6.1.3	Electric Vehicles
Description
The new measure to be added is an incentiveis for the purchase of electric passenger vehicles. As such, the measure proposed here reflects the electric passenger vehicle measure as a traditional energy efficiency investment by converting the displaced fossil fuel energy to the equivalent of electric energy using the heat rate of electric generation. This conversion causes energy savings to be accounted for as kilowatt hour equivalence (kWhe). 	Comment by Sam Dent: This document contains two draft measures proposed by Ameren IL for inclusion in v9.0 of the TRM. Stakeholders have already identified differences in the interpretation of statute that would determine the eligibility of this measure for inclusion in the IL TRM, and as such, it is expected that this will result in a formal non-consensus issue. Stakeholders are encouraged to follow the usual TRM process and provide any technical comments and questions within the measure draft. Additional comments/positions concerning the issue of statutory eligibility can also be included here, or can be sent separately when input is solicited as the non-consensus exhibit is developed. 
This measure was developed to be applicable to the following program types: TOS. If applied to other program types, the measure savings should be verified.
Definition of Efficient Equipment
A newly purchased battery-powered passenger vehicle or ‘Battery Electric Vehicle’ (BEV) that is operated powered solely by electricity that can be recharged from an external source. 
Definition of Baseline Equipment
A newly purchased internal combustion engine vehicle that relies on fossil fuel for operation.
Deemed Lifetime of Efficient Equipment
The expected measure life is assumed to be 13 years.[footnoteRef:1] [1:  Average age of household vehicles in operation for 2017 from Table 1-26. National Transportation Statistics. Bureau of Transportation Statistics, US Department of Transportation.] 

Deemed Measure Cost 
The incremental capital cost for this measure is assumed to be $3,083 based on the average manufacturer suggested retail price of a newly purchased electric vehicle compared to a newly purchased baseline internal combustion vehicle.[footnoteRef:2] 	Comment by Sam Dent: Can Applied Energy Group please provide their working for this. The data VEIC pulled from the same reference indicated an incremental cost of $10k + for all sized vehicles. [2:  Incremental measure cost based on average new vehicle MSRPs from Annual Energy Outlook 2019. U.S. Energy Information Administration.] 

Loadshape	Comment by Sam Dent: A loadshape will need to be developed for this. We should discuss what this should reflect – should it be based on the load profile of EV chargers?  
 
Coincidence Factor
Coincidence factor is embedded in deemed demand reduction savings estimate so the coincidence factor is assumed to be 1. 
Algorithm 
Calculation of Energy Savings 
Electric Energy Savings
ΔkWh 	= [(VMT / MPG_ice * 120,429) / HeatRate)] - (VMT * EV_ee / 100)	Comment by Sam Dent: This algorithm appears to still be comparing equivalent electricity consumption at source (on the left) with EV electricity consumption at the meter (on the right).

Perhaps the solution is to not include the “Line loss” factors in the Heat rate assumption? This is something we will need to discuss and resolve.

Where:
	VMT		= Annual vehicle miles traveled of the vehicle measure. 
= 11,500[footnoteRef:3]	Comment by Sam Dent: This reference appears to be a national average? We propose using data reported from the National Household Transportation Survey, which has a statewide avg VMT of 10,690 annual miles for Illinois. 

For a future iteration we could consider a separate assumption for higher mileage vehicle characterization (e.g. Uber/Lyft, commercial fleets)
 [3:  Average annual vehicle miles traveled estimated based on Illinois statewide transportation statistics found in Table VM-1. Annual Vehicle Distance Traveled in Miles and Related Data, 2017. US Department of Transportation. Revised March 2019.] 

	MPG_ice		= Baseline fuel economy for the internal combustion engine vehicle expressed in miles per gallon. 
				= 28 MPG.[footnoteRef:4] [4:  Estimated using the 2019 US Fuel Economy Guide fleetwide average for gasoline cars. Baseline MPG includes an efficiency adder of 4.2 MPG since gasoline vehicles replaced by EVs are more efficient than the fleet-wide average, according to NBER Working Paper No. 25771. “What Does an Electric Vehicle Replace?” by Jianwei Xing, Benjamin Leard, Shanjun Li. Issued in April 2019.] 

	120,429		= Conversion factor for BTU per Gallon of Gasoline.	Comment by Sam Dent: This value is 120,286 according to US EIA. What is the reference for this value? https://www.eia.gov/energyexplained/units-and-calculators/british-thermal-units.php
	HeatRate	= Heat rate for electric power generation, based on the Ameren Illinois reported generation mix, adjusted to account for T&D losses.[footnoteRef:5]	Comment by Sam Dent: Propose replacing with language provided consistent with other measures in the TRM.

Note – eGrid 2018 is now available so we will work on updating the values provided in the footnote for the next deliverable. [5:  Resource mix based on Ameren Illinois Environmental Disclosure Statement for the 12 months ending September 30, 2018.] 

			= 7,939 BTU/kWh in 2019[footnoteRef:6] [6:  Heat rate for electricity generation is based on U.S. Energy Information Administration Monthly Energy Review Table A6 Approximate Heat Rates for Electricity, and Heat Content of Electricity.] 

Hgrid 		= Heat rate of the grid in Btu/kWh, based on the average fossil heat rate for the EPA eGRID subregion, adjusted to  take into account T&D losses. 
For systems operating less than 6,500 hrs per year: 
Use the Non-baseload heat rate provided by EPA eGRID for RFC West region for ComEd territory (including independent providers connected to RFC West), and SERC Midwest region for Ameren territory (including independent providers connected to SERC Midwest)[footnoteRef:7]. Also include any line losses.  [7:  These values are subject to regular updates so should be reviewed regularly to ensure the current assumptions are correct. Refer to the latest EPA eGRID data. Current values, based on eGrid 2016 are:
Non-Baseload RFC West: 10,539 Btu/kWh * (1 + Line Losses)
Non-Baseload SERC Midwest: 9,968 Btu/kWh * (1 + Line Losses)
All Fossil Average RFC West: 9,962 Btu/kWh * (1 + Line Losses)
All Fossil Average SERC Midwest: 9,996 Btu/kWh * (1 + Line Losses)] 

For systems operating more than 6,500 hrs per year: 
Use the All Fossil Average heat rate provided by EPA eGRID for RFC West region for ComEd territory (including independent providers connected to RFC West), and SERC Midwest region for Ameren territory (including independent providers connected to SERC Midwest). Also include any line losses. 

	EV_ee		= Actual nameplate operation efficiency for electric vehicle expressed in kWh per 100 miles. 
			= Actual. If unknown assume 30 kWh per 100 miles[footnoteRef:8] [8:  Average electric vehicle efficiency based on light-duty vehicle miles per gallon from Annual Energy Outlook 2019. U.S. Energy Information Administration. ] 

Summer Coincident Peak Demand Savings
ΔkW 	= - kW_vehicle * CF 
Where:
kW_vehicle 	= Summer peak electric demand of the electric vehicle. 
= 0.28 kW[footnoteRef:9]	Comment by Sam Dent: Although this value is related to CO utility peak, it seems reasonable based on the attached study for Illinois. May be something that is worth reviewing going forward as since 2015 there has been significant growth in 6-7kW BEV chargers. [9:  Summer peak demand impacts are a deemed value based on EV Charging Station Pilot Evaluation Report. Xcel CO. May 2015. Page 5.] 

CF		= Summer peak coincidence factor
= 1[footnoteRef:10] [10:  kW_Vehicle accounts for the estimated average kW draw during the system peak.] 

Natural Gas Savings
N/A
Water and Other Non-Energy Impact Descriptions and Calculation  
N/A
Deemed O&M Cost Adjustment Calculation
Avoided Annual O&M cost = VMT * (O&M_ice - O&M_ee) / 100
Where:
O&M_ice	= Baseline O&M cost for the internal combustion engine vehicle expressed in cents per 			mile. 
	= 5.38[footnoteRef:11] [11:  According to the American Automobile Association (AAA) publication, "Your Driving Costs," 2010 Edition average vehicle maintenance costs are 5.38 cents per mile.] 

O&M_ee	= Efficient O&M cost for the electric vehicle expressed in cents per mile.
	= 4.10[footnoteRef:12] [12:  Maintenance for EVs is reduced by 28% based on DeLuchi, Mark and Lipman, Timothy, An Analysis of the Retail and Life Cycle Cost of Battery-Powered Electric Vehicles; UC-Davis Institute of Transportation Studies. http://escholarship.org/uc/item/50q9060k] 

100	= Conversion factor for cents per dollar
Cost-Effectiveness Screening
For the purposes of screening an EV measure application for cost-effectiveness, the displaced fossil fuel consumption from the internal combustion engine vehicle and the electricity consumption of the EV should be accounted for separately. In general, the benefit and cost components used in evaluating the cost-effectiveness of an EV measure would include at least the following terms:
Benefits: ICE_gal + O&M_costs
Costs: kWh_ev + ΔkW + EV_cost
Where:
ICE_gal	= Displaced fossil fuel consumption of internal combustion engine.
= VMT / MPG_ice
O&M_costs 	= Avoided operations and maintenance costs as defined in the “Deemed O&M Cost Adjustment Calculation” section.	
kWh_ev	= Electricity consumption of the electric vehicle.
= VMT * EV_ee / 100
EV_cost 	= Incremental cost of the electric vehicle as defined in the “Deemed Measure Cost” section.
Measure Code:  CC-TRS-BEVS-V01-210101
Review Deadline: 1/1/2022

6.1.4	Electric Vehicles with Charger

Description
The new measure to be added is an incentiveis for the purchase of electric passenger vehicles bundled with the purchase of an efficient level 2 electric vehicle charger. As such, the measure proposed here reflects the electric passenger vehicle measure as a traditional energy efficiency investment by converting the displaced fossil fuel energy to the equivalent of electric energy using the heat rate of electric generation. This conversion causes energy savings to be accounted for as kilowatt hour equivalence (kWhe). Energy savings associated with the charger are also included. The EV charger component is designed to be consistent with the ENERGY STAR specification for Electric Vehicle Supply Equipment (EVSE) installed for residential household use. Networked chargers enable access to online energy management tools through an EVSE network. Non-networked chargers are standalone units that are not connected to other units through an EVSE network. 	Comment by Sam Dent: Many of comments provided for measure 6.1.3 above apply to this measure as well, including consideration of the eligibility of this measure as it relates to IL statute. 
This measure was developed to be applicable to the following program types: TOS. If applied to other program types, the measure savings should be verified.
Definition of Efficient Equipment
A newly purchased battery-powered passenger vehicle or ‘Battery Electric Vehicle’ (BEV)  that is operated powered solely by electricity paired with an efficient level 2 electric vehicle charger. 
Definition of Baseline Equipment
A newly purchased internal combustion engine vehicle that relies on fossil fuel for operation with no EVSE installed.
Deemed Lifetime of Efficient Equipment
The expected measure life for the vehicle is assumed to be 13 years.[footnoteRef:13] [13:  Average age of household vehicles in operation for 2017 from Table 1-26. National Transportation Statistics. Bureau of Transportation Statistics, US Department of Transportation.] 

The expected measure life for the EV charger is assumed to be 10 years.[footnoteRef:14] [14:  Based on Northwest Power and Conservation Council, Regional Technical Forum workbook for Level 2 Electric Vehicle Charger version 1.1. approved May 2019. https://rtf.nwcouncil.org/measure/level-2-electric-vehicle-charger] 

Deemed Measure Cost 
The incremental capital cost for the EV is assumed to be $3,083 based on the average manufacturer suggested retail price of a newly purchased electric vehicle compared to a newly purchased baseline internal combustion vehicle.[footnoteRef:15]  [15:  Incremental measure cost based on average new vehicle MSRPs from Annual Energy Outlook 2019. U.S. Energy Information Administration.] 

The full installed cost for the EV charger is assumed to be $1,892 for a non-networked charger and $1,981 for a networked charger.[footnoteRef:16]  [16:  Based on Northwest Power and Conservation Council, Regional Technical Forum workbook for Level 2 Electric Vehicle Charger version 1.1. approved May 2019. https://rtf.nwcouncil.org/measure/level-2-electric-vehicle-charger.] 

Loadshape
Coincidence Factor
Coincidence factor is embedded in deemed demand reduction savings estimate so the coincidence factor is assumed to be 1. 
Algorithm 
Calculation of Energy Savings 
Electric Energy Savings
ΔkWh 	= [(VMT / MPG_ice * 120,429) / HeatRate)] - (VMT * EV_ee / 100) + [((Hours_PS + Hours_US) * SP_base) - (Hours_PS * SP_EEp + Hours_US * SP_EEu)] / 1000

Where:
	VMT		= Annual vehicle miles traveled of the vehicle measure. 
= 11,500[footnoteRef:17] [17:  Average annual vehicle miles traveled estimated based on Illinois statewide transportation statistics found in Table VM-1. Annual Vehicle Distance Traveled in Miles and Related Data, 2017. US Department of Transportation. Revised March 2019.] 

	MPG_ice		= Baseline fuel economy for the internal combustion engine vehicle expressed in miles per gallon. 
				= 28 MPG.[footnoteRef:18] [18:  Estimated using the 2019 US Fuel Economy Guide fleetwide average for gasoline cars. Baseline MPG includes an efficiency adder of 4.2 MPG since gasoline vehicles replaced by EVs are more efficient than the fleet-wide average, according to NBER Working Paper No. 25771. “What Does an Electric Vehicle Replace?” by Jianwei Xing, Benjamin Leard, Shanjun Li. Issued in April 2019.] 

	120,429		= Conversion factor for BTU per Gallon of Gasoline.
	HeatRate	= Heat rate for electric power generation, based on the Ameren Illinois reported generation mix, adjusted to account for T&D losses.[footnoteRef:19] [19:  Resource mix based on Ameren Illinois Environmental Disclosure Statement for the 12 months ending September 30, 2018.] 

			= 7,939 BTU/kWh in 2019[footnoteRef:20] [20:  Heat rate for electricity generation is based on U.S. Energy Information Administration Monthly Energy Review Table A6 Approximate Heat Rates for Electricity, and Heat Content of Electricity.] 

	EV_ee		= Actual nameplate operation efficiency for electric vehicle expressed in kWh per 100 miles. 
			= 30 kWh per 100 miles[footnoteRef:21] [21:  Average electric vehicle efficiency based on light-duty vehicle miles per gallon from Annual Energy Outlook 2019. U.S. Energy Information Administration. ] 

	EV_kWh		= Annual Driving Energy Consumed at Home (kWh)
			= VMT * EV_ee / 100 * %Home_Charging	Comment by Sam Dent: This appears to be assuming 86% of charging is done at home – which seems reasonable but what is it based upon?
			= 2,967 kWh
	Hours_C		= Annual Active Charging Hours
			= EV_kWh / Steady State Charger Output Capacity (kW)
			= EV_kWh / 8.2[footnoteRef:22]	Comment by Sam Dent: These are skewed by the relatively higher draw from many of the 20 Tesla chargers listed. Do we have any way of weighting the list by an estimate of sales?  [22:  Analysis of WA and OR Cumulative EV Registrations through 2018 paired with Vehicle Maximum Power Acceptance (kW) data from Chargehub https://chargehub.com/en/find-the-right-charging-station-power.html] 

	Hours_P		= Total Annual Hours Plugged In
			= Annual # of Charging Sessions * Average EV Plug in Time per Charging Session (Hrs)
			= (EV_kWh / 7.4[footnoteRef:23]) * 14.7[footnoteRef:24] 	Comment by Sam Dent: I make it that the hours plugged in are about 6000 per year (this is basically every evening & night of the year – 16 hours per day), but only charging for 400 hours. The house plugged in do not look correct. [23:  Avista Docket No. UE-160082 – Avista Utilities Semi-Annual Report on Electric Vehicle Supply Equipment Pilot Program (November 2018) Table 13 Avg. kWh Consumed per Session]  [24:  Based on data provided by Avista. Total hours EV is plugged into charging station including both charge and standby time.] 

	Hours_PS		= Annual Standby Hours Plugged In
			= Hours_Plugged - Hours_Charging
	Hours_US		= Annual Standby Hours Unplugged
			= 8760 - Hours_Plugged
	SP_base		= Baseline Average Standby Power (W)
			= 3.7 for non-networked, 9.9 for networked[footnoteRef:25]	Comment by Sam Dent: 2013 source for this is old for such a new and developing technology. We would want to confirm these are still reasonable baseline assumptions. [25:  INL charger testing https://avt.inl.gov/evse-type/ac-level-2 and ENERGY STAR Market and Industry Scoping Report Electric Vehicle Supply Equipment (EVSE) September 2013 (source data is from INL).] 

	SP_EEp		= Efficient Average Standby Power (W) with vehicle plugged in
			= 4.3 for non-networked, 6.4 for networked[footnoteRef:26]	Comment by Sam Dent: All the units on the QPL are commercial? 
Is this a reasonable proxy for those likely to be installed in residential? [26:  2019 ENERGY STAR QPL of Residential EVSE. No Residential units, used commercial as a proxy. Averaged Partial On Mode Input Power (W) and Idle Mode Input Power (W)] 

	SP_EEu		= Efficient Average Standby Power (W) in no vehicle mode
			= 2.1 for non-networked, 3.2 for networked[footnoteRef:27] [27:  2019 ENERGY STAR QPL of Residential EVSE. No Residential units, used commercial as a proxy. Averaged Partial On Mode Input Power (W) and Idle Mode Input Power (W).] 


Summer Coincident Peak Demand Savings
ΔkW = - kW_vehicle * CF 
Where:
kW_vehicle 	= Summer peak electric demand of the electric vehicle. 
= 0.28 kW[footnoteRef:28] [28:  Summer peak demand impacts are a deemed value based on EV Charging Station Pilot Evaluation Report. Xcel CO. May 2015. Page 5.] 

CF		= Summer peak coincidence factor
= 1[footnoteRef:29] [29:  kW_Vehicle accounts for the estimated average kW draw during the system peak.] 


Natural Gas Savings
N/A
Water and Other Non-Energy Impact Descriptions and Calculation  
N/A
Deemed O&M Cost Adjustment Calculation
Avoided Annual O&M cost = VMT * (O&M_ice - O&M_ee) / 100
Where:
O&M_ice	= Baseline O&M cost for the internal combustion engine vehicle expressed in cents per 			mile. 
	= 5.38[footnoteRef:30] [30:  According to the American Automobile Association (AAA) publication, "Your Driving Costs," 2010 Edition average vehicle maintenance costs are 5.38 cents per mile.] 

O&M_ee	= Efficient O&M cost for the electric vehicle expressed in cents per mile.
	= 4.10[footnoteRef:31] [31:  Maintenance for EVs is reduced by 28% based on DeLuchi, Mark and Lipman, Timothy, An Analysis of the Retail and Life Cycle Cost of Battery-Powered Electric Vehicles; UC-Davis Institute of Transportation Studies. http://escholarship.org/uc/item/50q9060k] 

100	= Conversion factor for cents per dollar
Cost-Effectiveness Screening
For the purposes of screening an EV measure application for cost-effectiveness, the displaced fossil fuel consumption from the internal combustion engine vehicle and the electricity consumption of the EV should be accounted for separately. In general, the benefit and cost components used in evaluating the cost-effectiveness of an EV measure would include at least the following terms:
Benefits: ICE_gal + O&M_costs
Costs: kWh_ev + ΔkW + EV_cost
Where:
ICE_gal	= Displaced fossil fuel consumption of internal combustion engine.
= VMT / MPG_ice
O&M_costs 	= Avoided operations and maintenance costs as defined in the “Deemed O&M Cost Adjustment Calculation” section.	
kWh_ev	= Electricity consumption of the electric vehicle.
= VMT * EV_ee / 100
EV_cost 	= Incremental cost of the electric vehicle as defined in the “Deemed Measure Cost” section.

Measure Code:  CC-TRS-BVCH-V01-210101
Review Deadline: 1/1/2022

