footnoteRef:57] [57:  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. Note all ratings have been converted to HSPF2 equivalents – since the new rating better reflects the actual efficiency of the units.] 

	System Type
	Age of Equipment
	HSPF2 Estimate
	ηHeat (Effective COP Estimate * Distribution Efficiency) = (HSPF2/3.412)*0.85

	Heat Pump
(if age unknown, assume 2006-2014)
	Before 2006
	5.8
	1.44

	
	After 2006 - 2014
	6.5
	1.62

	
	2015 on
	7.0
	1.74

	Resistance 
(Baseboard or Electric Furnace)
	N/A
	N/A
	1.00

	Unknown (for use in program evaluation only)[footnoteRef:58] [58:  Calculation assumes 35% Heat Pump and 65% Resistance, which is based upon data from Energy Information Administration, 2009 Residential Energy Consumption Survey, see “HC6.9 Space Heating in Midwest Region.xls”, using average for East North Central Region. Average efficiency of heat pump is assumed consistent with the baseline for 2006-2014. Program or evaluation data should be used to improve this assumption if available.] 

	N/A
	N/A
	1.32





For example, duct sealing in unconditioned space in a 36,000 Btu/H, 2.5 COP heat pump heated with estimated 85% distribution efficiency single family house in Springfield with the following duct evaluation results:
DEafter		= 0.92	
DEbefore		= 0.85
Energy Savings:
ΔkWhheating	= ((0.92 – 0.85)/0.92) * 1,708 * 36,000 * 1 * 1) / (2.5 * 0.85)) / 3,412 
				= 645 kWh

Summer Coincident Peak Demand Savings 
	ΔkW	= ΔkWhcooling/ FLHcool * CF
Where:
FLHcool		= Full load cooling hours:
= Dependent on location as below:[footnoteRef:59] [59:  Based on Full Load Hours from ENERGY Star with adjustments made in a Navigant Evaluation, other cities were scaled using those results and CDD. There is a county mapping table in Volume 1, Section 3.7 providing the appropriate city to use for each county of Illinois. During update cycle for version v.12, applied percent change of CDD65, NCEI Annual Normals from 30 yr data set (1981-2010) to more recent 15 yr data (2006-2020) to all FLHcool values.] 

	Climate Zone
(City based upon)
	FLHcool
Single Family
	FLHcool
Multifamily

	1 (Rockford)
	547
	499

	2 (Chicago)
	709
	629

	3 (Springfield)
	779
	707

	4 (Belleville)
	1,082
	982

	5 (Marion)
	956
	868

	Weighted Average[footnoteRef:60] [60:  Weighting for Ameren is based on electric accounts in each of the cooling zones. Weighting for ComEd and Statewide average is based on number of occupied residential housing units in each zone. ComEd is weighted average of Zones 1-2. Alternative program-weighted assumptions can be used if appropriate.] 

ComEd
Ameren
Statewide
	676
875
731
	603
791
655


Use Multifamily if: Building meets utility’s definition for multifamily and system serves single unit. For residential sized systems serving 2 or more units, assume single family hours. For central systems use Volume 2 Commercial and Industrial Measures.
CFSSP  	= Summer System Peak Coincidence Factor for Central A/C (during system peak hour)
	= 68%[footnoteRef:61] [61:  Based on metering of 24 homes with central AC during PY4 and PY5 in Ameren Illinois service territory.] 

CFPJM 	= PJM Summer Peak Coincidence Factor for Central A/C (average during peak period)
= 46.6%[footnoteRef:62] [62:  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.] 

Fossil Fuel Savings 
For homes with Fossil Fuel Heating:
Methodology 1: Modified Blower Door Subtraction 
Methodology 2: Pressurized Duct Test
ΔTherm 	= (((∆CFM25DL / (InputCapacityHeat * 0.0123)) * FLHheatFossil * InputCapacityHeat * TRFheat * %FossilHeat * (ηEquipment / ηSystem)) / 100,000 
Where:
∆CFM25DL	= Duct leakage reduction in CFM25
InputCapacityHeat	= Heating input capacity (Btu/hr) 
	=Actual
0.0123		= Conversion of Capacity to CFM (0.0123CFM / Btu/hr)[footnoteRef:63] [63:  Based on Natural Draft Furnaces requiring 100 CFM per 10,000 Btu, Induced Draft Furnaces requiring 130CFM per 10,000Btu and Condensing Furnaces requiring 150 CFM per 10,000 Btu (rule of thumb from ‘Practical Standards to Measure HVAC System Performance’). Data provided by GAMA during the federal rule-making process for furnace efficiency standards, suggested that in 2000, 24% of furnaces purchased in Illinois were condensing units. Therefore, a weighted average required airflow rate is calculated assuming a 50:50 split of natural v induced draft non-condensing furnaces, as 123 per 10,000Btu or 0.0123/Btu.] 

FLHheatFossil		= Full load heating hours for fossil heating
=Dependent on location as below:[footnoteRef:64] [64: ] 

	Climate Zone
(City based upon)
	EFLH[footnoteRef:65] [65:  Full load hours for Chicago, are based on findings in ‘Energy Efficiency / Demand Response Nicor Gas Plan Year 1 (6/1/2011-5/31/2012) Research Report: Furnace Metering Study (August 1, 2013), prepared by Navigant Consulting, Inc. Values for other cities are then calculated by comparing relative HDD at base 60F. ] 


	1 (Rockford)
	1022

	2 (Chicago)
	976

	3 (Springfield)
	836

	4 (Belleville)
	645

	5 (Marion)
	656

	Weighted Average[footnoteRef:66] [66:  Weighting for Ameren is based on gas accounts in each of the heating zones. Weighting for ComEd and Statewide average is based on number of occupied residential housing units in each zone. ComEd is weighted average of Zones 1-2. Alternative program-weighted assumptions can be used if appropriate.] 

ComEd
Ameren
Statewide
	
978
800
928



	Climate Zone
(City based upon)
	FLH_heat

	1 (Rockford)
	1924

	2 (Chicago)
	1726

	3 (Springfield)
	1708

	4 (Belleville)
	1195

	5 (Marion)
	1270

	Weighted Average[footnoteRef:67] [67: ] 

ComEd
Ameren
Statewide
	

1766
1543
1700



TRFheat 		= Thermal Regain Factor for heating by space type 
= 0.40 for Semi-Conditioned Spaces
                        		= 1.0 for Unconditioned Spaces[footnoteRef:68] [68:  Thermal regain for residential pipe insulation measures is discussed in Home Energy Services Impact Evaluation, prepared for the Massachusetts Residential Retrofit and Low Income Program Area Evaluation, Cadmus Group, Inc., August 2012.] 

%FossilHeat	= Percent of homes that have gas space heating
		= 100 % for Natural Gas
		= 0 % for Electric Resistance (Baseboard or Electric Furnace) or Heat Pump
		= If unknown[footnoteRef:69], use the following table: [69:  Ameren and Nicor values are based on GDS Associates Inc., “2023-2024 Illinois Baseline Study: Residential Baseline Study Results”, Oct 31 2024. ComEd values based on 2019 Baseline Survey and People’s Gas and Northshore Gas values are based on implementation contractors data for PY2022-2023. ] 

	Utility
	Location

	
	Single Family
	Single Family Low Income
	Multi Family
	Multi Family Low Income
	Unknown

	Ameren
	86.0%
	86.3%
	62.8%
	43.7%
	80.5%

	ComEd
	86.0%
	78.5%
	57.0%
	51.6%
	67.1%

	PGL
	99.0%
	98.5%
	96.0%
	97.2%
	97.8%

	NSG
	98.7%
	99.2%
	67.5%
	98.8%
	96.7%

	Nicor
	98.4%
	96.2%
	86.5%
	78.4%
	95.3%

	All DUs[footnoteRef:70] [70:  For the weighted average calculations, please see the Analysis file. PGL, NSG, Nicor & gas customers were assumed to follow the provided split. ComEd total customers, minus overlap with PGL,NSG & Nicor, therefore gas only homes. Ameren is total customers minus Nicor.] 

	
	
	
	
	75.4%


Note: If a measure is supported by a gas and electric utility, utilize the assumptions above for the gas utility

100,000	= Converts Btu to therms
ηEquipment	= Heating Equipment Efficiency 
= Actual.[footnoteRef:71] If not available, use 83%.[footnoteRef:72] [71:  The Equipment Efficiency can be obtained either by recording the AFUE of the unit, or performing a steady state efficiency test. 
If there are more than one heating systems, the weighted (by consumption) average efficiency should be used. 
If the heating system or distribution is being upgraded within a package of measures together with the insulation upgrade, the new average heating system efficiency should be used.]  [72:  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). 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) =  0.829] 

ηSystem	= Pre duct sealing Heating System Efficiency (Equipment Efficiency * Pre Distribution Efficiency)[footnoteRef:73] [73:  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: (see ‘DistributionEfficiencyTable-Blue Sheet’) or by performing duct blaster testing.] 

	= Actual. If not available, use 70%[footnoteRef:74] [74:  Estimated as follows: 0.829 * (1-0.15) =  0.70] 

For example, duct sealing in unconditioned space in a house in Springfield with an 80% AFUE, 105,000 Btu/H (input capacity) natural gas furnace and the following blower door test results:
Before: 	CFM50Whole House 	= 4800 CFM50 
CFM50Envelope Only = 4500CFM50
House to duct pressure of 45 Pascals = 1.29 SCF (Energy Conservatory look up table)
After: 	CFM50Whole House 	= 4600 CFM50 
CFM50Envelope Only = 4500CFM50
House to duct pressure of 43 Pascals = 1.39 SCF (Energy Conservatory look up table)
Duct Leakage: 
CFM50DL before 	= (4800 – 4500) * 1.29
			= 387 CFM
CFM50DL after 	= (4600 – 4500) * 1.39
			= 119 CFM
Duct Leakage reduction at CFM25: 
∆CFM25DL	= (387 – 139) * 0.64 * (0.5 + 0.25)
	= 119 CFM25	
Energy Savings:
Pre Distribution Efficiency		= 1 – (387/4800) = 92% 
ηSystem 			= 80% * 92% 	= 74%
ΔTherm 	= ((119/ (105,000 * 0.0123)) * 1,708836 * 105,000 * 1 *(0.8/0.74)) / 100,000 
			= 179 87.4 therms

Methodology 3: Evaluation of Distribution Efficiency
ΔTherm	= ((DEafter – DEbefore)/ DEafter)) * FLHheatFossil * InputCapacityHeat * TRFheat * %FossilHeat * (ηEquipment / ηSystem)) / 100,000
Where:
DEafter		= Distribution Efficiency after duct sealing, refer to table in electric savings section	
DEbefore		= Distribution Efficiency before duct sealing, refer to table in electric savings section		
Other factors as defined above.
For example, duct sealing in unconditioned space in a house in Springfield an 80% AFUE, 105,000 Btu/H (input capacity) natural gas furnace and the following duct evaluation results:
DEafter		= 0.92		
DEbefore		= 0.85
Energy Savings:
ηSystem 	= 80% * 85% 	= 68%
ΔTherm 		= (((0.92 – 0.85)/0.92) * 1,708836 * 105,000 * 1 * 1 * (0.8/0.68)) / 100,067
			= 160 78.5 therm

[bookmark: _Hlk521384066]Mid-Life Adjustment
In order to account for the likely replacement of existing heating and cooling equipment during the lifetime of this measure, a mid-life adjustment should be applied. 
For electric HVAC, to calculate the adjustment, re-calculate the savings using the algorithms in the ‘Electric Energy Savings’ section using the following new baseline system efficiency assumptions:
	Efficiency Assumption
	System Type
	New Baseline Efficiency

	ηCool      
	Central AC
	13.4 SEER2

	
	Heat Pump
	14.3 SEER2

	ηHeat
	Heat Pump
(7.5/3.412)
	2.20 COP



For gas fueled systems, because the algorithm uses input capacity (which already accounts for the equipment efficiency), the change in equipment efficiency needs to be accounted for. Therefore, re-calculate the savings using the following algorithm:
Methodology 1: Modified Blower Door Subtraction 
Methodology 2: Pressurized Duct Test
ΔTherms       = ((∆CFM25DL / (InputCapacityHeat * 0.0123)) * FLHheatFossil * InputCapacityHeat * TRFheat * %FossilHeat * (ηEquipment / (ηEquipmentNew * DEafter)) / 100,000 
Where:
	ηEquipmentNew		= 80% AFUE
	DEafter			= Distribution efficiency after duct sealing
				= 1 – (CFM50DL After / CFM50Whole House After)
Methodology 3: Evaluation of Distribution Efficiency
∆Therms 	= ((DEafter – DEbefore)/ DEafter)) * FLHheatFossil * InputCapacityHeat * TRFheat * %FossilHeat * (ηEquipment / (ηEquipmentNew * DEafter)) / 100,000
Where:
	ηEquipmentNew		= 80% AFUE 
	DEafter			= Distribution efficiency after duct sealing
= As evaluated using the Building Performance Institutes ‘Distribution Efficiency Look-Up Table’
The re-calculated reduced annual savings should be applied following the assumed remaining useful life of the existing equipment, estimated to be 10 years.[footnoteRef:75] Note: if the existing equipment efficiency is greater than the new baseline efficiency listed above, do not apply a mid-life adjustment. [75:  This is intentionally longer than the assumption found in the early replacement measures as the application of this measure will occur in a variety of homes and will not be targeting those homes appropriate for early replacement HVAC systems.] 

Water Impact Descriptions and Calculation  
N/A
Deemed O&M Cost Adjustment Calculation 
N/A
Measure Code: RS-HVC-DINS-V145-260101
Review Deadline: 1/1/2028


[bookmark: _Toc209005308]6.2.1	Voltage Optimization
Description
Voltage optimization (VO)[footnoteRef:76] is a smart grid technology that flattens voltage profiles and lowers average voltage levels on an electric power distribution grid. Lowering voltage reduces the instantaneous power consumed by customers on VO-enabled feeders,[footnoteRef:77] which in turn results in energy and demand savings. Voltage optimization is achieved through the operation of distributed sensors, two-way communications infrastructure, remote controls on substation transformer load-tap changers, voltage regulators and line capacitor banks, and integrating/optimizing software. [76:  Voltage optimization is also referred to a volt-var optimization (VVO) or conservation voltage reduction (CVR).]  [77:  For the purposes of this measure, the term feeder is synonymous with circuit.] 

Unlike energy efficiency programs that achieve savings by providing financial incentives to encourage customers to adopt energy-efficient equipment or behavioral suggestions to encourage them to adopt no-cost energy-saving behaviors, VO involves no direct customer engagement. Instead, savings are achieved by operating the voltage and reactive power controls on VO-enabled feeders in a manner designed to maintain the voltages delivered to affected customers in the lower part of the allowable voltage range.[footnoteRef:78] [78:  The bulk of the energy savings that occurs is thus expected to occur on the customer side of the meter, although additional savings is expected from reduced current flows along the full length of the affected feeders.] 

In general, reducing the voltage on a feeder reduces power consumed by the connected loads, assuming all other factors of the feeder remain constant. This is a realistic assumption for many types of consumer devices. However, there are several scenarios in which decreasing voltage does not directly result in energy and demand savings. For example, some devices (e.g., electronics) have self-contained control systems that maintain constant power consumption despite the delivered voltage. Other devices increase their power draw when presented with reduced voltage due to nonlinear inefficiencies. Still other devices (e.g., resistive heating) might decrease instantaneous power draw but operate for longer periods; thus their total energy consumption remains approximately constant (similar to the time-shifting effects of demand response programs). This means VO is more effective in reducing load for some device types than others. This may lead it to be more or less effective for specific feeders depending on the exact mix of device types the feeder has.
This measure was developed to be applicable to the following program types: Voltage Optimization. This measure is unique and does not apply to other program types.
Definition of Efficient Equipment
To qualify for this measure, feeders must be enabled with VO technology and have VO fully commissioned and operational.[footnoteRef:79] [79:  Note that any VO On/Off testing for the purposes of evaluation or updating the TRM will not be counted against the utility in claiming savings. VO On/Off testing is an experimental design that involves enabling and disabling the VO system under a predefined schedule for the purposes of testing its functionality. By following a predefined schedule, the VO On/Off design enables modeling of the impact of VO while controlling for factors that may vary over time, such as weather or weekday vs. weekend loads.] 

Definition of Baseline Equipment
The baseline assumption is a feeder without any VO technology.
Deemed Lifetime of Efficient Equipment
VO Energy Savings can be renewed every 15 years and have a maximum measure life of 50 years[footnoteRef:80] [footnoteRef:81]. The renewal would claim the same savings as the original measure for an additional 15 years (up to a maximum of 50 years) after verifying that VO is still operational on the feeder in a manner consistent with the operation that led to the original TRM savings estimate.  This does not preclude future consideration of (and TRM development for) a potential new measure that provides greater savings than the VO measure characterized here. [80:  For ComEd, the first renewal can start in CY2033 with the renewal of CY2018 feeders.  For Ameren, the first renewal can start in CY2034 with the renewal of CY2019 feeders]  [81:  Climate and Equitable Jobs Act (CEJA), Public Act 102-0662, “(b-20) Each electric utility subject to this Section may include cost-effective voltage optimization measures in its plans submitted under subsections (f) and (g) of this Section, and the costs incurred by a utility to implement the measures under a Commission-approved plan shall be recovered under the provisions of Article IX or Section 16-108.5 of this Act. For purposes of this Section, the measure life of voltage optimization measures shall be 15 years. The measure life period is independent of the depreciation rate of the voltage optimization assets deployed. Utilities may claim savings from voltage optimization on circuits for more than 15 years if they can demonstrate that they have made additional investments necessary to enable voltage optimization savings to continue beyond 15 years. Such demonstrations must be subject to the review of independent evaluation.”] 

Within the EE Plan submittal ComEd and Ameren shall prepare a planned activation summary of all feeders whose energy savings are set to expire within the timeframe the EE Plan is active. This planned activation summary will indicate the planned activation status of VO feeders in an ‘enabled’ or ‘disabled’ format along with the total energy savings in MWh of each activation status. This check-in will be performed at the same cadence the EE plan is submitted. Once confirmed, the energy savings shall be credited for 15 years until the next renewal period and for a maximum of 50 years. However, if the utility ever ceases to operate VO in such a manner on any circuits, it will report such changes to evaluators and stop claiming persisting savings on such circuits in the year following the year in which operations ceased (even if less than the TRM measure life).
Deemed Measure Cost 
The costs vary by feeder. Actual costs should be used.
Loadshape
Loadshape C67 –  Voltage Optimization – Ameren
Loadshape C68 –  Voltage Optimization –  ComEd
Coincidence Factor
N/A
Algorithm 
Calculation of Energy Savings 
Electric Energy Savings
Annualized savings should be calculated separately for each VO-enabled feeder. The savings reductions during VO On/Off testing shall not be a basis to reduce the estimated savings.[footnoteRef:82] The off periods from testing shall be treated as if they were on during the evaluation period.  [82:  VO On/Off testing is an experimental design that involves enabling and disabling the VO system under a predefined schedule for the purposes of testing its functionality. By following a predefined schedule, the VO On/Off design enables modeling of the impact of VO while controlling for factors that may vary over time, such as weather or weekday vs. weekend loads.] 

ΔkWh = kWhBASE * ΔV * CVRf
Where:
kWhBASE		= Baseline kWh consumption on the feeder per year[footnoteRef:83] [83:  If the energy consumption baseline is measured at the feeder head, an adjustment will be made to recognize line losses and loss savings.] 

For Ameren territory, use the average annual customer energy use for each feeder over the 2014-20162019-2021 timeframe, less energy use by exempt customers.
For ComEd territory, use annual energy consumption using the actual energy measurement during the time when VO was off (as appropriate; this may include the actual measurements prior to VO activation during the given program year and from prior program years and VO OFF periods from subsequent program years) and a calculated VO OFF value for the time when VO was on. The VO OFF baseline energy for the periods when VO is on shall be calculated using:

Where:
 
 	= the calculated VO OFF energy consumption when VO is on (activated)
 	= the actual measured energy consumption during the period when VO is on
 	= the voltage reduction
 	= the CVR factor
0. Where power (MW) data has not been established yet, best available data from the feeder line measurement devices should be considered.
0. [bookmark: _Hlk40076537][bookmark: _Hlk40262258]Data are clustered into bins according to temperature range,[footnoteRef:84] season,[footnoteRef:85] day type (weekday/weekend),[footnoteRef:86] and hour of the day based on the VO OFF and ON statuses to create a lookup table. If multiple data points are found (i.e., same temperature range, same season, same day type, same hour of the day, and same VO status), the average of  multiple references are placed into the lookup table. Various combinations of these variables may be used in an order of decreasing priority when no data points are found that match all of them. [84:  Temperature bins are to the ceiling of the nearest 5°F interval.]  [85:  Seasons are defined as follows; Spring: March through May; Summer: June through August; Fall: September through November; and Winter: December through February.]  [86:  Weekdays are Monday to Friday and weekends are Saturday and Sunday.] 

0. The independent evaluator shall use best practices, including an appropriate technique that is transparent, replicable, and most accurate, to address any data quality issues, with input from interested stakeholders, including ComEd.
0. The following approach will be used for claiming kWh savings from no-load and future feeders. ComEd installs new feeders every year to accommodate area load growth. Some of them are sourced from previously claimed VO-activated substations or exist with no-load on transformers where VO is being activated in a given year. Examples of when a new feeder will be installed include, as part of a new business project to accommodate a new or existing customer’s load addition, or to relieve area loading congestion and contingency planning for the purpose of increasing capacity. ComEd projects load on some of these feeders over a future period, however, there are uncertainties regarding when the projected target loads will materialize. 
ComEd cannot claim VO savings for a newly commissioned feeder while there is no load but can claim when a pre-defined threshold of the feeder’s projected load is reached. A threshold of 70% of projected load for 6 months is adopted for ComEd.[footnoteRef:87]  To be eligible for savings, the feeder must add load to the substation transformer rather than simply splitting existing load among the feeders sourced from same transformer.  [87:  This threshold was determined based on the discussion between ComEd’s Capacity planning and Voltage Optimization group. To determine the value, ComEd considered several factors including the timeline of commissioning any future feeder, load ramping up for large customers, and the comments received from ICC and Guidehouse to claim the feeders as soon as ComEd expects to have full load. ComEd considers a feeder to have reached its full load when 70% of the projected load (at the minimum) has been materialized.] 


ComEd will maintain a list of existing feeders with no-load along with their projected load, to be updated as needed, and will share it with their evaluator so they can make comparisons to the threshold when the feeder is claimed. Changes can be made to the projected load, as needed, with justification. When such feeders reach the threshold of 70% of their projected load for 6 months, ComEd will notify their evaluator and provide relevant feeder and associated substation transformer data to evaluators for the purpose of verifying savings to claim in the annual impact evaluation report. 


ΔV		= Percentage voltage reduction on the feeder caused by VO
For Ameren territory, voltage reduction shall be calculated using a pre-post regression model (i.e., comparing pre-VO and post-VO installation). The model specification will be selected based on model fit and may vary year to year. The model will be run in accordance with the terms provided in subsections (i) through (iv) below:
1. The model utilizes pre-period (VO OFF) data from the feeders in question from the prior calendar year.
1. Voltage (V) data is sourced from customer AMI meters. The feeder average voltage is calculated as the average of at least 70% of the AMI meters on the feeder, whenever possible.[footnoteRef:88] AMI voltage readings are normalized by their nominal voltage before averaging voltage across the AMI meters on a given feeder. [88:  In cases when less than 70% of the AMI meters are programmed to record voltage data, all available meters will be used, with the goal of utilizing as close to 70% of the meters as possible.] 

1. Ameren and stakeholders have agreed on a list of excludable events, during which Ameren may claim VO savings if the system is down for reasons deemed appropriate. Please see Table 1 below for further explanation and list of excludable and non-excludable events.
1. The independent evaluator shall use best practices, including an appropriate technique that is transparent, replicable, and most accurate, to address any data quality issues, with the input from interested stakeholders, including Ameren.

For ComEd territory, voltage reduction shall be calculated from voltage measurements taken from the feeder’s head end primary voltage source using the following equation and in accordance with the terms provided in subsections (i) through (iv) below:

1. When VO is off, the voltage if VO was on needs to be estimated and vice versa. Actual measurements shall be used for the off voltage when VO is off and the on voltage when VO is on.
1. Data are clustered into bins in accordance to temperature range,[footnoteRef:89] season,[footnoteRef:90] day type (weekday/weekend),[footnoteRef:91] and hour of the day based on the VO OFF and ON statuses to create a lookup table. If multiple data points are found (i.e., same temperature range, same season, same day type, same hour of the day, and same VO status), the average of  multiple references are placed into the lookup table. Various combinations of these variables may be used in an order of decreasing priority when no data points are found that match all of them. [89:  Temperature bins are to the ceiling of the nearest 5°F interval.]  [90:  Seasons are defined as follows; Spring: March through May; Summer: June through August; Fall: September through November; and Winter: December through February.]  [91:  Weekdays are Monday to Friday and weekends are Saturday and Sunday.] 

1. The independent evaluator shall use best practices, including an appropriate technique that is transparent, replicable, and most accurate, to address any data quality issues, with the input from interested stakeholders, including ComEd.
1. The counterfactual VO ON and VO OFF profiles shall be created for each feeder for the entire program year using the lookup table for temperature range,[footnoteRef:92] season,[footnoteRef:93] day type (weekday/weekend),[footnoteRef:94] and hour of the day. [92:  Temperature bins are to the ceiling of the nearest 5°F interval.]  [93:  Seasons are defined as follows; Spring: March through May; Summer: June through August; Fall: September through November; and Winter: December through February.]  [94:  Weekdays are Monday to Friday and weekends are Saturday and Sunday.] 

1. [bookmark: _Hlk40010981]If VO is ON in a continuous basis throughout the year, previous year’s voltage data along with temperature, day type, and time of the day can be correlated in accordance to present year’s temperature data, day type, and time of the day to create the VO OFF profile.  This correlation shall use the data created from the most representative feeder or feeders that have undergone testing. 
1. For the no-load and future feeders, ComEd’s evaluator will use the evaluated historical transformer voltage reduction for each feeder going back to the year when the station or transformer was originally VO-enabled.[footnoteRef:95] [95:  This is recommended by ComEd to ensure consistency that all the feeders under the same transformer receive same average voltage reduction using both timeseries VO ON and OFF data from the testing period.] 


CVRf	= conservation voltage reduction factor relating the change in voltage to a change in energy
	= 0.80  (for both Ameren and ComEd territories)[footnoteRef:96] [96:  Guidehouse. 2020. Supporting Documentation for Voltage Optimization TRM Measure. <Add hyperlink when available>] 

Summer Coincident Peak Demand Savings
Peak demand savings should be calculated separately for each VO-enabled feeder. The savings reductions during  VO On/Off testing shall not be a basis to reduce the estimated savings. The off periods from testing shall be treated as if they were on during the evaluation period. 
ΔkW = kWBASE * ΔVPEAK * CVRf,PEAK
Where:
kWBASE	= Baseline kW usage on the feeder during the peak period, defined as 1:00-5:00 pm CDT on non-holiday weekdays from June 1 to August 31. 
For Ameren territory, this will be calculated as the average demand in the peak hour for each feeder over the 2014-20162019-2021 timeframe, adjusted by a calibration factor that describes the relationship between demand in the peak hour and average demand over the peak period (defined as 1:00-5:00 pm CDT on non-holiday weekdays from June 1 to August 31).  This calibration factor will be calculated based on a sample of feeders for which 2014-20162019-2021 data is available.
For ComEd territory, this will be calculated in the same manner as kWhBASE for energy savings but with the intent of estimating the baseline just for the peak period as opposed to for the entire year.
ΔVPeak	= Percentage voltage reduction on the feeder caused by VO during the peak period, defined as 1:00 – 5:00 pm CDT on non-holiday weekdays from June 1 to August 31.
For Ameren territory, this will be calculated in the same manner as ΔV for energy savings but with the intent of estimating ΔV just for the peak period as opposed to for the entire year. 
For ComEd territory, this will be calculated in the same manner as ΔV for energy savings but with the intent of estimating ΔV just for the peak period as opposed to for the entire year.
CVRf,PEAK	= conservation voltage reduction factor relating the change in voltage to a change in energy specifically for the peak period, defined as 1:00 – 5:00 pm CDT on non-holiday weekdays from June 1 to August 31
			For Ameren territory, 0.68.[footnoteRef:97] [97:  Ibid.] 

			For ComEd territory, 1.02.[footnoteRef:98] [98:  Ibid.] 

Excludable and Not-Excludable Events In Calculating Electric Savings
Both Ameren and ComEd have established a set of excludable (where VO is off, but savings can be claimed as if VO is on) and not-excludable (where VO is off, and savings cannot be claimed) events. These events can be accounted for either by: 1) determining the percentage of time non-excludable events occur and de-rating the savings by this percentage (ComEd’s approach), or 2) removing the excludable events from the dataset used to calculate savings (Ameren’s approach).
Below are tables of events each utility has established as excludable and non-excludable. Changes or additions can be made to these tables with the consensus of the utilities, the independent evaluator, and ICC staff (none of whose
consensus shall not be unreasonably withheld).
[bookmark: _Ref40258120]Table 1. Ameren Excludable and Non-Excludable VO Events
	Event
	Description
	Reason/Explanation
	Category

	Feeder Outage
	Anytime the majority of a feeder is out due to any reason.
	Feeder outages are typically not predictable or planned and are outside of Ameren’s control. They are an anomaly and are not certain to occur on the same feeder in subsequent years.
	Excludable

	Repair / Maintenance
	Repair or maintenance work is performed on a VO feeder causing VO to be disabled.
	Repair and maintenance of Ameren’s system is an operational necessity to provide customers with safe and reliable electric service. These events are not certain to occur on the same feeder in subsequent years.
	Excludable

	Switching
	Dispatch disables VO on the feeder for any necessary switching event.
	Ameren will perform switching for storms, outages, repair, maintenance, safety, and work to support new customer growth. These events are not certain to occur on the same feeder in subsequent years.
	Excludable

	Technology
	A failure of the Information and/or Communication Technology which results in "all" VO feeders being disabled simultaneously due to events outside of Ameren’s control.
	VO is dependent upon third party infrastructure that Ameren has no control over. Examples include the loss of the cellular communications network (AT&T and Verizon), the failure of the VO Software provided by the outside vendor, or a Cyber event. Events of this nature are an anomaly and are not certain to occur year after year. This event is not predictable or planned and is outside of Ameren’s control. 
	Excludable

	Worldwide Pandemic / Orders by Civil Authorities
	Repairs and maintenance may take longer due to limited crew availability or other restrictions/priorities. Example: COVID-19
	Due to restrictions, repairs and maintenance may take longer. This reasonable delay is outside the control of Ameren.
	Excludable

	Disaster Recovery (DR) Testing
	Ameren periodically performs Disaster Recovery testing on systems (AMI, ADMS, VO, etc.) which could result in VO disabling. Typically all VO feeders would be affected during DR testing.
	Disaster Recovery is necessary and critical to ensure that Ameren can operate safely and effectively during an unforeseen event.
	Not-Excludable

	Server patching/issues
	Anytime servers go down or patching takes place and the VO system does not come back online due to servers not rebooting correctly.
	Events of this nature are unavoidable, but should be addressed by Ameren in a timely fashion. This should result in negligible impacts to energy savings.
	Not-Excludable

	Configuration Changes
	Anytime VO is disabled for making updates to the Orion, go-live testing, or to make changes on the system resulting in shutting down services.
	Events of this nature are unavoidable,  but  should be addressed by Ameren in a timely fashion. This should result in negligible impacts to energy savings.
	Not-Excludable

	VO field hardware failures
	The loss or failure of a voltage regulator control, LTC control, or switched capacitor control on a feeder.
	Events of this nature are unavoidable,  but  should be addressed by Ameren in a timely fashion. This should result in negligible impacts to energy savings.
	Not-Excludable

	Loss of communications
	Anytime a device has a communications failure that would result in VO disabling. This event does not include 3rd party cellular communications network (AT&T and Verizon) failures.
	Events of this nature are unavoidable,  but  should be addressed by Ameren in a  timely fashion. This should result in negligible impacts to energy savings.
	Not-Excludable



Table 2. ComEd Excludable and Non-Excludable VO Events
	Event
	Description
	Reason/Explanation
	Category

	System Operational Requirements
	OCC takes control and disables VO due to station/feeder out of configuration, major alarm, repair/maintenance or switching events.
	Feeder outages are typically not predictable or planned and are outside of ComEd control. ComEd will take necessary steps to ensure the reliability and safety of the system during storms and outages, maintenance, and work to support new customer growth. These events are not certain to occur on the same feeder in subsequent years.
	Excludable

	Loss of communication
	Any unplanned interruption to the communication network.
	Natural causes or unplanned repair due to equipment failure occasionally disrupting communication network.
	Excludable

	VO Control System
	System component failure requires vendor upgrade or revision.
	The failure of the VO Software provided by the outside vendor (OSI), or a Cyber event. Events of this nature are an anomaly and are not certain to occur year after year. This event is not predictable or planned and is outside of ComEd’s control.
	Excludable

	VO On/Off Cycling Schedule
	Supervision over the transitional states from on to off, and vice versa.
	When adding or commissioning substations or feeders to the VO Control system.
	Excludable

	Customer Maintenance
	VO is disabled to investigate power quality issues.
	Possible VO deactivation may be required to facilitate certain investigation requirements.
	Not-Excludable

	Worldwide Pandemic / Orders by Civil Authorities
	Repairs and maintenance may take longer due to limited crew availability or other restrictions and priorities. Example: COVID-19
	Due to restrictions, repairs and maintenance may take longer. This reasonable delay is outside the control of ComEd.
	Excludable

	VO Control System
	Anytime VO system fails to operate due to model error in VO software, or inappropriate manual settings (human error).
	Events of this nature should be addressed by ComEd in a timely manner, resulting in negligible impacts to energy savings.
	Not-Excludable

	Loss of communication
	Any planned system upgrade that interrupts communication.
	Planned system patching or upgrades interfere with the communication network and disable VO. This should be addressed by ComEd in a timely manner, resulting in negligible impacts to energy savings.
	Not-Excludable

	Equipment
	Equipment failure that results in VO feeders being disabled (MJ5/DCIAB).
	The equipment failure should be addressed by ComEd in a timely manner. This should result in negligible impacts to energy savings.
	Not-Excludable

	Server patching/
issues
	Anytime servers would go down or if patching took place and VO system did not come back online due to servers not rebooting correctly.
	Events of this nature are unavoidable but should be addressed by ComEd in a timely manner. This should result in negligible impacts to energy savings.
	Not-Excludable



Fossil Fuel Savings
N/A
Water and Other Non-Energy Impact Descriptions and Calculation  
VO may provide non-monetized energy benefits in the form of improved ability to manage the grid “downstream” of the substation. This could result in improved reliability, lower spending on other grid improvements, or both. Further research is needed to understand the scope and impact of these potential benefits. There are no water savings or non-energy impacts from VO.
Deemed O&M Cost Adjustment Calculation
There are annual O&M costs incurred by the utility as a result of implementation of VO. Cost-effectiveness analysis should include estimates of annual O&M costs over the initial 15-year period and then for each incremental renewal period up to 50 years of the VO investment, discounted to present value for the year in which the VO investment is being analyzed. O&M cost estimates should include (a) labor and equipment costs to maintain the system and (b) third-party software costs.
Measure Code: CC-SYS-VOPT-V03V04-2360101
Review Deadline: 1/1/2028
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