Appendix 1: Technical Support Document

An analysis of Minnesota’s proposal to adopt California’s Low Emissions Vehicle and Zero-Emission
Vehicle standards

This technical support document supplements the Minnesota Pollution Control Agency’s (MPCA)
Statement of Need and Reasonableness (SONAR) In the Matter of Proposed Revisions of Minnesota Rule
Chapters 7023, Clean Cars Minnesota; Revisor ID No. 04626.
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Introduction

This technical support document (TSD) presents results and details about the methods, inputs,
assumptions, and sensitivities for the regulatory analysis (section 7) conducted for the Minnesota
Pollution Control Agency’s (MPCA) Statement of Need and Reasonableness (SONAR) for the proposed
adoption of California’s Low Emission Vehicle (LEV) and Zero Emission Vehicle (ZEV) vehicle standards
into Minnesota Rules. The TSD provides the detailed information behind the analysis that examines the
direct and indirect costs and benefits of the proposed rule.

The MPCA considered the impacts of the rules in three general areas: emissions impacts of greenhouse
gases (GHGs) and other air pollutants; economic impacts for Minnesota consumers and producers; and
health, climate, and disproportionate environmental impacts in Minnesota (see SONAR sections 7 and 8
for information on health, climate, and disproportionate environmental impacts). These areasare not
separate areasof analysis, but rather interact and depend on one another. Since the primary purpose of
the proposed rule is to reduce vehicle tailpipe emissions and increase the number of vehicles with zero
tailpipe emissions, its most direct benefit is a reduction in emissions from vehicle operation on
roadways. This benefit leads toa secondary co-benefit of improved public health outcomes, since
vehicle pollutants, even atlow and moderate levels, directly harm human health.

This TSD contains six parts:

1. Analysis overviewand main inputs: Describesthe overall framework of the cost-benefit analysis
and the MPCA’s approach used to determine the assumptions and inputs needed, including historic
and projected vehicle sales estimatesand characteristics of vehicle usage in Minnesota.

2. Emissions benefits: Estimatesthe air pollution emissions that would be avoided as a result of
adopting the proposed rule.

3. Costs and benefits to Minnesota consumers: Coversdirect and indirect economic costs and
benefits, including those relatedto vehicle purchase, fuel and maintenance, and costs to state
agencies.

4. Health and equity analysis: Analyzesthe potential health benefits resulting from the emissions
benefits and whether some groups of Minnesotans will be more affected than others.

5. Sensitivity analyses to address potential economic slowdown: The COVID-19 pandemic could have
long-term impacts on the U.S. and Minnesota economies, which could affect future vehicle sales and
specifically EV sales. This section provides analysis of how future economic slowdowns could affect
every component of this analysis, including emissions benefits, costs and benefits to Minnesota
consumers, establishment of initial ZEV credit banks, and health and equity implications.

6. Establishmentofan initial ZEV credit bank: Provides analysis of the MPCA’s proposed mechanism
to establish an initial ZEV credit bank to aid in compliance once the proposed rule goes into effect.
Analyses of alternative early action mechanisms are also included.

Given the variety of economic and societal factorsat play in the scope of this analysis, the methodology
described demonstratesthe practical extent to which the MPCA determined reasonable assumptions
and inputs for future scenarios.

1. Analysis overview and main inputs

As part of the Clean Cars Minnesota rulemaking, MPCA is proposing the adoption of LEV and ZEV
standards. Inits analysis of how LEV and ZEV emissions standards would impact Minnesota, the MPCA
considered the following:
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e Impactson emissions of GHGs and other pollutants,

e Economic costs and benefits to Minnesota consumers,

e Costs to vehicle manufacturers and dealers to comply withthe rules,
e Costs to state agencies from implementing and enforcing the rules,
e Impactson the climate and the health of Minnesotans, and

e Equity implications of therules.

Additionally, the MPCA analyzed methods for establishing an initial ZEV credit bank. The analysis begins
with model year (MY) 2025 because this is the earliest possible year the rules could be in effect.?

This section outlines key concepts of the proposed rule as well as the general framework and key inputs
to the analysis.

A. Background on the proposedrule

The MPCA is proposing to adopt the ZEV standardand the LEV standardtogether. Until spring of 2020,
the LEV standard was identical to the federal standards. However, on April 30, 2020, the federal
government published the final Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule, effective June 29,
2020, which weakened the federal GHG emissions standards for light-duty vehicles. One of the purposes
of the proposed Clean Cars Minnesota rule is to maintain the more stringent GHG emissions standardin
Minnesota in light of this federal action. The LEV and federal standards are the same for non-methane
organic gases (NMOG) and nitrogen oxides (NOy), and the federal government has not changedthose
standards. The LEV particulate matter (PM) standard is currently the same as the federal standards, but
begins to become more stringent after MY 2025 until MY 2028. The LEV and federal standards for
medium-duty vehicles are harmonized, so medium-duty vehicles are not included in this analysis.

The proposed LEV emissions standards apply to the following vehicle types:

e Passenger car: vehicles desighed mostly to transport 12 people or less.
e Light-duty truck: vehicles with a gross vehicle weight of under 8,500 pounds.
¢ Medium-duty vehicle: vehicles with a gross vehicle weight of between 8,501 and 14,000 pounds.

e Medium-duty passenger vehicle: medium-duty vehicles with a gross vehicle weight of less than
10,000 pounds and is designed mostly to transport people.

The TSD sometimes refers to “light-duty vehicles” (LDV) which is a categorythat combines both
“passenger cars” and “light-duty trucks.” LEV sets emissions limits for these vehicle categoriesfor GHGs,
as well as other pollutants, including NMOG, NOy, and PM. NMOG and NOy are combined into one
standard together so that manufacturers can determine the balance of emission control technologies
that works best for their vehicles.

New carsand light-duty trucks sold in Minnesota are currently subject to the federal emission standards.
Until spring 2020, the federal standards and LEV standards were equivalent. The LEV standard and 2020
SAFE Rule have identical tailpipe emissions standards for PM and NMOG + NOy through MY 2025.

1There are many variables that may impact when the proposed rules would go into effect ifthey are adopted. These variables
include rulemaking timeline and the resolution of the litigation over California’s waiver under section 209 of the CAA. This
analysis assumes the earliest date by which the proposed rules could be in effect. Section 177 ofthe CAA provides that states
must adopt the new standards at least two years prior to theirimplementation. Therefore, if MPCA adoptsthe proposed rulesin
early 2021, they would not be applicable for MY 2023, which begins on January 1, 2022, nor for MY 2024, but will be applicable
to MY 2025, which beginsJanuary 1, 2024.
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Starting in MY 2025, the LEV standards begin to phase in a more stringent standard for emissions of PM.
However, the 2020 SAFE rule is significantly less stringent for GHG tailpipe emission standards,
compared to the LEV standard. Under the 2020 SAFE rule, the federal GHG emissions standards get
more stringent by 1.5% annually through MY 2026 compared with the LEV standard, which get more
stringent by 5% annually through MY 2025.

The proposed rule requires automobile manufacturersdeliver for sale in Minnesota only passenger cars,
light-duty trucks, medium-duty vehicles, and medium-duty passenger vehicles that are certified by
California as meeting the LEV standards. Manufacturersalso need to meet average emissions
requirements for the entire fleet of vehicles they deliver for sale in Minnesota. There are separate fleet-
wide emission standards for passenger cars, light-duty trucks, medium-duty vehicles, and medium-duty
passenger vehicles. The proposed rule for GHGsand NMOG + NOy provide flexibility for manufacturers
by using a vehicle footprint-based calculation for determining the manufacturer’sfleet-wide average.
Under this system, the fleet-wide average requirement for a manufacturer who sells a higher
percentage of larger trucks or cars would be less stringent than if they sold a higher proportion of
smaller vehicles. EVs delivered for sale as required by the ZEV standard are incorporated into this fleet
average. Avehicle manufacturer whose fleet produces less emissions than their fleet-wide average
requirement for a model year earns credits, while a manufacturer whose fleet produces more emissions
than their fleet-wide average requirement has a deficit it must fill with credits either from its bank or by
purchasing credits from other manufacturers. The LEV standard provides compliance flexibilities
including banking and trading of credits across model years and trading of credits between
manufacturers. Additionally, manufacturers have the option of demonstrating compliance with the LEV
standard based on deliveries for sale in each state individually or by averaging across California and all
the other statesthat have adopted the LEV standard (collectively referredto as “section 177 states”)
together. The PM standard requires manufacturers toannually phase in increasing percentages of
lower-emitting vehicles into their fleet.

The ZEV standard would require a certain percentage of the passenger carsand light-duty trucks that
each automobile manufacturer delivers for sale in Minnesota annually to be vehicles with zerotailpipe
emissions, including battery electric vehicles (BEVs), plug-in hybrid electric vehicles (PHEVs),? and
hydrogen-fueled vehicles. These vehicles are collectively considered “zero emission vehicles” (ZEVs).
BEVsand PHEVsare often collectively referred to as “electric vehicles” (EVs). Credit requirements vary
depending on the size of the manufacturer. The number of vehicles that the credit percentage ZEV
requirement is applied to for the given model year is based on the three-year average of the
manufacturer'svolume of passenger carsand light-duty trucks produced and delivered for sale in
Minnesota in the prior second, third, and fourth model year. For example, 2025 model year ZEV
requirements would be based on Minnesota production volume average of passenger carsand light-
duty trucks for 2021 to 2023 model years. The production volume for calculating a manufacturer’sZEV
credits includes only its sales of light-duty passenger cars and trucks, not medium-duty vehicles. Large
volume manufacturers® must meet a portion of their credit requirements with creditsfrom the delivery

2 PHEVs are called “transitional zero emission vehicles” or “TZEVs” in the regulatory language, although TZEV is not a commonly
used term. For the purposes of this SONAR, the terms TZEV and PHEV are synonymous, however PHEV will be used for
consistency.

3 California Code of Regulations Title 13 § 1900 (b)(10), “Large volume manufacturer” means “any 2000 and subsequent model
year manufacturer that is not a small volume manufacturer, or an independent low volume manufacturer, or an intermediate
volume manufacturer.”
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for sale of BEVs, while intermediate volume manufacturers? can meet their requirements from any mix
of BEV or TZEV credits. Small volume manufacturers® have no regulatory obligations under the ZEV
standard.

B. Framework of the analysis

The MPCA’s general approach to estimate the costs and benefits of the proposed rule was to consider
two future scenarios: one in which the proposed rule is adopted, referredto as the “Clean Cars
scenario,” and one in which they are not—a business-as-usual, or “Reference” scenario. The difference
in estimated emissions and economic outcomes in each scenario yields the costs and benefits of
adopting and implementing the standards.

The two scenarios were considered over the same 10-year time frame, MYs 2025-2034. The first model
year considered is MY 2025 because it is the first model yearin which the proposed rules could be
implemented in Minnesota, pending resolution of the California-EPA waiver dispute under section 209
of the Clean Air Act.

The Reference Scenario assumes all new passenger cars, light-duty trucks, and medium-duty passenger
vehicles sold would comply with the GHG emission standards as published in the final “The Safer
Affordable Fuel-Efficient (SAFE) Vehicle Rule for Model Years 2021-2026 Passenger Cars and Light
Trucks” (85 FR 24174). The final SAFE rule wasjointly published by the U.S. Environmental Protection
Agency (EPA) and National Highway Traffic Safety Administration’s (NHTSA) on April 30, 2020 and went
into effect June 29, 2020. The rule amends the federal GHG standards for MYs 2021-2026 light-duty
vehicles to make them less stringent than they were previously. The SAFE rule does not change the
emissions standards for other air pollutants. Therefore, the federal standards and LEV standards will
remain the same for non-GHG pollutants.

Colorado is the most recent state to have adopted the LEV and ZEV standards, having done so in 2017
and 2018 respectively. The MPCA often referred to and relied on the regulatory analysis done by the
Colorado Department of Public Health and Environment (CDPHE) on their rules to inform and shape our
own. CDPHE analysts shared their cost-benefit analysis tools and data sources with the MPCA. MPCA
staff then rebuilt Colorado’s spreadsheet analysis tools for Minnesota, using inputs and data that
reflected Minnesota-specific characteristicsand conditions related to passenger and light-duty vehicles.
Additionally, the MPCA put together a variety of our own spreadsheet tools in which various inputs
could be adjusted with ease, in order to be able to easily compare outputs of estimated costs and
benefits.

The following sections of this TSD describe the inputs the MPCA used in its analysis. Some inputs were
held constant throughout the analysis, like vehicles sales totals, annual vehicle miles traveled, and
vehicle size. Some inputs required adjustments to see how the resulting estimates changed, such as
projected EV sales and car production share (the percentage of passenger vehicles sold that are smaller
carsversus larger trucks or SUVs). EV compliance estimateswere made using the California Air
Resources Board (CARB) ZEV Regulatory Calculator, a spreadsheet tool that estimates the number of EVs

4 California Code of Regulations Title 13 § 1900 (b)(9), “Intermediate volume manufacturer” means “...any 2018 and subsequent
model year manufacturer with California sales between 4,501 and 20,000 new light-and medium-duty vehicles based on the
average number of vehicles sold for the three previous consecutive model years for which a manufacturer seeks certification...”
5 California Code of Regulations Title 13 § 1900 (b)(22), “Small volume manufacturer” means “with respect to the 2001 and
subsequent model-years, a manufacturer with California sales less than 4,500 new passenger cars, light-duty trucks, medium-
duty vehicles, heavy-duty vehicles and heavy-duty engines based on the average number of vehicles sold for the three previous
consecutive model years for which a manufacturer seeks certification as a small volume manufacturer...”
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needed to be sold to comply with the ZEV standard in a given state.®

C. Vehicle sales inputs

Before any emissions or economic impacts could be evaluated, the MPCA needed to establish how many
new vehicles sold in any given year would be impacted by the proposed rule. Assumptions about future
sales of internal combustion engine (ICE) and electric vehicles formed the basis of all the analysis that
follows, including emissions and economic cost and benefit estimates. Historic and future sales were the
first inputs we needed to establish in order to begin analysis in any of these areas. They were also an
important input for determining EV sales necessary to comply with the proposed ZEV standard, since
future ZEV credits are determined using manufacturers’ historic sales volume of light-duty passenger
vehicles (including EVs).

The MPCA used light-duty vehicle registration data provided by Alliance for Automotive Innovation
(Auto Innovators), which they derived from Minnesota Department of Public Safety (DPS) vehicle
registration data, to consider past and current trends in light-duty vehicle sales. Auto Innovators
provided the MPCA with a set of Minnesota vehicle registration data that had already been cleaned and
sorted to give the number of new registrationsin the state from 2013-2018 by model year, power train
(electric, gas, hybrid, and plug-in hybrid electric), and body style (car, pickup, SUV and van), and later
provided 2019 sales total when it became available. The MPCA used Auto Innovators’ 2013-2018 totals
to consider historic trends in car production share (the percentage of LDV sales that are cars, versus
larger passenger vehicles). The MPCA used DPS registration data to determine the approximate market
share percentages of each manufacturerin Minnesota, since the Auto Innovators data did not give totals
by manufacturer. Each vehicle manufacturer’s market share was used to estimate the number of EV
sales needed for compliance with the proposed ZEV standard, since compliance requirements are based
on a manufacturer’ssize and sales volume. The MPCA used projected annual sales growth rates of new
light-duty vehicle sales from the Minnesota Department of Transportation’s (MnDOT) report, “Pathways
to Decarbonizing Transportationin Minnesota”’ (Pathways report), to project Auto Innovators’ vehicle
totals, starting with MY 2019, through MY 2034.

The MPCA used the same estimates of the total number of light-duty vehicles sold for both the
Reference scenario and the Clean Cars scenario. Buyer response to shifts in different factorsrelatedto
vehicle cost such as up-front costs and fuel economy is difficult, if not impossible, to predict. According
to EPA’s Technical Assessment Report, “Itis difficult, if not impossible, to separate the effects of the
standards on vehicle sales and other characteristics from the impacts of macroeconomic forces on the
auto market”.8 Similarly, during the MPCA’s request for comments (RFC) period, Consumer Reports
submitted a comment stating:

New (and used) car sales are mostly influenced by macroeconomic factors, such as the
state and nation’s gross domestic product, employment rates, inflation, and oil and
gasoline prices, and not by governmental regulation. Greenhouse gas (GHG) vehicle
standards are unlikely to affect the number of new cars sold in Minnesota. Figure [1],
below, which is based on data from the U.S. Department of Energy as presented by the

6information about the ZEV Regulatory Compliance Calculator, developed by the California Air Resources Board, can be found at
https://ww2.arb.ca.qgov/resources/documents/zev-requlatory-calculator.

7 Pathways to Decarbonizing Transportationin Minnesota, Pathways to Decarbonizing Transportation in Minnesota (2019).
Retrieved from https.//www.dot.state.mn.us/sustainability/docs/pathways-report-2019.pdf

8 Draft Technical Assessment Report: Mid-Term Evaluation of Light-Duty Vehicle Greenhouse Gas Emission Standards and
Corporate Average Fuel Economy Standards for Model Years 2022-2025 (July, 2016) at 6-1.
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Aluminum Association, shows the relationship over time between CAFE standards, the price
of a new vehicles and the number of vehicles sold. 9 As shown in this graph, an increase in
vehicle price does not translate into lower sales. Periods of higher vehicle sales occur when
prices are rising or flat, and such sales can decrease when prices drop. This means that
vehicle sales are primarily influenced by macroeconomic factors, not the price of the
vehicles. Similarly, changes in miles per gallon (MPG) requirements do not show any
relationship to the number of cars sold. There are multiple times when the MPG
requirement climb steeply and new cars sales climb with it. There are periods when the
MPG requirementsare flat, and new car sales decline sharply. Likewise, regulations such as
the LEV Standard are very unlikely to affect new vehicle sales in Minnesota.

Figure 1: Historical U.S. vehicle prices and sales have no correlation

Historical data from the U.S. Department of Energy shows that tightening vehicle emissions standards and increasing vehicle
purchase prices do not seem to have a meaningful impact on vehicle sales.
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Since there is no clear evidence linking vehicle emissions standards to changesin purchasing rates of
vehicles, the MPCA maintained the same vehicle sales rates for both the Clean Cars and Reference
scenarios.

i. EV sales projections in the Reference scenario
To evaluate the costs and benefits of the proposed rule, the MPCA needed to first consider what EV
sales could be expected without the ZEV standardin place. There are many projections of EV sales that

9 News Release, Automotive Aluminum Industry Statement on Today’s EPA Determination on Emissions Regs, DRIVE ALUMINUM
(August 2, 2018), https://www.drivealuminum.org/news-releases/automotive-aluminum-industry-statement-on-todays-epa-
determination-on-emissions-regs/.
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vary widely. To account for this uncertainty and understand the range of possibilities and implications,
the MPCA looked at several scenarios that range from conservative low EV sales estimatesto more
optimistic projections of higher EV sales. This set of possible EV sales futures provide reasonable bounds
on the possibilities for future EV sales. While we think that considering a range of business-as-usual
scenarios is informative, for the analyses of emissions benefits and costs and benefits to Minnesota
consumers, we used the most conservative estimate of EV sales future as the Reference scenario.

For the low scenario, the MPCA used past EV sales from the years of 2015 through 2019 to linearly
project future sales. 10 This scenario would result in the additional sale of 555 BEVs and 146 PHEVs each
model year from 2020 on. As a conservative estimate of future EV sales in Minnesota, which is lower
than other Minnesota EV sales projections, this linear projection defines a lower bound of future
Minnesota EV sales. EV sales in our linear projections make up slightly less than 6% of total LDV sales in
MY 2034 (see Figure 2).

For high scenarios, or more generous estimations of business-as-usual EV sales, the MPCA first
considered the U.S. Energy Information Administration (EIA) 2019 Annual Energy Outlook (AEQO)1!
Reference case EV sales projections for the West North Central region of the U.S.12EIA 2019 sales
estimates projected that EVs would make up about 10.5% of all light-duty vehicle sales in MY 2034.
These estimates were considered particularly optimistic because they exceeded EV sales projection in
other regions of the U.S., such as the Mid-Atlantic, Pacific, and New England regions, where the ZEV
standard has already been adopted. EIA 2019 estimates exceed the sales totals that would be needed to
comply with aZEV standard in Minnesota. Thus, if the business-as-usual future were to unfold as EIA
2019 estimates predict, manufacturerswould be over-complying with what the proposed ZEV standard
would require even without the standard in place. If EIA 2019 sales projections were to occur, the ZEV
standard would have no emissions or economic benefit or cost, but would serve as a backstop to ensure
a minimum level of EV deliveries to Minnesota.

The MPCA heard from several parties that the EIA 2019 sales projections are unreasonably optimistic.
For example, comments submitted by the Union of Concerned Scientists (UCS) recommended “...that
the agency use projections based on historical EV sales in Minnesota. UCS does not recommend that the
agency use EnergyInformation Administration’s Annual Energy Outlook (AEO) 2019 regional vehicle
sales projections as they do not accurately reflect vehicle availability in Minnesota as well as important
national policy shifts. The AEO projections fail to account for state-level ZEV availability factors...” 13 The
MPCA heard similar comments from the Alliance for Automotive Innovation, which stated, “the EIA-
based projections are concerning, as they predict sales of nearly 6,000 BEVs in 2019, when in fact
Minnesota has had sales of only just over 2,000 for BEVs and under 3,000 for BEVsand PHEVs combined

10 2013-2018 sales: Alliance of Automobile Manufacturers (2019). Advanced Technology Vehicles Sales Dashboard. Data
compiled by the Alliance of Automobile Manufacturers using information provided by IHS Markit (2011-2018) and Hedges & Co.
(2019) Data last updated 8/20/2019. https://autoalliance.org/energy-environment/advanced-technology-vehicle-sales-
dashboard/. (Alliance of Automobile Manufacturers merged with the Association of Global Automakers in early 2020 to form the
Alliance for Automotive Innovation). 2019 totals were provided by the Alliance for Automotive Innovation (Auto Innovators),
sincethe complete 2019 sales data was unavailable on the Advanced Technology Vehicle Sales Dashboard.

11 https://www.eia.gov/outlooks/aeo/

12 F]A’s West North Central Region is comprised of Minnesota along with lowa, Kansas, Missouri, Nebraska, North Dakota, and
South Dakota.

13 yCS comment on proposed early action credit mechanism, received January 17, 2020, at page 2.
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in 2019.”14

Given this feedback, the MPCA did not use EIA 2019 sales projections for our cost and benefit estimates,
and relied primarily on the low scenario linear EV sales projections. We did, however, consider the 2019
EIA projections in our analysis for establishing an early-actionZEV credit bank, in order to consider the
wide range of possible EV sales outcomes before and after the start of ZEV implementation.

On January 29, 2020, EIA released its 2020 Annual Energy Outlook, 1> which projected significantly lower
EV salesin the West North Central region of the U.S. than it had in 2019.

16 The EIA 2020 EV sales projections are very close to the MPCA’s linear EV sales growth projections (see
Figure 2), slightly exceeding the linear growth trajectory for most of the years of our analysis. Thus, the
MPCA decided it wasreasonable to continue to use the linear projection for the Reference scenario in
this analysis. EIA’s 2020 business-as-usual EV sales projections, like the MPCA’s linear business-as-usual
EV sales projections, are lower than what the MPCA projects would be necessary for ZEV compliance for
most of the MY 2025-2034 time frame.

One final possible future business-as-usual Minnesota EV sales scenario was based on recent EV sales in
Minnesota, but instead of projecting linear growth, the MPCA fit a quadratic growth curve (essentially,
exponential growth) through the sales data. For this projection, we used EV sales (BEVs and PHEVSs) in
Minnesota from the Auto Innovators for 2013-201917 and as was the case for the linear sales growth
projections, fitted separate growth curves for BEVs and PHEVsto project future sales of each. The
qguadratic growth curve had a better fit tothe recent sales data than the linear growths for BEVs. This is
to say that, while we cannot necessarily expect quadratic growthin BEVsand PHEVs to continue into the
future, the quadratic growth curve, at least for BEVs, is a better representation of the recent past
growthin Minnesota than a linear growth pattern.

Figure 2 compares the different Minnesota future EV sales projections: MPCA’s linear projections, EIA’s
2019 and 2020 projections, and MPCA’s quadratic projections, along with ZEV standard compliance
estimates.

14 Alliance for Automotive Innovation comment on proposed early action credit mechanism, received January 21, 2020, at page
3.

15 Available at: https.//www.eia.gov/outlooks/aeo/.

16Annual Energy Outlook 2020, Table 38. Light-Duty Vehicle Sales by Technology Type, available at
https.//www.eia.gov/outlooks/aeo/data/browser/#/?id=48-AEQ2020& region=1-
4&cases=ref2020&start=2018&end=2050&f=A&linechart=ref2020-d112119a.4-48-AE02020.1-4&map=ref2020-d112119a.5-48-
AE02020.1-4&sourcekey=0.

17.2013-2018 totals: Alliance of Automobile Manufacturers (2019). Advanced Technology Vehicles Sales Dashboard. Data
compiled by the Alliance of Automobile Manufacturers using information provided by IHS Markit (2011-2018) and Hedges & Co.
(2019) Data last updated 8/20/2019. https://autoalliance.org/energy-environment/advanced-technology-vehicle-sales-
dashboard/. Additional information for Minnesota 2019 BEVs and PHEVs sales provided through personal communication with
Alliance of Automobile Manufacturers, 5/21/2020. 2019 totals were provided by the Alliance for Automotive Innovation (Auto
Innovators), since the complete 2019 sales data was unavailable on the Advanced Technology Vehicle Sales Dashboard.
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Figure 2: EV sales (as percentage of total LDV sales) projections: EIA 2019, EIA 2020, linear sales growth,
quadraticsales growth, and requirements for ZEV standard compliance.

EIA’s EV sales projections published in 2019, shown in red, were much higher than those published in 2020 (blue). MPCA’s linear
EV sales projections (grey) are more closely aligned with EIA’s more recent 2020 projections. Both MPCA’s linear and EIA’s 2020
business-as-usual EV sales projections fall below what is needed for compliance with the ZEV standard (yellow). However, EIA’s
2019 business-as-usual EV projections exceed what is needed for ZEV standard compliance over the entire time frame and
MPCA’s quadratic sales projections (green) exceed what is needed for ZEV standard compliance for all but the first two projected
years of the standard.
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The MPCA cannot say for certain which of these future scenarios is more likely in Minnesota if no ZEV
standard is implemented, but considering all of them provides a range of potential futures. To err on the
side of being conservative, the MPCA chose the linear growth as the Reference scenario and thus the
difference between linear growth and the ZEV compliance projection described in the next section as
the projected burden on vehicle manufacturers to comply with the ZEV standard. Given the uncertainty
of projecting future EV sales, the proposed ZEV standard would provide a backstop, or regulatory floor,
for the number of EVs delivered for sale in Minnesota, ensuring at least the minimum number of EVs
required for compliance are sold in Minnesota.

Table 1 shows the projected EV sales under the linear growth projection. These sales estimatesare used
throughout this analysis for the Reference scenario.
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Table 1: Minnesota light-duty vehicle sales and Reference scenario linear EV growth projections

Model Light-duty Projected BEV | Projected PHEV Percent of total
year vehicle sales sales sales Total LDVsthat are EVs
2025 253,385 5,611 1,799 7,410 2.92%

2026 251,104 6,166 1,945 8,111 3.23%

2027 247,840 6,721 2,091 8,811 3.56%

2028 243,379 7,276 2,236 9,512 3.91%

2029 237,538 7,830 2,382 10,213 4.30%

2030 230,649 8,385 2,528 10,913 4.73%

2031 224,883 8,940 2,674 11,614 5.16%

2032 222,634 9,495 2,820 12,314 5.53%

2033 226,641 10,050 2,965 13,015 5.74%

2034 237,067 10,604 3,111 13,716 5.79%

LDV sales are based on Minnesota 2019 sales with future sales based on MnDOT Pathways report projections. Projected BEV
and PHEV Reference scenario deliveries are based on linear extrapolations of Minnesota EV sales in 2015-2019.

Due to potential long-term economic impacts of the COVID-19 pandemic, which could impact future
sales of LDVs and EVs in Minnesota, the MPCA also conducted a sensitivity analysis with alternative
projections for LDV and EV sales in Minnesota based on AEQ’s Low Economic Growth Scenario. This
sensitivity analysis is addressed in Section 5 of this TSD.

ii. EV sales projections in the Clean Cars scenario
The ZEV standard is a credit-based percentage requirement intended to balance EV sales with the types
of EVs being produced; it does not specify an EV sales volume target. Under the ZEV standard, EVs
delivered for sale earna manufacturer credits based on the vehicle technology (BEV vs. PHEV) and the
distance it can travelon a full battery. BEVstypically earn more credits than PHEVs because vehicles that
can travel further on a full battery earna manufacturer more credits, and in general, BEVscan travel
further than PHEVson asingle charge. Manufacturers have some flexibility, based on the amount of
their sales within the state, to determine what mix of BEVsand PHEVs they want to produce and make
available for sale to receive credits.

The flexibilities built into the proposed ZEV standard meanthat itis not possible to know with certainty
the exact number of BEVsor PHEVs a manufacturer might choose to deliver for sale in a statein order to
comply. To help answer the question of how many EV sales could result from the regulation, and to
show the effects that these flexibilities have on the overall number of EVs produced and delivered for
sale in a state with the ZEV standard, staff at the California Air Resources Board (CARB) developed a ZEV
Compliance Calculator and made it available for download on their website. The 2017 ZEV Compliance
Calculator Tool is an Excel spreadsheet tool that estimatesthe minimum number of EVs that
manufacturers might need to sell in order to comply with the rule, based on certaininputs and how
quickly EV technology develops. 18 The tool is not a market forecast of what actualtotal sales maybe, or
are likely to be, in any given model year, ratherit is a regulatory compliance projection using the best

18 See California Air Resources Board, ZEV Regulatory Calculator(2019), https://ww2.arb.ca.gov/resources/documents/zev-
requlatory-calculator.

Clean Cars Minnesota — Appendix 1: Technical support document 13


https://ww2.arb.ca.gov/resources/documents/zev-regulatory-calculator
https://ww2.arb.ca.gov/resources/documents/zev-regulatory-calculator

available information on EV technology and production.

The MPCA used California’s ZEV Compliance Calculator, 1° updated with Minnesota-specific data, to
create aZEV Calculator of its own to estimate BEV and PHEV sales needed to comply with the proposed
ZEV standard. Outputs from the Minnesota’s ZEV Calculator are listed in Table 3. We needed to estimate
how many EV sales might occur from the proposed ZEV standardso we could compare Minnesota’s
current and projected business-as-usual EV sales to what would be needed for compliance withthe ZEV
standard. The estimate provided a sense for how much manufacturers may or may not need to increase
their EV sales between adoption and implementation of the rule in order to comply.

The California ZEV calculator off of which Minnesota’s was based includes several scenarios for
achieving the minimum level of compliance necessary to meet the ZEV standards based on assumptions
about EV technology development and trends. MPCA used California’s mid-range technology
advancement scenario for our analysis. Staff at CARB and CDPHE recommended the mid-range
technology advancement scenario as the most reasonable and balanced. This scenario assumed 5%
annual growthin electricrange for BEVs starting from 192.5 miles per charge in MY 2018. For PHEVSs, the
range reaches 55 miles per charge startingat MY 2023. These ranges arein label range which can be
converted to UDDS?% test cycle range by dividing by 0.7. ZEV credits are calculated based on UDDStest
cycle range.

This analysis also assumes that by MY 2025, the majority of Large Volume Manufacturers (LVMs) and
Intermediate Volume Manufacturers (IVMs) would focus on BEV technology rather than PHEV
technology since BEVsearn more credits than PHEVs. Both LVMs and IVMs are likely to focus on BEV
sales for compliance with the ZEV standard because, as many sources predict, battery costs are
expected go down significantly in the coming years.?! Moreover, forecasts predict that BEVswould
reach price parity with ICE vehicles — around MYs 2027 or 2028.22 The Minnesota ZEV compliance
scenario presented here estimates vehicle manufacturers may deliver to Minnesota a mix of EVs
including around 62% BEV and 38% PHEV in order to meet the MY 2025 ZEV program requirements.
Because EV batterytechnology is likely to improve as time goes by and battery costs are likely to
decline, we expect that manufacturerswill generally gradually shift their focus from PHEVs to BEVs to
meet ZEV program requirements. Manufacturers may also be motivatedto shift awayfrom PHEVsto
BEVsdue to the fact that BEVs generally earn more ZEV creditstoward compliance than PHEVs. By MY
2034, the projected EV vehicle mix in the Minnesota ZEV compliance scenario will be around 76% BEVs
and 24% PHEVs. The key assumptions underlying this scenario in Minnesota are listed in Table 2.

19 Information about the ZEV Regulatory Compliance Calculator, developed by the California Air Resources Board, can be found
at https://ww2.arb.ca.gov/resources/documents/zev-requlatory-calculator.

20 ypDS stands for Urban Dynamometer Driving Schedule. It refers to the US EPA’s mandated dynamometer test on fuel
economy that represents city driving conditions and is used for light duty vehicle testing.

21 Njc Lutsey and Michael Nicholas, Update on Electric Vehicle Costs in the United States Through 2030, The International
Council on Clean Transportation (April 2, 2019),

https://theicct.org/sites/default/files/publications/EV cost 2020 2030 20190401.pdf. APCD PHS EX D.

22 g,
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Table 2: Key Minnesota-specificassumptions for Minnesota ZEV compliance calculator

Assumption

Value(s)

Rationale

BEVs range (miles)

192.5 for MY 2018 with 5%
annual growth thereafter

PHEVs range (miles)

21 for MY 2018 with5%
annual growth thereafter

Thesearewhat California
and other states chose for
their mid-range scenarios
and arereasonablegiven
current expectations of
growth of EV technology.

% of large volume manufacturers makingonly
BEVs

60% for MY 2025 with 2
percentage pointsannual
growth thereafter?3

% of intermediate volume manufacturers
making onlyPHEVs

40%for MY 2025 with2
percentage points annual
declinethereafter?*

Based on California’sand
other states’ assumptions
andinformed by recentand
likelyfuture sales of BEVs
and PHEVs in Minnesota.

Total LDV Minnesota marketshare of large

volume manufacturers 89%
Total LDV Minnesota market share of
intermediate volume manufacturers 11%

Based on Minnesota new
vehiclesalesdatain2019
providedby the Auto
Innovators.

These are the key assumptions that led to our projections for ZEV credit requirements under the proposed ZEV standard. These
assumptions also are used to estimate how many early action credits would be accrued in Minnesota, as described in section 4.

ZEV compliance calculator estimates indicate that the ZEV standard would require manufacturersto
deliver for sale in Minnesota approximately 18,800 EVs in MY 2025. For comparison, there were
approximately 3,200 new EVs sold in Minnesota in 2019, 2,900in 2018, and 1,400 in 2017.2°Table 3

shows the projected EV sales estimated by the Minnesota ZEV Compliance Calculator. These sales
estimatesare used throughout this analysis for the Clean Cars scenario.

23 Itis generally believed that as EV battery technology improves and battery costs decline, BEVs will become more popular

relative to PHEVs and manufacturers will shift their focus away from PHEVs and towards ZEVs. Thisis why the MPCA has chosen
to slightly increase each year the percentage of LVMs solely making BEVs.
24 Again, due to expected changes in EV battery technology and costs, we expect that as time goes by IVMs will also generally

shift their focus away from PHEVs and towards BEVs.

25 Alliance of Automobile Manufacturers (2019). Advanced Technology Vehicles Sales Dashboard. Data compiled by the Alliance
of Automobile Manufacturers using information provided by HIS Markit (2011-2018) and Hedges & Co. (2019) Data last updated
8/20/2019. Retrieved 2/3/2020 from https://autoalliance.org/energy-environment/advanced-technology-vehicle-sales-
dashboard/. Additional information for Minnesota 2019 BEVs and PHEVs sales provided by Alliance for Automotive Innovation,
5/21/2020. In early 2020, the Alliance of Automotive Manufacturers merged with the Association of Global Automakers to form
the Alliance for Automotive Innovation.
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Table 3: Minnesota light-duty vehicle sales and Clean Cars compliance scenario

Light-duty Percent of
Model vehicle total LDVs
year sales BEVs PHEVs Total EVs that are EVs
2025 253,385 11,714 7,139 18,852 7.44%
2026 251,104 11,804 6,777 18,581 7.40%
2027 247,840 11,865 6,401 18,266 7.37%
2028 243,379 11,893 6,012 17,904 7.36%
2029 237,538 11,879 5,607 17,486 7.36%
2030 230,649 11,811 5,187 16,998 7.37%
2031 224,883 11,682 4,752 16,434 7.31%
2032 222,634 11,489 4,309 15,798 7.10%
2033 226,641 11,269 3,874 15,143 6.68%
2034 237,067 11,106 3,475 14,581 6.15%

The MPCA used the Minnesota ZEV Compliance Calculator to project the number of BEVs and PHEVs in each MY 2025-2034 that
would be required to comply with the standard. Because the ZEV standard plateausin MY 2025, projections of BEVs and PHEVs
required for compliance in subsequent model years are based on projected fluctuationsin Minnesota light-duty vehicle sales.
These compliance projections are used throughout this document in our estimation of emissions and consumer impacts of the
ZEV standard.

D. Annual mileage inputs
To estimate emissions and fuel savings on an annual basis, the MPCA used data from the EPA 2014b
Motor Vehicle Emissions Simulator (MOVES) to estimate annual vehicle miles traveled (VMT) for new
vehicles sold. MOVES provides default VMT values for passenger cars and light-duty trucks based on
their age, shown in Figure 3. We used the same VMT values in both the Reference and Clean Cars
scenario. Inboth scenarios, the MPCA assumed that PHEVswould power 75% of their mileage with
electricity, and 25% with gas. Colorado used this same assumption in their analysis. In the absence of
any datato suggest an alternative for Minnesota, the MPCA determined it reasonable to use Colorado’s
assumption.
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Figure 3: EPA MOVES model vehicle miles traveled default Minnesota values, by vehicle age and class

EPA data from its Motor Vehicle Emissions Simulator (MOVES) assumes that as vehicles age they travel fewer miles each year. It

also assumes that larger vehicles, like trucks and SUVs, generally drive more miles annually than smaller cars.

P
SR

14,000
ﬁmﬁ
SN
-~

= 12,000 ————
g W
K W
& 10,000 g "
b --L_:ra.._sl.
o el
L 8000 ‘i\-—.m
—1 v wl s e, :
E "ﬁ"-ﬁg;,“g i
u o A e
— 6. 000 .. = 2 g
= v --0-9
L1 ]
= 4000

2,000

0

C

012345678 9101112131415161718192021222324252627282930
Vehicle age
@ Passenger car WMT =& Light-duty truck VMT

2. Emissions benefits

This section provides an overview of the results, methodology, data and inputs used to estimate
emissions impacts of the proposed rules.

A. Overview
The basic approach to calculating the emissions benefits of the proposed rule was to estimate the
emissions from light-duty vehicles that would occur in the Reference scenario and the Clean Cars
scenario, between MYs 2025 and 2034, and to subtract to find the difference. For both scenarios, the
MPCA estimates strict compliance with the applicable standards and does not consider any potential
over-compliance with the standards.

If the MPCA does not adopt the proposed rule and maintains the federal standards in the state,
Minnesota will be subject to the final changes to the federal GHG emissions standards as published in
the Federal Register on April 30, 2020. Therefore, in the Reference scenario, the analysis assumes all
new light-duty vehicles sold will comply with the final federal SAFE rule, which rolls back the previous
GHG standards for MYs 2021 to 2026 and makes them less stringent. The SAFE rule requires an

approximate 1.5% annual reduction in tailpipe CO, emissions through MY 2026. In contrast, the LEV rule,

which is equivalent to the former federal standards, requires an approximate 5% annual reduction in
tailpipe CO, emissions through MY 2025.

We considered the Reference and Clean Cars scenarios over the same ten-year period, starting with MY
2025, the year in which the proposed rule would be most likely to take effect. For all remaining years of
analysis we apply the standards from the last year for which they’ve been set (MY 2026 standards for all

remaining yearsin the Reference scenario, MY 2025 standards in the Clean Cars scenario), which
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effectively flatlines emissions rates through those years. On average, emissions standards for LEV-
certified passenger carsand light-duty trucks are about 12% and 16% lower, respectively, in the Clean
Cars scenario than in the Reference scenario.

The analysis considers the differences in tailpipe emissions in each scenario, as well as the differences in
upstream emissions that occur from extraction, transportation, and consumption of fuels used for
electricity generation (for electric vehicles) and the extraction, transportation, and energy use from the
production of gasoline.

The primary air pollutants the MPCA included in the analysis are those specifically regulated by the LEV
rule: GHGs, NMOG + NOy, and PM. Greenhouse gases included in the rule are carbon dioxide (CO,),
nitrous oxide (N,0), and methane (CH,). Since N,0, CH4, and NMOG + NOy emission standards are the
same under the SAFE and LEV rules, the MPCA only considered upstream emissions impacts of those
pollutants. The LEV standard, in addition to CO,, sets a more stringent emissions limit for PM. Whenever
necessary, emissions of N,O and methane were convertedto carbon dioxide equivalents (CO,-e) using
global warming potential multipliers used in the LEV standard: of 298 and 25, respectively.

Since tailpipe emissions standards are established separatelyfor passenger cars and light-duty trucks,
our analysis considers the emissions differences betweenthese vehicle types in the Reference and Clean
Cars scenarios. For each pollutant, the MPCA determined a tailpipe and upstream emissions rate
expressed in gramsemitted per mile for each model year, vehicle type (passenger carsand light-duty
trucks), and scenario. The MPCA then multiplied these per-mile emissions rates by annual VMT and the
total number of vehicles sold in a model year and summed across model years to yield the total
emissions (tailpipe and upstream) from all new vehicles sold after MY 2025 in each scenario. We then
calculatedthe difference to determine the emissions benefit.

Since the SAFE and LEV GHG standards are enforced as a fleet average requirement for vehicle
manufacturers, tailpipe GHG emissions benefits from additional EVs required under the ZEV standard
are not included in tailpipe emissions benefit estimates. This is because EVs are allowed to be included
when calculating a manufacturer’s fleet-wide average. Asa manufacturer produces more EVs, the fleet-
average system effectively allows internal combustion engine vehicles produced by a manufacturerto
emit a little more, on average, meaning more EVs produced does not necessarily meana greater tailpipe
GHG benefit.

In contrast, PM standards are enforced on a per-vehicle basis, meaning that every vehicle produced
must not exceed a particular emission level. As a result, more EVs produced under the ZEV mandate
would have an additional emissions benefit, which our analysis considers. Additionally, LEV PM
emissions rates, though they begin at the same level as the federal standards in MY 2025, become
increasingly more stringent eachmodel year thereafter through 2028. In MYs 2028-2034, PM emissions
ratesin the Clean Cars scenario are one-third of those in the Reference scenario.

Since LEV and federal NMOG + NOy emissions standards are equivalent, NMOG + NOy emissions rates are
equal for vehicles in both scenarios. Since these pollutants are emitted at the same ratein each
scenario, all estimated emissions reductions of these pollutants are a result of reduced upstream
emissions from fuel production.

The MPCA estimated emission impacts at two different scales:

e Tailpipe emissions: direct emissions from the vehicle itself.

e Well-to-wheel emissions: Tailpipe emissions plus upstream emissions from electricity and
gasoline production, including extraction, transportation, and refining.
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B. Emissions background data andinputs

This section (B) describes the data, inputs, and methods used to estimate the emissions benefits
reported in section (C).

i. Tailpipe emissions rates
This section (i) describes emissions from the vehicle itself.

CO, emission rates

A vehicle’s CO, emissions limit, as set by the LEV standards, is determined by the size of its footprint—
the area betweenthe points where its four tires touch the ground. Figure 4 shows MY 2025 LEV
standards to illustrate the relationship between footprint size and emissions limit. The standards allow
larger vehicles to emit more per mile than smaller vehicles.

Figure 4: LEV MY 2025 fleet average CO, emissions requirements

The LEV standard allows larger vehicles to emit more CO2 per mile than smaller ones.
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The MPCA used each model year’sfootprint-emission-rate relationship as exemplified in Figure 4 to
determine an average CO, emission rate for passenger carsand light-duty trucks based on an average
footprint size. We assumed an average footprint size for each vehicle type using U.S. EPA trend data?2°®
on light-duty vehicle sales. The average footprint size of all new LDVs sold over the last eleven model
years has hovered between47.9 and 50.4 square feet, and has increased, on average, by about 0.2%
annually (Figure 5). Preliminary EPA estimates for MY 2019 passenger car and light-duty truck average
footprint sizes are 46.7 and 53.6 square feet, respectively. These values were projected through MY
2034 ata 0.2% annual growth rate. This growthrateis consistent with the current general U.S. trend of

26 EPA 2018 Vehicle Trends Report data, T.3.5, https://www.epa.qov/automotive-trends/download-data-automotive-trends-
report
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larger light-duty vehicles making up increasing percentages of all light-duty vehicle sales. We assumed
average footprint sizes of new light-duty vehicle sales to be the same in the Reference and Clean Cars
scenario.

Figure 5: Average U.S. new vehicle footprintsize with “best-fit” line

A vehicle’s “footprint” (the area between the points where its wheels touch the ground) determines its COz emission limit.

Vehicles with larger footprints are allowed to emit more CO2 per mile. The average footprint size of light-duty passenger vehicles

has been increasing over time.
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As discussed in section 2(A), emissions ratesin the Reference scenario plateau after MY 2026 and those
in the Clean Cars scenario plateauafter MY 2025. The underlying assumption of anincreasing average
footprint size for both vehicle types therefore resulted in a very slight increase in emissions ratesin both
scenarios after the model years in which they plateau (Figure 6). Across all model years, passenger car
CO, emissions ratesin the Clean Cars scenario were, on average, 12% lower than those in the Reference
scenario; light-duty trucks emissions rateswere 16% lower.

Figure 6: CO; emission rates by ICE vehicle type and scenario

Proposed federal SAFE standards for CO, emissions (red) plateau after MY 2026, while LEV standards (blue) plateau after MY
2025. The MPCA’s assumed emission rates increase very slightly over time because of the assumption that the average vehicle
size (footprint) would increase slightly over time. Larger vehicles are allowed to emit more per mile.
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This analysis assumes manufacturers would comply exactly with their sales-weighted fleet-average
emissions standard and does not take into account the number or percentage of individual vehicle
models produced that may over-comply with their applicable CO2 emissions limits. Additionally, since
manufacturersare allowed to include EVs, which have no tailpipe emissions, when calculating their
fleet-wide average, the fleet-average system effectively allows internal combustion engine vehicles to
emit slightly more, on average, asmore EVs are produced. This means more EVs produced under a ZEV
rule does not necessarily meana greater CO2 benefit. Therefore we did not include any additional CO2
benefits from increased EV sales. While in practice, manufacturers may not comply exactly withthe
standards and may even over-comply, the MPCA determined it was not practical to attempt to estimate
over-compliance and that estimating the emissions benefits of exact compliance provides a reasonable,
but conservative estimate of benefits.

Particulate matter

In contrast to CO, tailpipe emissions standards, PM standards are enforced on a per-vehicle basis, rather
than as a fleet-average. Asaresult, more EVs produced under a ZEV rule would have an additional
emissions benefit, which we considered in our analysis.

Tailpipe PM emissions ratesin the Reference scenario were held at 0.03 grams/mile for all model years,
since this is the federal particulate emissions standard. Comparatively, LEV particulate emissions
standards require manufacturersto certify 100% of their fleet to the same 0.03 grams/mile in MY 2024,
but from MYs 2025 to 2028, require manufacturersto certify increasing percentages of their light-duty
fleet to 0.01 grams/mile. In the analysis, we treated the LEV PM standards like a fleet-average standard
for MYs 2024-2027, while the phase-in is taking place. In MY 2028, LEV requires 100% of a
manufacturer’sfleet to meet the 0.01 grams/mile standard. 2’ PM emissions benefits for model year
vehicles 2028-2034 were therefore evaluated on a per-vehicle basis, rather than as a fleet-average.
Tailpipe particulate emissions ratesinputs for the Clean Cars scenario are listed in Table 4, which were
based on LEV’srequired fleet percentages certified to the 0.03 and 0.01 grams/mile standard.

Table 4: PM emission rates

27 California LEV Regulations, section 1961.2(a)(2)(A), “Particulate Standards for Passenger Cars, Light-Duty Trucks, and
Medium-Duty Passenger Vehicles”.
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Model year Reference scenario Clean Cars scenario
2025 0.03 0.025

2026 0.03 0.02

2027 0.03 0.015

2028+ 0.03 0.01

Federal PM emission standards remain at 3 milligrams per mile, while LEV standards become more stringent over time.

We assumed that 88% and 89% of PM emissions from passenger cars and light-duty trucks, respectively,
would be particulate matter with a diameter of 2.5 micrometers or less (PM,s) in size, in order to
determine a PM, 5 reduction estimate for the health and equity analysis in Section 4. These percentages
are consistent with what is used in the EPA MOVES model.

NMOG + NOy

The MPCA held the NMOG + NOy tailpipe emission ratesfor passenger carsand light-duty trucks equal in
the Reference and Clean Cars scenarios because the federaland LEV standards for those pollutants are
the same and the federal standards for those pollutants were not changed in the final SAFE rule.?8
Therefore, there are no estimated reductions of these pollutants from vehicle tailpipe emissions
between the Reference scenario and the Clean Cars scenario. All estimated emissions benefits of these
pollutants reportedin this analysis are from reductions in upstream emissions.

ii. Fuel economy and upstream emissions rates

This section (ii) describes emissions from the extraction, transportation, and production of both liquid
fuels and fuels used in electricity generation.

Upstream emissions from ICE vehicles’ gasoline usage are dependent on a vehicle’s fuel economy (miles
per gallon). GHG emissions standards typically result in improvements in fuel economy because that s
the primary wayto reduce GHG emissions from ICE vehicles. The following equation, which is also
shown on the graph in Figure 7, was used to estimate fuel economy based on CO, emissions rates:

mpg = 8,339.1 X (CO, grams emitted per mile)~0-8°

Figure 7: CO; tailpipe emission rate conversion tompg

As CO; emission standards become more stringent (move to the left on the x-axis), fuel economy improves (miles per gallon gets
higher).

28 California LEV Regulations, section 1961.2(b)(1)(A), “Fleet Average NMOG + NOX Requirements for Passenger Cars, Light-Duty
Trucks, and Medium-Duty Passenger Vehicles”.
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This equation was derived using EPA data on real-world CO, grams emitted per mile and its relationship
with real-world fuel economy.2° The fuel economy estimate that resulted from converting the CO,
emission rate to miles per gallon (MPG) was used to estimate fuel savings in Section 3 of this analysis
about the costs and benefits to Minnesota consumers.

The MPCA used data from Argonne National Laboratory’s Alternative Fuel Life-Cycle Environmental and
Economic Transportation (AFLEET) Tool 2018 to calculate upstream emissions rates from electricity
generationand gasoline production.3° AFLEET is a module of Argonne’s Greenhouse gases, Regulated
Emissions, and Energy use in Transportation (GREET) model. Upstream emissions ratesfor ICE vehicles
are dependent on a vehicle’s fuel usage and its fuel economy (miles per gallon). The more fuel efficient a
vehicle, the less fuel it uses. The less fuel is used, the less gasoline production is required, meaning lower
emissions upstream. Similarly, upstream electricity generation emission ratesfor EVs were based on
mile per kWh of charge.

The MPCA used AFLEET gasoline assumptions to estimate upstream emissions from ICE vehicles. AFLEET
assumes a 10% ethanol blend for gasoline; therefore, when this analysis refers to “gasoline” it means a
10% ethanol-gasoline blend (E10). The MPCA assumed the gasoline blend would be the same in the
Reference and Clean Cars scenarios since the proposed rule does not affect biofuels standards. The
MPCA also held the 10% blend constant for each year of the analysis based on existing regulations.

AFLEET supstream emission data from gasoline production activities (e.g. extraction, transportation,
refining, etc. of materials) is given in gramsemitted per million British thermal units (mmBtu) of gasoline
produced. 3! Since our analysis was dependent on a gram/mile emission rate, we used the standard
conversion of 112,194 Btu per gallon of gasoline and a vehicle’s fuel economy to convert AFLEET’s

29 EPA 2018 Vehicle Trends Report data, T.3.1, https://www.epa.qgov/automotive-trends/download-data-automotive-trends-
report

30 The AFLEET 2018 spreadsheet tool can be downloaded at https://qreet.es.anl.gov/afleet tool.

31 A British thermal unit is a measure of the heat content of fuels or energy sources. One Btu isthe amount of heat, or energy,
needed to increase the temperature of a pound of water by one degree Fahrenheit.
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upstream emission rates from grams/mmBtuto a gram per mile equivalent.

Similarly, AFLEET upstream electricity generation emission datais given as gramsemitted per million
British thermal units (mmBtu) of electricity used, and includes the range of activities involved in
electricity generation (extraction, transportation, and burning of fuels). Using the standard conversion of
3,412.1 Btu per kWh, we converted AFLEET’s upstream electricity generation emission ratesfrom
grams/mmBtuto a gram per mile equivalent. The MPCA assumed an average of 3.4 miles/kWh for
electric vehicles. 32

To estimate future emissions from electricity generation in Minnesota, the MPCA relied on projections
and modeling conducted for two earlier evaluations: Minnesota Environmental Quality Board’s Climate
Strategies and Economic Opportunities (CSEQ) analysis and MPCA’s evaluation of U.S. EPA’s Clean Power
Plan in Minnesota. The MPCA’s projected average electricity generation mix is shown in Table 5; each
year’srow gives the percentage of electricity assumed to be generated from each source. Since MPCA’s
evaluation of the Clean Power Plan was only completed through 2030, the 2030 mix was used for all
subsequent years.

The historic and forecasted emissions in CSEO reflected electricity generationand planning in 2013. To
evaluate the impacts of the Clean Power Plan, the CSEO analysis was revised toinclude proposed
generation projects in Minnesota. Future projections of air emissions from Minnesota electric
generationunder the Clean Power Plan was completed in 2016, and included Xcel Energy’s plans for coal
plant closures in their 2015 integrated resource plan. 33

Table 5: Projected Minnesota electricity generation mix

Nuclear Others(wind,
Modelyear | Residual oil | Naturalgas | Coal power Biomass solar, hydro, etc.)
2025 0.3% 13.3% 31.3% 20.9% 2.5% 31.7%
2026 0.2% 13.8% 29.4% 21.3% 2.4% 32.9%
2027 0.2% 20.1% 24.0% 20.4% 2.2% 33.1%
2028 0.2% 19.0% 23.9% 20.7% 2.2% 34.0%
2029 0.2% 21.1% 22.8% 19.7% 1.7% 34.5%
2030 0.2% 20.8% 22.4% 19.7% 1.7% 35.1%
2031 0.2% 20.8% 22.4% 19.7% 1.7% 35.1%
2032 0.2% 20.8% 22.4% 19.7% 1.7% 35.1%
2033 0.2% 20.8% 22.4% 19.7% 1.7% 35.1%
2034 0.2% 20.8% 22.4% 19.7% 1.7% 35.1%

MPCA estimated that over time a greater proportion of electricity will be generated from renewables (Other) and natural gas,
while proportions from all other sources would decline. Since renewables emit less than other sources, emissions from electricity
generation to power an electric vehicle will decrease over time.

32 Based on data from the US Department of Energy Alternative Fuel Data Center, https://afdc.energy.qov,
33 CSEO documentation:
https://www.egb.state.mn.us/sites/default/files/documents/CCS%20Appendix%20with%20policy%20details%20and%20results.

pdf
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C. Emissions benefit results

The following sections describe the estimated emissions impacts of the proposed rules. The results also
include several sensitivity analyses that help describe the range of impactsthat might result from the
proposed rules. This section (C) describes the results of the MPCA’s emissions analysis. The previous
section (B) describes the data and inputs used to develop the emissions estimates.

i. Greenhouse gas benefits
The MPCA estimates the first 10 model years of implementation of the proposed rule would result in a
GHG emissions reduction of 8.4 million tons total, well-to-wheel, measured in carbon dioxide
equivalents (CO,e), of which 7.1 million tons would be reduced from vehicle tailpipes.

The Next Generation Energy Act (NGEA), passed by the Minnesota Legislature in 2007, set interimand
long-term goals for the reduction of GHG emissions in the state. NGEA established a goal for 2050 of an
80% reduction in GHG emissions from 2005 emission levels. To compare to sectors as identified in
MPCA’s GHG emissions inventory and to the NGEA goals, we must look just at tailpipe emissions.3* The
proposed rule is estimatedto result in a reduction of 1.2 million tons of tailpipe GHG emissions in the
year 2034, which equates to a 2.7% reduction from 2005 transportation GHG emission levels, and a 3.5%
reduction from 2005 levels of surface transportation emissions.

While the LEV standard is a GHG emissions standard, not a fuel economy standard, the primary method
for reducing GHG emissions from vehicles is to improve fuel economy. The MPCA estimates that the
proposed rules would also result in atotal upstream GHG emissions reduction of 1.3 million tons over
the 10 years leading up to 2034 from a reduction in upstream liquid fuel extraction, transportation, and
production, even after considering the upstream emissions from electricity generationto power
additional EVs. The reduced upstream emissions from liquid fuels would be the result of decreased fuel
demand caused by the increased fuel economy of average LEV-certified vehicles compared to average
federally-certified vehicles. The MPCA also estimated emissions associated with electricity generation
used to power EVs and the extraction, processing, and transportation of the fuel used for that
generation. Since the emissions from gasoline and electricity extractionand production may not
necessarily occur in Minnesota, these emissions benefits cannot be compared to the NGEA goals or the
MPCA’s GHG emissions inventory. The MPCA considered these emissions separately from vehicle
tailpipe emissions, which we can reasonably assume would mostly occur in Minnesota and can thus be
compared with the MPCA’s GHG inventory and the NGEA goals. However, GHGs are a global pollutant —
emissions anywhere have the same impact everywhere. For that reason, it isimportant to consider
upstream GHG benefits as well as local GHG benefits.

Emissions benefits of the proposed rules accumulate over time, since each year old vehicles with higher
emissions are replaced by either lower-emitting LEV-certified ICE vehicles, BEVs, or PHEVs. Each year’s
emissions benefit, therefore, is greater thanthe previous year’s, until about the mid-2040s (see section
2(C)(iii)). Figure 8 and Table 6 show how estimated well-to-wheel GHG emissions benefits grow over
time. The MPCA’s analysis estimatesthat by 2034 annual well-to-wheel net GHG emissions benefits
would be 1.4 million tons.

34 MPPCA’s GHG inventory captures categorizes emissions where they are produced. So emissions from the power sector are
attributed to the power sector, no matter the end use of the electricity. Emissions from the production of gasoline are attributed
to the point at which they occur.
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Figure 8: GHG emissions costs and benefits from the proposedrules over time (with average electricity
generation mix)

COze emissions benefits from the proposed rules accumulate over time, since each year old vehicles are replaced by lower-
emitting, more fuel-efficient LEV-certified ICE vehicles, BEVs, or PHEVs. Even with an estimated increase in GHG emissions from
electricity generation for additional EVsrequired by the rules, emissions benefits from tailpipes and a reduction in gasoline
production vastly exceed emissions costs. The net cumulative well-to-wheel CO2e emissions benefit ofthe rulesis estimated to
be 8.4 million tons reduced over the first 10 years of implementation.

2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
0.20

-0.20

-0.40

CO-e emissions (million tons)

B Upstream emissions cost (from electricity generation for additional EVs)
B Upstream emissions benefit (from reduced gasoline production)

M Tailpipe emissions benefit

Clean Cars Minnesota — Appendix 1: Technical support document 26



Table 6: GHG emissions costs and benefits from the proposed rules overtime (with average electricity
generation mix) in million tons

Model year 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034

Tailpipe emissions benefit | -0.16 | -0.30 | -0.43 | -0.55 | -0.67 | -0.79 | -0.89 | -0.99 | -1.09 | -1.20

Upstream emissions -0.04 | -0.08 | -0.12 | -0.15 | -0.18 | -0.21 | -0.24 | -0.26 | -0.28 | -0.30
benefit (fromreduced
gasoline production)

Upstreamemissionscost | 0.02 | 0.03 0.04 0.05 0.06 0.07 0.07 0.07 | 0.08 0.07
(fromelectricity
generationfor additional
EVs)

ii. Projected greenhouse gas benefits beyond 2034
GHG emissions benefit estimates from the proposed rule begin in MY 2025, the first model year the
proposed rule could potentially be implemented, and grow each subsequent year as each year more of
the older, higher-polluting vehicles are replaced with LEV-certified ICE vehicles, BEVs, and PHEVs, and
the vehicles sold in previous years since implementation began continue to emit at a lower rate than
they would without the standards in place. Estimated annual emissions benefits for MYs 2025-2034,
when plotted on a graph, perfectlyfit a negative quadratic curve (a downward-opening u-shaped curve).
Using the equation of the quadratic curve in which they fit, we projected GHG emissions benefits
beyond 2034 up to the maximum annual benefit. The model year in which the maximum annual tailpipe
emissions benefit occursis 2052. This result is consistent with when we would expect complete fleet
turnover to occur: there would be about 25-30 years of implementation before all passenger vehicles
operating on the roads would be either LEV-certified or an EV.

Maximum annual projected tailpipe GHG reductions beyond 2034 are estimatedto be 2.0 million tons
annually, equating to a 5.9% reduction from 2005 surface transportation emissions.

While the MPCA focused our analysis on the first 10 years of implementation of the proposed rules, it is
important to note the fact that estimated annual GHG emissions benefits are still increasing at the 2034
model-year mark.

iii. Emissions benefits of other air pollutants
The federal and LEVNMOG + NOy tailpipe emission standards are equivalent; the SAFE rule does not
change the federal passenger carand light-duty truck emissions standards for non-GHG pollutants.
Therefore, our analysis assumes equal NMOG + NOy tailpipe emissions rates in the Clean Cars scenario
and the Reference scenario. However, LEV PM standards become more stringent than federal PM
standards startingin MY 2025 and grow increasingly stringent until MY 2028. Our analysis also considers
upstream NMOG + NOy and PM emissions from electricity generation and fuel production.

As with GHGs, emissions benefits of NMOG + NOx and PM from the proposed rules grow over time,
since eachyear old vehicles with higher emissions are replaced by either lower-emitting LEV-certified
ICE vehicles, BEVs, or PHEVs. MPCA’s analysis indicates that implementation of the proposed rules
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together would result in an annual well-to-wheel emission reduction of 998 tons of NMOG + NOy and
637 tons of PM in 2034. These well-to-wheel emissions reductions equate to 6,059 tons of NMOG + NOy
and 3,245 tons of PM reduced over the first 10 years of the rule. Over the first 10 years, our analysis
estimatesthe proposed rules would reduce PM tailpipe emissions by 3,032 tons. These results are
presented in Figures 9 and 10 and Tables 7 and 8. It is particularlyimportant to consider tailpipe
emission reductions because of theimmediate exposure that these emissions have tohuman
populations.

Figure 9: NMOG + NOx emissions costs and benefits from the proposed rules over time (withaverage electricity
generation mix)

NMOG + NOx emissions benefits from the proposed rules accumulate over time, since each year old vehicles are replaced by
more fuel-efficient LEV-certified ICE vehicles, BEVs, or PHEVs. Even with an estimated increasein NMOG + NOx emissions from
electricity generation for additional EVsrequired by the rules, emissions benefits from a reduction in gasoline production vastly
exceed emissions costs. The net cumulative well-to-wheel NMOG + NOx emissions benefit ofthe rules is estimated to be 6,059
tons reduced over the first 10 years of implementation.

2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
200

0 —
]

-200

-400

-600

-800

NMOG + NOy emissions (tons)

-1000

-1200

B Upstream emissions cost (from electricity generation for additional EVs)
W Upstream emissions benefit (from reduced gasoline production)

M Tailpipe emissions benefit

Table 7: NMOG + NOxemissions costs and benefits fromthe proposedrules over time (with average electricity
generation mix) in tons

Model year 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034

Tailpipe emissions | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
benefit

Upstream -153.2 | -284.7 | -409.4 | -526.3 | -634.6 | -733.4 | -823.1 | -905.0 | -981.9| -10569
emissions benefit
(fromreduced
gasoline
production)
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Model year 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034

Upstream 13.3 24.3 34.0 41.6 48.3 52.9 56.8 59.1 59.8 59.0
emissions cost
(fromelectricity
generationfor
additional EVs)

Figure 10: PM emissions costs and benefits from the proposedrules over time (with average electricity
generation mix)

PM emissions benefits from the proposed rules accumulate over time, since each year old vehicles with higher emissions are
replaced by either lower-emitting LEV-certified ICE vehicles, BEVs, or PHEVs. Even with an estimated increase in PM emissions
from electricity generation for additional EVs required by the rules, emissions benefits from tailpipe emissions and a reduction in
gasoline production vastly exceed those emissions costs. The net cumulative well-to-wheel PM emissions benefit of the rules is
estimated to be 3,245 tonsreduced over the first 10 years of implementation.
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Table 8: PM emissions costs and benefits fromthe proposedrules over time (with average electricity generation
mix) in tons

Model year 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034

Tailpipe emissions

! -20.6 | -60.9 | -120.1| -198.7| -273.3| -343.6 | -409.8 | -472.9 | -534.8 -597.7
benefit

Upstream -8.0 -149 |(-214 | -275 | -33.1 |-383 |-430 |-473 |-51.3 | -55.2
emissions benefit
(fromreduced
gasoline
production)
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Model year 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034

Upstream 4.6 8.4 10.3 12.9 13.1 14.3 15.4 16.0 16.2 16.0
emissions cost
(fromelectricity
generationfor
additional EVs)

More stringent GHG emissions standards typically result in improvements in fuel economy, which means
less fuel is used by a vehicle, and less frequent refueling frequent. Volatile organic compounds (VOCs)
are emitted during the refueling process. While the MPCA did not quantify the emission benefits from
reduced refueling, there would be additional emissions and health benefits associated with less
frequent refueling and less exposure to emissions at gas stations.

iv. Sensitivity analyses
This section (iv) describes additional analyses that the MPCA conducted by adjusting certaininputs into
the analysis to understand how emissions benefits might change under different future scenarios.

Sensitivity: proportion of passenger cars versus light-duty trucks

In both the Reference and Clean Cars scenarios, our analysis assumes the make-up of annual new
vehicle sales to be 25% passenger carsand 75% light-duty trucks for all future model years. Auto
Alliance vehicle sales data, covering MYs 2014-2018, provided to the MPCA showed anannually
decreasing car production share. The car production share is the percentage of new light-duty vehicle
sales that are cars versus light-duty trucks. Car production share startedat 40% in MY 2014 and ended
atabout 21% in MY 2018. The MPCA held a 25%/75% split constant for all future model years instead of
continuing a downward trend. This decision was made because while the Auto Alliance data covered just
four model years of data, national EPA data3° going back to 1975 showed periods of both increasing and
decreasing car production shares. This data suggests it is difficult to predict with any degree of certainty
what the car production share will be each model year comparedto the last, especially over the next 14
years. It is not reasonable to assume the dramatic annual decrease car production share in the Auto
Alliance data would continue, especially since it would result in a car production share of about 0% in
2024.

However, during the Request for Comments period, MPCA heard comments that the actual current
percentage of total sales that are passenger cars could be as low as 20%, with 80% light-duty trucks
sales. 3¢ The MPCA therefore conducted a sensitivity analysis to understand how emissions benefit would
change based on different levels of carand light-duty truck production shares. A 20% car production
share results in an additional 0.2 tons of tailpipe GHG emissions benefit over the first ten years of
implementation, which increases the GHG 10-year emissions benefit by about 3%. The reason for the
increased GHG emissions benefit is that the difference between emissions from a LEV-certified light-
duty truck and a federally certified light-duty truck is greater thanthe difference between emissions
from a LEV-certified passenger car compared to a federally certified passenger car. Passenger car CO,

35 EPA 2018 Vehicle Trends Report data, T.3.1, https://www.epa.gov/automotive-trends/download-data-automotive-trends-

report
36 Comment by MADA made during the RFC period, at page 3 (December 6, 2019)
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emissions ratesin the Clean Cars scenario are 12% lower than those in the Reference scenario and light-
duty trucks emissions rates are 16% lower, so thereis a greater reduction achieved for every LEV-
certified light-duty truck sold than a LEV-certified passenger car. Assuming a 25%/75% split for all future
model years, therefore, may provide a conservative estimate of GHG emissions benefits.

Sensitivity: Marginal fuel mix

In both the Reference and Clean Cars scenarios, the MPCA estimated upstream and well-to-wheel
emissions impacts of electricity generation to fuel EVs based on the average mix of electricity generation
sources in Minnesota. Table 5 in section 2(B)(ii) gives the projected annual average mixes of oil, natural
gas, coal, nuclear, biomass, and renewables used in the analysis.

An alternative method for evaluating power sector emissions related to the adoption of EVs is to use the
marginal fuel mix. The “marginal fuel” refers to the energy source thatis brought on to the grid atany
moment to power additional demand for electricity. In Minnesota, currently the marginalfuel is most
often coal and natural gas, and occasionally wind. To consider the worst-case upstream emissions
impacts, one in which the emissions from EVs are attributed to those from the marginalfuel rather than
the average mix, the MPCA analyzed a scenario assuming 50% of the electricity for EVs might come from
coal and 50% from natural gas. There are not existing projections for future marginalfuels, so this
assumption was based on data from the Minnesota Department of Commerce on MISO marginal fuels in
2017 and excludes wind energy in order to represent a worst-case scenario.

Using this fuel mix, the accumulated 10-year GHG upstream emissions benefit is reduced by 53%, from
1.3 million tons to 0.6 million tons. This reduces the 10-year GHG well-to-wheel emissions benefit from
8.4 to 7.7 million tons, and the 2034 GHG well-to-wheel benefit from 1.4 to 1.3 million tons (Figure 11
and Table 9). Despite this reduction in benefit, the analysis shows a net upstream GHG benefit ofthe
proposedrule because theincreased emissionsfrom electricity generation do not exceed the
reduction in emissions fromreduced liquid fuel production.Similarly, upstream NMOG+NOy and PM
benefits would still be positive when using the worst-case fuel mix, but are reduced by 7% and 3%,
respectively (Figures 12 and 13 and Tables 10 and 11).

These estimates represent a worst-case upstream emissions scenario for several reasons: the electricity
grid is expected to get cleaner over time, which means that the marginal fuel will likely be cleaner over
time as well; excluding wind most likely underestimates its influence as a marginal fuel; and it is likely
that, because of population, a majority of EV sales would occur in the Twin Cities metropolitanarea,
which is largelyin Xcel Energy’sservice territory, which generally has a cleaner marginal mix than the
rest of the state.
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Figure 11: GHG emissions costs and benefits fromthe proposed rules overtime (with marginal electricity

generation mix)

Using a worst-case marginal fuel mix (instead of an average) of 50% coal and 50% natural gas to estimate the upstream
emissions costs from electricity generation for additional EVs required by the rules reduces the overall 10-year well-to-wheel
GHG emissions benefit from 8.4 to 7.7 million tons. Despite this reduction in benefit, emissions from electricity generation do not
exceed the tailpipe and gasoline production GHG emissions benefits.
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Table 9: GHG emissions costs and benefits from the proposed rules overtime (with marginal electricity
generation mix) in million tons

Modelyear

2025

2026

2027

2028

2029

2030

2031

2032

2033 | 2034

Tailpipe emissions
benefit

-0.16

-0.30

-0.43

-0.55

-0.67

-0.79

-0.89

-0.99

-1.09 | -1.20

Upstream
emissions benefit
(fromreduced
gasoline
production)
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Figure 12: NMOG + NOxemissions costs and benefits fromthe proposedrules overtime (with marginal
electricity generation mix)

Using a worst-case marginal fuel mix (instead of an average) of 50% coal and 50% natural gas to estimate the upstream
emissions costs from electricity generation reduces the overall 10-year well-to-wheel NMOG + NOx emissions benefit from 6,059
to 5,618 tons. Despite this reduction in benefit, emissions from electricity generation do not exceed emissions benefits from
reduced gasoline production.
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Table 10: NMOG + NOxemissions costs and benefits from the proposed rules overtime (with marginal electricity
generation mix) in tons

Model year 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Tailpipe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

emissions
benefit

Upstream -153.2 | -284.7 | -409.4 | -526.3 | -634.6 | -733.4 | -823.1 | -905.0 | -981.9 | -1056.9
emissions
benefit (from
reduced
gasoline
production)

Upstream 243 46.1 65.3 81.8 95.5 1064 1141 118.7 120.1 118.6
emissions
cost(from
electricity
generation
for additional
EVs)
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Figure 13: PM emissions costs and benefits from the proposedrules over time (with marginal electricity

generation mix)

Using a worst-case marginal fuel mix (instead of an average) of 50% coal and 50% natural gas to estimate the upstream
emissions costs from electricity generation reduces the overall 10-year well-to-wheel PM emissions benefit from 3,245 to 3,238

tons.
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Table 11: PM emissions costs and benefits from the proposed rules overtime (with marginal electricity
generation mix) in tons

Modelyear
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Tailpipe
emissions
benefit

-20.6 -60.9 -120.1 | -198.7 | -273.3 | -343.6 | -409.8 | -472.9 | -534.8 | -597.7
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production)
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cost(from
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generation
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EVs)
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3. Costs and benefits to Minnesota consumers

Adoption of the proposed rule would result in economic impactsto Minnesota consumers. Individuals
purchase new vehicles as do a wide variety of organizations, including businesses, non-profit
organizations, and all levels of government. All of these groups would experience essentially the same
per-vehicle costs and benefits.

The MPCA analyzed the economic impacts of the proposed LEV and ZEV standards separately. Each
would have economic impacts on new vehicle purchasers. The mechanisms for these impacts would be
different for the LEV standard compared to the ZEV standard. Hence, this analysis first evaluatesthe
likely costs and benefits of the LEV standard for purchasers and then considers the likely additional costs
and benefits of ZEV standard. In other words, the Reference scenario for the LEV standard analysis is a
future Minnesota without the LEV standard and with the anticipated federal standards instead, while
the Reference scenario for the ZEV standard analysis is a future Minnesota with a LEV standard already
in place.

A. LEV standard consumer impact analysis

As with the emissions analysis, this economic analysis assesses the costs and benefits of the proposed
LEV standard (Clean Cars Minnesota scenario) compared with the costs and benefits of the federal SAFE
rule. As described above in Section 2, the final SAFE rule reduces the stringency of federal GHG
emissions standards for MYs 2021 through 2026.

The analysis of consumer costs and benefits from adoption of the LEV standard was conducted based on
analysis underlying the EPA’s January 2017 Final Determination on the Appropriateness of the Model
Year 2022-2025 Light-Duty Vehicle Greenhouse Gas Emissions Standards under the Midterm Evaluation
and the proposed SAFE rule as published in August 2018. This data was the best available when the
MPCA was developing our analysis. On April 30, 2020, EPA and NHTSA published in the Federal Register
their final SAFE rule and related regulatory analysis. The MPCA examined our existing analysis against
data provided in the final SAFE rule Final Regulatory Impact Analysis and found that the conclusions of
that review to be very close to the conclusions of our existing analysis. Infact, the comparison indicated
that the conclusions of our existing analysis featured here were smaller than the conclusions drawn
from the final SAFE rule regulatoryanalysis and thus itis possible that the MPCA’s analysis may be
under-predicting the benefits of the LEV standard. Since the conclusions were similar and ours were
conservative compared to the alternative methods, the MPCA determined it was not necessary to re-run
our entire analysis to update it based on the final SAFE rule regulatory analysis. Results from this review
areincluded in the following analysis.

The costs and benefits of complying with the current GHG standards for MY 2022-2025 and beyond have
already been exhaustively analyzed in the various technical analyses conducted prior to the January
2017 Final Determination on the Appropriateness of the Model Year 2022-2025 Light-Duty Vehicle
Greenhouse Gas Emissions Standards under the Midterm Evaluation (hereafter, “January 2017 Final
Determination”)37 and in the subsequent Preliminary Regulatory Impact Analysis (PRIA) supporting the
SAFE Rule. 38 As the primary source for expected costs to consumers of the LEV standard in Minnesota,
we considered both the analysis in the January 2017 Final Determinationaswell as in the SAFE Rule
PRIA. After thorough review of these two data sources, we deemed the January 2017 Final

37 Available at: https.//nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100QQ91.pdf
38 Available at: https.//www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_co2_nhtsa_2127-
al76_epa_pria_181016.pdf
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Determinationas the more reasonable and credible source. The analysis supporting the proposed SAFE
rule has been widely criticized, including by the EPA’s own Science Advisory Board, 3? as well as by the
National Association of Clean Air Agencies*® and a consortium of 26 statesand U.S. cities that includes
Minnesota. 4!

Given the general acceptance of the credibility of the January 2017 Final Determination analysis, the
MPCA deemed the costs and benefits derived from the technical analysis underlying the January 2017
Final Determinationtobe the most reasonable source for economic impact analysis in Minnesota. The
data from this analysis has been customized using Minnesota-specific historical data and future
projections regarding light-duty vehicle sales, the mix between passenger cars and light-duty trucks in
Minnesota, expected VMT per vehicle in Minnesota, and projected gasoline prices in Minnesota.

On April 30,2020, EPA and NHTSA published the final Safer Affordable Fuel-Efficient (SAFE) Vehicles
Rule for Model Years 2021-2026 Passenger Cars and Light Trucks*2 as well as a Final Regulatory Impact
Analysis (FRIA)*3 for the rule that, among other things, analyzed the impacts on consumers of rolling
back the previous standards. Inaddition to the January 2017 Final Determination, the MPCA has
considered the analysis of costs and benefits to consumers in the SAFE FRIA. The MPCA uses the data
from the January 2017 Final Determination as our core analysis because that data and analysis has
undergone thorough review and is broadly accepted as reasonable. The SAFE FRIA data and analysis are
very recent, very different from the PRIA, and have not undergone thorough peer review. For these
reasons, the MPCA includes analysis of the costs and benefits of the Clean Cars Minnesota rule using the
data from the FRIA as an alternative sensitivity to help understand the full range of potential costs and
benefits of the proposed rule.

In order to meet the LEV GHG emissions standards, manufacturerswould need to use additional
advanced technologies. Employing these advanced technologies would probably increase the costs of
manufacturing vehicles relative to what would be required under the SAFE Rule. Consistent with the
analyses for the January 2017 Final Determination, in this analysis the MPCA assumes all of the per-
vehicle technology costs would be passed along to new vehicle purchasers.

While the LEV standards and the current federal standards establish GHG emissions standards by model
year, they do not prescribe the technologies that must be used in order to meet these standards.
Rather, they provide the manufacturers with flexibility on which technologies to employ to meet the
standards. This allows manufacturesto identify the most cost-effective options that can be employed
for different vehicles to meet the standards. Additionally, the LEV standard (and the current federal
rules) provide various other compliance flexibilities, including separate standards for trucks and cars,
sliding compliance standards based on the size of the vehicles that a manufacturer sells, banking of
credits, and trading of credits between manufacturers.

While these various flexibilities allow manufacturersto maximize the cost effectiveness of their
compliance strategies, they create significant complexities in estimating the potential costs to comply
with the applicable standards. To address these complexities, the EPA uses its own in-house developed
vehicle technology/cost model, the Optimization Model for Reducing Emissions of Greenhouse Gases

39 See: https.//www.eenews.net/assets/2020/01/02/document_gw_06.pdf

40 See: 4cleanair.org/sites/default/files/Documents/NACAA_COMMENTS-EPA_NHTSA_LDV_NPRM-102618.pdf

41 See: https.//oag.ca.gov/system/files/attachments/press-docs/states-and-cities-detailed-comments.pdf

42 Available at: https.//www.govinfo.gov/content/pkg/FR-2020-04-30/pdf/2020-06967.pdf

43 Available at: https.//www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/final_safe fria_web_version_200330.pdf
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from Automobiles (OMEGA) model.** The OMEGA model is optimized to calculate vehicle compliance
costs based on the types of technologies used to achieve GHG emissions compliance, and the use of
those technologies in a projected modeled fleet. EPA used the OMEGA model in the original 2012
rulemaking for MY 2017 and later light-duty vehicle GHG emissions standards as well as in the various
analyses supporting the January 2017 Final Determinationto determine the vehicle technology costs
associated with complying with the federal and LEV GHG standards. These costs were determined for
various model years, and were broken out as costs for cars, costs for light-duty trucks, and average costs
per vehicle based on the national average car/truck fleet mix. We used these costs to generate average
vehicle costs by model year of complying with the LEV standard in Minnesota relative to the SAFE Rule,
using a Minnesota-specific car/truckfleet mix of 25%/75%. We then used these per-vehicle costs and
applied themto estimated Minnesota new vehicle sales for MY 2025-2034. To determine new vehicle
sales, we used MY 2019 sales data from the Auto Alliance, the most recent year for which complete and
accurate new vehicle sales datais currently available. Future new vehicle sales were projected to grow
or decline in each year from MY 2020 through MY 2034, in accordance with annual projections of
Minnesota vehicle sales used in MnDOT’s Pathways report.

As discussed in section 1(C), this analysis assumes the total number of light-duty vehicles sold in
Minnesota are equal in both the Clean Cars Minnesota scenario and in the Reference scenario, since
thereis not clear evidence linking emissions standards, upfront costs of vehicles, fuel economy, or other
specific factors with overall vehicle purchasing rates. The Minnesota new vehicle sales estimations for
the time horizon of this analysis (MY 2025-2034) are presented in Table 12.

Table 12: Projected Minnesota new light-duty vehicle sales for passenger cars and light-duty trucks

Cars (number of Trucks (number of | Fleet (numberof
Modelyear vehicles) vehicles) vehicles)
2025 63,346 190,038 253,385
2026 62,776 188,328 251,104
2027 61,960 185,880 247,840
2028 60,845 182,534 243,379
2029 59,384 178,153 237,538
2030 57,662 172,987 230,649
2031 56,221 168,662 224,883
2032 55,658 166,975 222,634
2033 56,660 169,981 226,641
2034 59,267 177,800 237,067
TOTAL 593,779 1,781,338 2,375,118

From a starting point of MY 2019 new vehicle sales in Minnesota, the MPCA projects future model year sales based on
projections used in MnDOT’s Pathways report.

i. Estimated per-vehicle technology costs for the LEV standard
To determine the per-vehicle and cumulative vehicle technology costs to comply with the LEV standard
in Minnesota based on the analysis supporting the January 2017 Final Determination, the MPCA started

44 See: https://www.epa.gov/regulations-emissions-vehicles-and-engines/optimization-model-reducing-emissions-greenhouse-
gases
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with the per-vehicle costs for cars and light-duty trucks listed in Table IV.4 of the Proposed
Determination on the Appropriateness of the Model Year 2022-2025 Light-Duty Vehicle Greenhouse Gas
Emissions Standards under the Midterm Evaluation (hereafter, “Proposed Determination”).*> As
reflectedin that table, the incremental costs of complying with the MY 2025 standards relative to the
MY 2021 standards is $749 for carsand $1,018 for trucks.

Since the proposed SAFE rule would have frozen emissions standards at 2020 levels, to compare vehicle
costs under a LEV standard to what would have been the case under the proposed SAFE rule, the MPCA
needed to estimate the potential per-vehicle costs of the proposed LEV standard as it diverges from the
proposed SAFE rule starting after MY 2020. Therefore, the Proposed Determination estimatesare not
sufficient for this analysis because they do not provide an annual estimation of incremental costs and do
not startat MY 2020. First, to calculate the incremental cost of transitioning from MY 2020 to MY 2021
standards, the MPCA took the totalincremental costs of meeting the MY 2021 standards, relative to the
MY 2016 standard, ¢ and divided by five, assuming a linear increase in costs during the five years from
MY 2016—-2021. Based on this calculation the incremental cost of going from MY 2020to MY 2021 would
be $78 for carsand $106 for trucks. We then summed these costs with the incremental costs from MY
2021 through MY 2025 to get a totalincremental cost of transitioning from MY 2020 standards to MY
2025 standards. Assuming a linear increase, the MPCA calculated costs for MY 2022, MY 2023, and MY
2024. We then calculatedthe increased cost for an average Minnesota vehicle, a weighted average of
25% of new light-duty vehicles sold in Minnesota being passenger cars and 75% light-duty trucks.

Table 13 lists the final per-vehicle technology costs for cars, trucks, and an average Minnesota vehicle.

Table 13: Projected per-vehicle technology costs (in 2018 dollars) for complying with LEV, based on the January
2017 Final Determination analysis

Average Minnesota
Model year Cars Light-duty trucks | vehicle
2025 897 1,219 1,139
2026 897 1,219 1,139
2027 897 1,219 1,139
2028 897 1,219 1,139
2029 897 1,219 1,139
2030 897 1,219 1,139
2031 897 1,219 1,139
2032 897 1,219 1,139
2033 897 1,219 1,139
2034 897 1,219 1,139

45 Proposed Determination at 38. Available at https://nepis.epa.qov/Exe/ZyPDF.cqi?Dockey=P100Q3D0.pdf. As
reflected in the January 2017 Final Determination, the EPA Administrator determined that no information was
presented in publiccomments on the Proposed Determinationthat materially changedthe analysis presented in the
Proposed Determination therefore the Administrator relied on the Proposed Determination analysisin the January
2017 Final Determination (https.//nepis.epa.qov/Exe/ZyPDF.cqi?Dockey=P100QQ91.pdf). January 2017 Final
Determination at 3.

46 |d.
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Once the LEV standards level off, starting in MY 2025, on average a Minnesota LEV-certified vehicle would entail S1,139 higher
technology costs relative to a vehicle certified under the proposed SAFE rule, which would be the equivalent of a vehicle certified
under the current MY 2020 standards.

To calculate the cumulative vehicle technology costs of adopting the LEV standard, the MPCA multiplied
the per-vehicle costs in Table 13 by the expected number of new vehicle sales listed in Table 12. These
cumulative costs by model year and during the 10-year period from MY 2025-2034 are presented in
Table 14.

Table 14: Projected cumulative technology costs for complying with the LEV standard, based on the January
2017 Final Determination analysis

Light-duty trucks
Cars (millions of (millionsof2018 | Fleet (millionsof2018
Modelyear 2018 dollars) dollars) dollars)
2025 56.8 231.7 288.5
2026 56.3 229.6 285.9
2027 55.6 226.6 282.2
2028 54.6 222.5 277.1
2029 533 217.2 270.4
2030 51.7 210.9 262.6
2031 50.4 205.6 256.0
2032 499 203.5 253.5
2033 50.8 207.2 258.0
2034 53.2 216.7 269.9
TOTAL 532.6 2,171.5 2,704.1

Over 10 years, technology costs associated with complying withthe LEV standard in Minnesota is expected to reach a total of
S2.7 billion more than the proposed SAFE rule.

Consistent with the analyses for the January 2017 Final Determination, the MPCA assumes that these
technology costs would be passed on to new vehicle purchasers. There may be other costs that could be
passed on to consumers beyond technology costs. For instance, there may be costs associated with
dealers who currently trade with other dealerships outside of Minnesota. Itis possible there would be
additional transportation costs for tradessince dealers in surrounding states would not be required to
sell LEV-compliant vehicles. While this is a possibility, the MPCA has not found, and dealers did not
submit during comments, information on how many trades Minnesota dealers engage in with dealers in
surrounding states, whether the out-of-state dealers that engage in these trades would stock LEV-
compliant vehicles in order to serve the Minnesota market, whether current out-of-state tradescould
be replaced with in-state trades, or what any potential increased costs would be for obtaining a vehicle
from an out-of-state dealer that does stock LEV-certified vehicles, the manufacturer, or an in-state
dealer. Thus, these potential costs cannot be reasonably quantified.

ii. LEV standard per-vehicle cumulative costs and benefits over vehicle lifetimes
As a result of the increased vehicle technology costs, vehicle purchasers would be likely to incur
additional direct costs in the form of increased sales tax at the time of the purchase, and ongoing
increases in the price of vehicle insurance and vehicle maintenance costs over the life of the vehicle.
Offsetting these increased costs, however, GHG emissions standards typically result in fuel economy
improvements, so vehicle purchasers are likely to realize ongoing fuel savings over the life of their
vehicles.
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EPA reports the per-vehicle consumer costs and fuel savings benefits of maintaining the MY 2022-2025
GHG standards on pages41-43 of the Proposed Determination document. Table 1V.10 of the Proposed
Determination lists costs and fuel savings benefits for a cash-purchased MY 2025 vehicle on a yearly
basis during the first eight years of vehicle ownership. The table estimates the cost of fuel based on the
AEO projections, assumes a cash purchase, and a discount rate of 3% and is presented in Table 15. A
“discount rate” is used to convert costs or benefits that will happen in the future into present value
terms, which are how much the future costs or savings are worth to the consumer presently. For
example, a 3% discount rate (used in Tables 15 and 16) means the average consumer would value a
$100 cost or saving that will happen a year from now at $97.08, $94.26 two years in the future, and
$74.41ten yearsin the future. Using a higher discount rate representsa scenario where future costs or
savings are less valued by the consumer in the present. Using a lower discount rate, inturn, represents a
scenario where future costs or savings are more valued by the consumer in the present than if a higher
discount rate was used. When future costs and benefits are monetary, as is the case in this analysis, the
discount rateis very similar to an interest ratein that it is parallel to how much interest the consumer
could earnfrom deferring a cost into the future. The MPCA often assumes a 3% annual discount rate,
which is close to current high-yield interest rates. Some federal guidance on cost-benefit analyses
recommends using both 3% and 7% discount rates.*” The choice of a discount rateis fraught with
complexity and involves judgements about how people value the future relative to the present. To
bookend the analysis and provide a reasonable range of LEV standards economic impacts, MPCA
analyzedthe net costs and benefits of the rule using both a 3% discount rate and a 7% discount rate.

Table 15: Payback period for the sales-weighted average MY 2025 vehicle relative to the reference case
standards, AEO 2016 Reference Fuel Price Case, Cash Purchase (3% discounting, 2015 dollars)

Delta

purchase

costs (cost of Cumulative

vehicle plus Delta delta

Delta cost Delta taxesand maintenance | Deltafuel operating

Year of per Deltataxes | insurance insurance) per | costs per costs per costs per
ownership | vehicle per vehicle | pervehicle | vehicle vehicle vehicle vehicle
1st $863 S47 $16 $926 S6 -$238 $693
2nd SO SO S15 $15 S6 -$232 S483
3rd SO SO S14 S14 S5 -$223 $279
4th SO SO S13 S13 S5 -$213 $85
5th SO SO S12 S12 S5 -$202 -$100
6th SO SO S11 S11 S5 -$189 -$274
7th SO SO $10 S10 S4 -$178 -$437
8th SO SO S9 S9 S4 -$166 -$589

“Delta” refers to the added cost of a new vehicle compliant with MY 2025 GHG emissions standards relative to a vehicle
compliant with MY 2021 standards. Apositive value indicates an added cost of the lower-emitting vehicle while a negative value
indicates a savings for the lower-emitting vehicle. As the table shows, due to fuel costs savings, the average consumer has
recouped the cost ofthe initial higher vehicle purchase price by the fifth year of vehicle ownership.

Table 1V.11 of the Proposed Determination document lists the same information for a MY 2025 vehicle
purchased using a five year loan with a 4.25% interest rate instead of assuming a cash purchase. Many

47 Office of Management and Budget’s Circular A-4, https://obamawhitehouse.archives.gov/omb/circulars_a004_a-4/

Clean Cars Minnesota — Appendix 1: Technical support document 40



Minnesotans rely on loan financing to purchase their new vehicles and these are typical terms for
vehicle loans in Minnesota. Thus for new-vehicle buyers that use loan financing to purchase their
vehicles instead of paying the entire cost of the vehicle up front, the information from Table IV.11,
presented in Table 16, may be a more accurate reflection of the Minnesota new vehicle purchaser’s
costs of a lower-emitting vehicle (MY 2025 compliant) versus a higher-emitting vehicle (MY 2021
compliant). As the table shows, even though the cumulative savings of the lower-emitting vehicle are
lower over the eight years of ownership compared to a cash vehicle purchase (Table 16), the average
purchaser of the lower-emitting vehicle still experiences cost savings in every year of ownership.

Table 16: Payback period for the sales-weighted average MY 2025 vehicle relativeto the reference case
standards, AEO 2016 Reference Fuel Price Case, 5-year (60 Month) Loan Purchase (3% discounting, 2015 dollars)

Delta Cumulative
Delta purchase maintenance |Deltafuel [deltaoperating

Year of Delta cost per|Deltataxes |Deltainsurance|costs per costs per costs per costs per
ownership |vehicle per vehicle |pervehicle vehicle vehicle vehicle vehicle
1st $863 S47 S16 $217 S6 -$238 -$16
2nd SO SO $15 $209 S6 -$232 -$32
3rd SO SO S14 $201 S5 -$223 -$49
4th SO SO $13 $193 S5 -$213 -$64
5th SO SO $12 $184 S5 -$202 -$78
6th SO SO S11 S11 S5 -$189 -$251
7th SO SO S10 S10 S4 -$178 -5414
8th SO SO $9 S9 S4 -$166 -$567

When loan financing is used to purchase a new-vehicle, the consumer experiences savings of a lower-emitting vehicle during
every year of ownership due to fuel savings outweighing increased purchase cost, taxes, and maintenance.

Table 17 shows the same information as Table 15 using a 7% discount rate. Table 18 shows the cost and
savings information using a 7% discount rate and a 72 month loan purchase. The figures in Tables 17 and
18 are from Table C.66 and Table C.71 in the appendix to the Proposed Determination document.

Table 17: Payback period for the sales-weighted average MY 2025 vehicle relative to the reference case
standards, AEO 2016 Reference Fuel Price Case, Cash Purchase (7% discounting, 2015 dollars)

Delta Cumulative
Delta purchase [maintenance [Deltafuel [delta

Year of Delta cost per|Deltataxes [Deltainsurance|costs per costs per costs per operating costs
ownership |vehicle per vehicle |pervehicle vehicle vehicle vehicle per vehicle
1st $846 S46 S16 $908 S6 -$234 $680
2nd SO SO $15 $15 S5 -$219 $481
3rd SO SO $13 $13 S5 -$203 $296
4th SO SO S12 S12 S5 -$186 $126
5th SO SO S10 $10 S4 -$170 -$30
6th SO SO $9 $9 S4 -$153 -$170
7th SO SO $8 S8 S3 -$139 -$298
8th SO SO S7 S7 S3 -$125 -$412
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With a high discount rate, future fuel savings are worth less to the consumer relative to increased up-front purchase costs.

Nonetheless, even with a high discount rate, the consumer of a lower-emitting vehicle recoups their increase up-front costs by
thefifth year of ownership.

Table 18: Payback period for the sales-weighted average MY 2025 vehicle relative to the reference case

standards, AEO 2016 Reference Fuel Price Case, 6-year (72 Month) Loan Purchase (7% discounting, 2015 dollars)

Cumulative
Delta Delta delta

Delta purchase maintenance | Deltafuel | operating
Year of Delta cost Deltataxes | insurance costs per costs per costs per costs per
ownership pervehicle | pervehicle | pervehicle | vehicle vehicle vehicle vehicle
1st $862 S47 S16 $187 S6 -$232 -$39
2nd SO SO S15 $173 S5 -$217 -$78
3rd SO SO S13 $160 S5 -$201 -$114
4th SO SO S12 $148 S5 -$185 -$146
5th SO SO $10 $135 S4 -$169 -$175
6th SO SO S9 $124 S4 -$152 -$200
7th SO SO S8 S8 S3 -$138 -$326
8th S0 S0 S7 S7 S3 -$124 -$440

With a high discount rate, even when loan financing is used to purchase a vehicle, the new vehicle purchaser experiences cost
savingsin every year of ownership due to fuel savings outweighing increased purchase cost, taxes and maintenance.

Tables 17 and 18 show that even with higher discounting of future savings there are cumulative savings
to the purchaser of the lower-emitting (MY 2025 compliant) vehicle relative to the higher-emitting (MY
2021 compliant) vehicle. Moreover, there are cumulative savings regardless of whether the consumer
pays the entire purchase price for their new vehicle up front or instead uses loan financing to purchase
their vehicle.

The MPCA then compared the results above to a sensitivity analysis based on the vehicle technology
costs analysis in the SAFE FRIA. In the SAFE FRIA, the EPA and NHTSA estimated that the per-vehicle
price increase for the 1.5% per year increase in GHG emission standard stringency relative to the
previous federal standards as finalized in 2012 (which, again, are equivalent to Minnesota’s LEV
standard proposal) would be $856 for MY 2030 passenger carsand $1,098 for MY 2030 light-duty
trucks. 8 Using the SAFE FRIA cost estimate and Minnesota’s estimated proportions of new light-duty
vehicles (25% carsand 75% trucks), the MPCA estimates a fleet-wide average increased cost of $1,038
per LEV-certified vehicle relative to a SAFE-certified vehicle. These SAFE FRIA technology cost estimates
are very close to the MPCA’s analysis of vehicle cost premiums for LEV-certified vehicles using the
January 2017 Final Determination analysis as presented above in Table 7, which showed $897 for
passenger cars, $1,219 for light trucks, and a fleet-wide average of $1,139. The analysis based on the
SAFE FRIA estimatesa slightly smaller cost difference betweenthe Clean Cars scenario and the
Reference scenario than was estimated based on the January 2017 Final Determination cost estimates.
While the two analyses use different methods and data in several areas, the slightly smaller cost
difference for the analysis based on the SAFE FRIA is, at least in part, because the final SAFE rule requires
some technology cost increases, while the 2018 SAFE proposal did not.

48 See Table I-4, page 12, of the SAFE FRIA:
https.//www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/final_safe_fria_web_version_200330.pdf
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iii. LEV standard fuel savings in Minnesota
Since the tables above show a payback period over the first eight years of ownership for the vehicle
purchaser associated with retaining the MY2022-2025 GHG standards, they do not show the full lifetime
per-vehicle savings. As explained further below, we assume new vehicles in Minnesota have an average
150,000 mile lifetime, which is based on average vehicle miles traveled assumptions from EPA’s MOVES

model (see section 1(D) on mileage inputs), and equatesto around 12 years. EPA included lifetime fuel
savings and net savings information for different fuel price scenarios in Table 1V.12 of the Proposed
Determination document, as presented in Table 19. The table presents both the average fuel savings of
the lower-emitting (MY 2025 compliant) vehicle relative to the higher-emitting (2021 compliant) vehicle
and also the overall net savings, which include all the costs of vehicle ownership, including vehicle
purchase, taxes, insurance, maintenance, and fuel costs.

Table 19: Lifetime fuel savings and net savings for the sales-weighted average MY 2025 vehicle purchased with

cash under each of the 2016 AEO Fuel Price Cases (2015 dollars)

Lifetimefuel
savings, 3%

Lifetimenet
savings, 3%

Lifetimefuel
savings, 7%

Lifetimenet
savings, 7%

Case discountrate |discountrate |discountrate |discountrate
AEQ High Fuel Prices $4,209 $3,054 $3,223 $2,145
AEO Reference Fuel Prices $2,804 $1,648 $2,128 $1,051
AEO Low Fuel Prices $1,899 $723 $1,439 $345

Lower-emitting vehicles entail significant fuel cost savings even assuming a high discount rate. The higher fuel sales are
projected to bein the future, the higher the savings of a lower-emitting vehicle. (Our fuel savings analysis assumes the reference
fuel prices projection in the 2019 AEO).

Tables 15-19 reflect the bulk of our analysis of the costs and benefits to the Minnesota new vehicle
purchaser of a LEV-certified vehicle compared to a SAFE-certified vehicle, based on the proposed SAFE
rule, but they are not complete. While these tables provide directional information on the consumer
costs and savings associated with a Minnesota LEV standard, they do not include the additional vehicle
technology costs or fuel savings associated with the incremental difference between the MY 2020
standards, which would be the final standards under the proposed SAFE Rule preferred option, and the
MY 2021 standards. Nor do these tables account for the additional taxes, insurance, and maintenance
costs of an average Minnesota vehicle using a 25%/75% car/truck mix. At the same time, these tables
also do not account for the additional fuel savings that would be achieved by an average Minnesota
vehicle. Finally, since the final SAFE rule will probably result in some fuel efficiency improvements due to
the slight increases in the stringency of the standard over MYs 2021-2026, it is also necessary to
consider the vehicle fuel cost analysis based on the increased annual stringency of 1.5% per year for MYs
2021-2026 in the final SAFE rule. Thus, we have made several additions and modifications to the
information in these tables to assess consumer costs and savings of the LEV standard in Minnesota.

The MPCA conducted an independent calculation of the fuel savings per vehicle expected from adoption
of the LEV standard using Minnesota-specific data. As described above in Section 2(B)(ii), we first
calculatedthe expectedreal world per-mile fuel savings benefit for both passenger cars and light-duty
trucks for every model year between 2025 and 2034, based on the difference betweenthe LEV
standards for MY 2025-2034 and the standard under the final SAFE Rule with increasing annual GHG
emissions stringency of 1.5% per year for MYs 2021-2026. These calculations were based on the same
fuel efficiency estimates for LEV-certified and final SAFE rule-certified passenger cars and light-duty
trucks that we used to estimate emissions benefits. By MY 2025, the average LEV-certified passenger car
would get approximately 6.7 more miles per gallon thanthe average proposed SAFE rule-certified
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passenger car. By MY 2025, the average LEV-certified light-duty truck would get approximately 7.2 more
miles per gallon thanthe average proposed SAFE rule-certified light-duty truck. To account for real
world driving, the difference for each model year was multiplied by 0.8.4° The per-mile fuel savings for
cars and trucks were then converted into a Minnesota-specific weighted average per mile savings per
vehicle using the 25%/75% car/truck mix.

To calculate the gallons of fuel saved for the average Minnesota vehicle for eachyear of vehicle life, we
used standard annual values of VMT by vehicle age from EPA’s MOVES model. Finally, we assumed that
vehicles operate for 150,000 miles. The MOVES model estimates new vehicles are used slightly less in
each successive year as they age. As shown in Figure 3, MOVES estimatesa new vehicle is driven, on
average, 14,724 miles in its first year of ownership, decreasing graduallyto 11,373 miles in its tenth year
of ownership.>° A total average lifetime of 150,000 miles for new vehicles in Minnesota equates to just
under 12 years of the vehicle being driven on Minnesota’s roadways.

We multiplied this VMT by vehicle age by the per mile fuel savings numbers. Finally, we calculated dollar
savings per vehicle using the calculatedfuel savings and projected gasoline prices from the U.S. Energy
Information Association’s 2019 Annual Energy Outlook from the Reference case in its Table 12:
Petroleum and Other Liquids Prices.>! These gasoline price projections are $3.07/gallon (in 2018 dollars)
in 2023 and grow at an average rate of 0.7% per yearin subsequent years. The EIA, in fact, predicts that
the price per gallon of gasoline will increase from now through 2050 under all scenarios (Figure 14).

49 Fuel economy standards assume that all GHG emissions benefits from vehicles come from increased fuel efficiency. The
standards, however, allow manufacturers to take credits for things such as air conditioningimprovements that reduce GHG
emissions. Taking thisinto consideration as well as other factors that prevent vehicles on the road from meeting tested fuel
economy results, the EPA commonly uses a multiplier of 0.8 to convert from fuel efficiencies that the standards would require to
real-world fuel efficiency.

50 These are weighted averages of annual passenger car and light-duty truck VMT based on MPCA’s assumption that 25% of
new vehicles sold are passenger carsand 75% are light-duty trucks.

51 https.//www.eia.gov/outlooks/aeo/tables ref.php
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Figure 14: Petroleum prices: Transportation: Motor gasoline as projected by the EIA

In the MPCA’s analysis of fuel savings in Minnesota, we assumed the EIA 2019 AEO Reference case for future gasoline pricesin
the state.
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e@ Source: U.S. Energy Information Administration

Table 20 presents the non-discounted dollar fuel savings per vehicle by model year and vehicle age as
well as a total lifetime savings per vehicle by model year based on the EIA Reference case gasoline price
projections. Even though the LEV standards plateauat MY 2025, savings continue to increase due to
projected increases in gasoline prices. As Table 20 shows, the owner of a MY 2025 LEV-certified vehicle
would save over $2,000 in fuel costs (undiscounted) over the lifetime of their vehicle relative to a SAFE
rule-certified vehicle while the owner of a MY 2034 LEV-certified vehicle would save nearly $1,950 over
the life of their vehicle. The reason that the estimated fuel savings for the LEV-certified vehicle decline
for MY 2026 is because the final SAFE rule will still require manufacturers to make some efficiency
improvements for MY 2026 while the LEV standard plateausstartingin MY 2025. Estimated increasesin
the fuel savings for a LEV-certified vehicle are due to projected gradualincreases in gasoline prices.
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Table 20: Fuel savings (2018 dollars) per vehicle (undiscounted)

Modelyear |Year 1 |Year 2 |Year 3 |Year4 [Year5 |Year 6 [Year7 |Year 8 |Year 9 |Year 10|Year 11Year 12| Total
2025 $189 [$187 | $187 [ $184 | $184 [$179 | $175 | S171 | $166 | S160 | $155 | S106 | $2,043
2026 $168 [ $168 | $165 [ $165 | $162 | $159 | $155 [ $151 | $146 | $142 | $137 | $93 | S1,810
2027 $171 | $170 | $170 [ S$166 | S164 | $160 | $156 | $152 [$147 | S143 | $138 | $94 | $1,832
2028 $173 | $174 | $171 [$169 | S165 | $162 | $158 | $153 [ $149 [ S144 | $139 | $95 | $1,852
2029 $178 [$175 | $174 [ $170 | $167 | $163 | $159 | $S155 | $150 | $145 | $140 | $96 | $1,871
2030 $179 [$178 | $175 [ $172 | $168 | $164 | $161 | S155 | $151 [ S146 |$142 | $96 | $1,888
2031 $182 | $179 | $177 [$173 | S170 | $166 | $161 | $157 [ $152 | S$148 | $142 | $97 | $1,905
2032 $183 | $181 | $178 [$175 [ S172 | $167 | $163 | $158 [ $154 [ $149 | S$144 | $98 | $1,920
2033 $185 | $182 | $180 [$177 | S172 | $168 | $164 | $160 [ $155 [ S$150 | $144 | $98 | $1,935
2034 $187 [$184 | 5182 [$177 | $174 | $170 | $166 | S161 | $156 | S151 [$145 | $98 | $1,949

By MY 2034, the Minnesotan owner of a LEV-certified vehicleis projected, on average, to save nearly $1,950 in fuel costs.

Since fuel savings occur over the lifetime of the vehicle and people generally value future savings less

than savings (or costs) in the present, we modified the above calculations using a 3% and a 7% discount
rate, which are respectively presented in Tables 21 and 22. The tables show that the higher the discount
rate, the lower the present value of future savings, but that even with the high 7% discount rate, an
average MY 2034 vehicle purchaser would save over $1,400 over the lifetime of their vehicle.

Table 21: Per-vehicle dollar fuel savings (2018 dollars), 3% discount rate

Model | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year

year 1 2 3 4 5 6 7 8 9 10 11 12 Total
2025 | $184 | S177 | S171 | S164 | $158 | S150 | S$143 | $135 | $127 | S119 | $112 | $74 | $1,713
2026 | $163 | $158 | $151 | $147 | $139 | $133 | $126 | S119 | $112 | $105 | S99 | $65 | $1,518
2027 | $166 | $160 | $156 | $148 | $141 | $134 | $127 | S120 | $113 | $107 | S99 | $66 | $1,537
2028 | $S168 | S164 | S156 | S150 | $143 | S135 | $128 | $121 | S114 | S107 | $100 | $66 | $1,554
2029 | $173 | $165 | $159 | $151 | $144 | $137 | $129 | S122 | $115 | $108 | $101 | $67 | $1,571
2030 | $174 | $168 | $160 | $153 | $145 | $138 | $131 | S123 | $116 | $109 | $102 | $67 | $1,585
2031 | $S176 | S169 | S162 | S154 | S146 | S139 | S131 | $124 | $117 | S110 | $103 | $68 | $1,599
2032 | $178 | $171 | $163 | $155 | $148 | $140 | $132 | S125 | $118 | $111 | S104 | $68 | $1,612
2033 | $180 | $172 | $164 | $S157 | $149 | $141 | $133 | S126 | $119 | $112 | S104 | $69 | $1,625
2034 | $181 | S173 | S166 | S158 | $150 | S142 | S$135 | $127 | $120 | S112 | $105 | $69 | $1,637

Discounting future fuel savings decreases the overall value of savings for a Minnesotan LEV-certified vehicle owner. With a 3%

discount rate, the purchaser of a MY 2034 LEV-certified vehicle is expected to save nearly $1,640 in fuel costs over the life of

their vehicle.
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Table 22: Per-vehicle dollar fuel savings (2018 dollars), 7% discount rate

Model | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year

year 1 2 3 4 5 6 7 8 9 10 11 12 Total
2025 $177 | $164 | $152 | $140 | $131 | $119 | S109 | $99 | $90 | $82 | $74 | $47 | $1,384
2026 S157 | $146 | $135 | S126 | $115 | S106 | S96 S88 | S80 | $72 | S65 | S41 | S$1,227
2027 S$160 | $148 | $139 | S127 | $117 | S107 | S97 $88 | $80 | S73 | $65 | $42 | $1,243
2028 S162 | $152 | $140 | S129 | $118 | S108 | S$98 $89 S81 | $73 | S66 | $42 | $1,258
2029 $166 | $153 | $142 | $130 | $119 | $109 | $99 S90 | $81 | S74 | $67 | $42 | $1,272
2030 $167 | $155 | $143 | $131 | $120 | $110 | S100 | $90 | $82 | $74 | $67 | S$43 $1,283
2031 $170 | $157 | $144 | $132 | $121 | S111 | $100 | $91 $83 | $75 | $S68 | $43 $1,295
2032 $171 | $158 | $145 | $133 | $122 | S111 | S101 | $92 S84 | $76 | $68 | $43 $1,306
2033 S173 | $159 | $147 | $135 | $123 | S112 | $102 | $93 S84 | $76 | S69 | $43 51,316
2034 $174 | $161 | $148 | $135 | $124 | S113 | S103 [ $94 [ $85 | $77 | $69 | S$44 | S$1,326

A higher discount rate suggests lower overall fuel cost savings, but a Minnesotan who purchases a MY 2034 LEV-certified vehicle
is still expected to save nearly 51,330 over the life of their vehicle.

To calculate cumulative savings, we multiplied the per-vehicle savings numbers in Tables 20, 21, and 22
by the projected Minnesota new vehicle sales from Table 12. Based on these calculations the total fuel
savings from MYs 2025-2034 from the adoption of the LEV standard in Minnesota would be:

e Non-discounted (2018 dollars): $4.51 billion
e 3% discount rate (2018 dollars): $3.79 billion
e 7% discount rate (2018 dollars): $3.07 billion

The MPCA then considered the lifetime fuel savings analysis in the SAFE FRIA. Again, the SAFE FRIA
estimatesvery similar per-vehicle fuel savings estimates to the estimatesbased on the January 2017
Final Determination, reported above in Tables 20-22. The SAFE FRIA also applies discount ratesof 3%
and 7% in its fuel savings analysis. With a 3% discount rate, the SAFE FRIA estimatesa $1,392 savings in
fuel costs over the life of a MY 2030 passenger car and $1,948 savings over the life of a MY 2030 light-
duty truck.>? Based on Minnesota’s estimated fleet-mix of 25% passenger cars and 75% light-duty trucks,
this would equate to a fleet-wide average fuel savings of $1,809, which is fairly close to the estimate of
$1,585 based on the January 2017 Final Determination with a 3% discount rate, as reported above in
Table 21. With a 7% discount rate, the SAFE FRIA estimatesa $1,096 savings in fuel costs over the life of
a MY 2030 passenger car and $1,504 savings over the life of a MY 2030 light-duty truck.>3 Again, based
on Minnesota’s estimated passenger carand light truck fleet mix, this equatesto a $1,283 average fleet-
wide fuel savings, which is again close to the estimate of $1,294 based on the January 2017 Final
Determination with a 7% discount rate, as reported above in Table 22.

iv. Net consumer costs and benefits of the LEV standard
The MPCA estimated the per-vehicle net costs and benefits for consumers, taking into account all of the
costs and savings from vehicle purchase, taxes, insurance, and fuel costs, using both 3% and 7% discount
rates. The MPCA used both the purchase vehicle costs information as well as vehicle taxes, insurance,

52 See Table I-4, page 12, of the SAFE FRIA:
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/final_safe_fria_web_version_200330.pdf
33d.
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and maintenance information in the January 2017 Final Determination along with our own fuel savings
analysis, which takesinto account the requirements of the final SAFE rule. The MPCA additionally
considered the fuel savings estimatesreported in the SAFE FRIA. Inthe analysis based on the January
2017 Final Determinationand MPCA’s fuel savings analysis, the MPCA used the fuel savings numbers
from Tables 21 and 22, and purchase costs, taxes, insurance and maintenance costs shown in Tables 16
and 18. Finally, MPCA also considered the impact of annual registration taxes paid by Minnesota vehicle
owners. As is explained in Section 3(C), every year Minnesotan vehicle owners pay registration taxes
based on the value of their vehicle. Because we project LEV-certified vehicles to have slightly higher
vales than vehicles certified under the final SAFE rule, the owner of a LEV-certified vehicle will pay a
slightly higher amount in registrationtax every year comparedto the owner of an otherwise comparable
SAFE-certified vehicle. We estimate that over the lifetime of a LEV-certified vehicle, the vehicle owner
will pay anaverage $73.85 (in present value terms) in additional registration taxesrelative tothe owner
of a SAFE-certified vehicle at a 3% discount rate and $66.59 at a 7% discount rate. Table 23 contains the
per-vehicle net costs for the two discounting scenarios for MY 2025 -2034 vehicles.

Table 23 shows that whether there is a small net savings or small net cost for the consumer with a LEV-
certified vehicle depends on the choice of discount rate. With a 3% discount rate, the purchaser of an
average MY 2025 LEV-certified vehicle is expected to save $186 over the lifetime of their vehicle, while
with a 7% discount rate, the purchaser of the MY 2025 vehicle is expectedto incur a cost of $107 over
the lifetime of their vehicle. These estimates of costs and savings are very small relative to the overall
costs of vehicle ownership over vehicle lifetimes, which include purchase costs, fuel costs and
maintenance costs, so the LEV standard can reasonably be considered to have no overall impact on
Minnesota consumers’ pocketbooks. The trajectory of overall consumer savings or cost from MYs 2025
to 2034 reflect the same trajectory as fuel savings. Because the final SAFE rule increases in stringency
from MYs 2025-2026, manufacturerswill probably have to make efficiency improvementsin 2026.
Conservatively, this is not reflected by an increased vehicle technology cost in MY 2026 under the final
SAFE rule. In contrast, the LEV standard plateausstarting in MY 2025. The increase in expected fuel
savings as well as overall net savings in subsequent years is due to gradually increasing projected
gasoline prices.

Table 23: LEV standard per-vehicle net cost (in 2018 dollars) based on the January 2017 Final Determination
analysis and MPCA’s fuel savings analysis for MY 2025-2034 vehicles

Sales Taxes,

Insurance and Registration

Maintenance Fuel Savings Taxes Net cost

Vehicle 3% 7%

Model | Technology 3% disc 7% disc | 3% disc | 7% disc | disc disc 7% disc
year Cost rate rate rate rate rate rate 3% disc rate rate
2025 $1,139 $315 $286 $1,713 | $1,384 | $74 | $67 -$186 $107
2026 $1,139 $315 $286 $1,518 | $1,227 | $74 $67 $9 $264
2027 $1,139 $315 $286 $1,537 | $1,243 | $74 $67 -$10 $248
2028 $1,139 $315 $286 $1,554 | $1,258 | $74 $67 -$27 $233
2029 $1,139 $315 $286 $1,571 | $1,272 | $74 | $67 -544 $219
2030 $1,139 $315 5286 $1,585 | 61,283 | $74 $67 -$57 5208
2031 $1,139 $315 $286 $1,599 | $1,295 | $74 | $67 -§72 $196
2032 $1,139 $315 $286 $1,612 | $1,306 | $74 $67 -$85 $185
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Sales Taxes,

Insurance and Registration

Maintenance Fuel Savings Taxes Net cost

Vehicle 3% 7%

Model | Technology 3% disc 7% disc | 3% disc | 7% disc | disc disc 7% disc
year Cost rate rate rate rate rate rate 3% disc rate rate
2033 $1,139 $315 $286 $1,625 | $1,316 | 574 | %67 -$98 $175
2034 $1,139 $315 $286 $1,637 | $1,326 | $74 | $67 -§110 $165

Negative values represent a net savings to the consumer and positive values represent a net cost. Whether there is an overall
savings or cost dependson the consumer’s discount rate. With a 3% discount rate, the purchaser of a LEV-certified vehicleis
estimated to save up to S186 over the life of their vehicle; with a 7% discount rate, the purchaser of a LEV-certified vehicle is
estimated to incur a cost of S107 to S264 over the life of their vehicle.

Considering the overall vehicle costs information in the SAFE FRIA leads to similar overall conclusions. In
fact, compared with data from the January 2017 Final Determination combined with MPCA’s fuel savings
analysis, data from the SAFE FRIA suggest consumers who purchase LEV-certified vehicles will save even
more compared to consumers who purchase federally certified vehicles under the final SAFE rule, even
at a high discount rate. With a 3% discount rate, analysis based on data in the SAFE FRIA estimatesan
overall consumer per-vehicle savings over the lifetime of a MY 2030 vehicle of $708 for a passenger car
and $1,205 for a light-duty truck. Based on Minnesota’s 25%/75% car/truck mix, this equatesto a fleet-
wide average savings of $1,081 over the lifetime of a vehicle. With a 7% discount rate, analysis based on
datain the SAFE FRIA estimates an overall consumer per-vehicle savings over the lifetime of a MY 2030
vehicle of $351 for a passenger carand $647 for a light duty truck. Based on Minnesota’s 25%/75%
car/truck mix, this equates to a fleet-wide average savings of $573 over the lifetime of a vehicle.

Table 24 presents a direct comparison of MPCA’s analysis based on the January 2017 Final
Determination along with our fuel savings analysis with the SAFE FRIA vehicle costs analyses for the
same model year (2030). Based on Minnesota’s passenger car/light-duty truck fleet mix, the average
overall vehicle lifetime savings for the owner of a MY 2030 LEV-certified vehicle would be $57 witha 3%
discount rate and a $208 cost with a 7% discount rate. Again, the magnitude of these cost or savings
estimatesare very small relative to the overall costs of vehicle ownership. This appears to be a
conservative estimate of the consumer impacts of the LEV standard since the SAFE FRIAreports
consumer per-vehicle net savings with both discount rates.

Table 24: Comparison of January 2017 Final Determination and SAFE FRIA: Total consumer savings over vehicle
lifetime for a Minnesota LEV-certified MY 2030vehicle

Discounting | Jan 2017 Final

Scenario Determination Analysis | SAFE FRIA Analysis
3% S57 $1,081
7% -$208 $573

The analysis for the SAFE FRIA suggests a larger overall consumer savings for a LEV-certified vehicle relative to a SAFE-certified
vehicle than the MPCA analysis. With a 3% discount rate the owner on a model year LEV certified vehicle is estimated to save
S1310rS1,081 based on the January 2017 Final Determination and SAFE FRIA analysis, respectively.

In conclusion, based on the MPCA’s analysis using the analysis supporting the January 2017 Final
Determinationaswell as NHTSA’sand EPA’s FRIA supporting the final SAFE rule, adopting the LEV
standard in Minnesota would be likely to result in a small consumer benefit to Minnesota vehicle
purchasers. The size of the benefit depends on the discount rate applied. Only based on the January
2017 Final Determinationanalysis and a high discount rate of 7% do we estimate a small net consumer
cost to Minnesota vehicle purchasers. Assuming Minnesotans, on average, discount future costs and
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benefits to the value to them in the present by a rate of 3% per year, adoption of the LEV standard is
projected to result in a cost of $9 to a benefit of $186 to the vehicle purchaser over the lifetime of their
vehicle (Table 23). This estimate seems to be conservative, since the SAFE FRIA estimates higher
consumer savings.These results take into account the increased vehicle purchase price; increased taxes,
insurance and maintenance costs; and fuel savings over the life of the vehicle. Ifinstead we were to
assume, on average, Minnesotansdiscount future costs and benefits by a rate of 7% per year, adoption
of the LEV standardis projected to result in aloss of $107 to $264 to the vehicle purchaser over the
lifetime of their vehicle.

Based on the MPCA’s projections of Minnesota annual vehicle sales and the January 2017 Final
Determination analysis, across the Minnesota economy, and assuming a 3% discount rate, the MPCA
estimatesthe LEV standard would result in an average of $16 million of net consumer benefits annually
and a total consumer benefit of approximately $161 million over the first 10 years of implementation. At
a 7% discount rate, the MPCA estimatesan average annual consumer cost of $47 million, resulting in
approximately $475 million in net consumer costs total over the first 10 years of implementation. These
values are small relative tothe total costs of purchase and ownership of new vehicles in Minnesota
every year, so the MPCA expects the LEV standard to have a close to net neutral effect on Minnesotans’
pocketbooks.

B. ZEV standard consumer impact analysis

Using projections of BEV and PHEV sales that the ZEV standard would require in Minnesota (Clean Cars
scenario), the MPCA compared the consumer costs and benefits to a business-as-usual scenario where
no ZEV standardis adopted in Minnesota (Reference scenario). This economic impact analysis analyzes
the LEV and ZEV standards separately. Therefore, the Reference scenario evaluated in this section
assumes new vehicles sold in Minnesota meet LEV requirements. Thus, this analysis can be viewed as
the additional costs and benefits of a ZEV standard once the LEV standard is already in place.

The analysis examines costs of compliance for manufacturers; however, the MPCA anticipatesall costs
of compliance borne by vehicle manufacturersand analyzedin this section would be passed on to new
vehicle purchasers. At the same time, the direct benefits of operating an EV would also accrue to the
vehicle purchasers.

i. EV sales estimates
If adopted, the ZEV standard would set a minimum ZEV credit percentage requirement, based on sales
volume, for eachvehicle manufacturer that offers new light-duty vehicles for sale in Minnesota. The ZEV
standard allows manufacturers to earn credits for delivering for sale BEVs, PHEVs, and hydrogen fuel cell
electric vehicles (FCEVs). Based on the Minnesota light-duty vehicles market and infrastructure, the
MPCA does not expect FCEVs to be offered for sale in Minnesota over the time frame of this analysis and
therefore were not included.

Under the ZEV standard, the credit percentagesrequired for each manufacturerin each model year are
calculated based on the three-year average of the manufacturer's volume of passenger cars and light-
duty trucks produced and delivered for sale in Minnesota in the prior second, third, and fourth model
years. For example, 2025 model year ZEV requirements would be based on Minnesota production
volume average of passenger carsand light-duty trucks for MYs 2021 to 2023.

Section 1(C) explains the MPCA’s estimates of EV sales under the Reference scenario and the Clean Cars
scenario.

Table 25 presents the MPCA’s projection of overall light-duty vehicle sales, estimated Reference
scenario BEVand PHEV sales, estimated EV sales needed to comply with the ZEV standard, and the
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difference between the Reference scenario and the Clean Cars scenario.

Table 25: Minnesota light-duty vehicle sales, EV linear growth projections, EV deliveries neededfor compliance,
and the difference betweenthe Reference scenario and the Clean Cars scenario

Reference scenario Clean Cars scenario

Light-

duty Projected % of Projected Total % of Additional Additional
Model vehicle Projected PHEV total Projected PHEV projected total BEVs to PHEVSs to

year sales BEV sales sales Total LDVs BEV sales sales EV sales LDVs comply comply

2025 253,385 5,611 1,799 7,410 2.92% 11,714 7,139 18,852 7.44% 6,102 5,340
2026 251,104 6,166 1,945 8,111 3.23% 11,804 6,777 18,581 7.40% 5,638 4,832
2027 247,840 6,721 2,091 8,811 3.56% 11,865 6,401 18,266 7.37% 5,144 4,311
2028 243,379 7,276 2,236 9,512 3.91% 11,893 6,012 17,904 7.36% 4,617 3,775
2029 237,538 7,830 2,382 10,213 4.30% 11,879 5,607 17,486 7.36% 4,049 3,225
2030 230,649 8,385 2,528 10,913 4.73% 11,811 5,187 16,998 7.37% 3,426 2,659
2031 224,883 8,940 2,674 11,614 5.16% 11,682 4,752 16,434 7.31% 2,742 2,079
2032 222,634 9,495 2,820 12,314 5.53% 11,489 4,309 15,798 7.10% 1,994 1,489
2033 226,641 10,050 2,965 13,015 5.74% 11,269 3,874 15,143 6.68% 1,220 909
2034 237,067 10,604 3,111 13,716 5.79% 11,106 3,475 14,581 6.15% 501 364

LDV sales are based on Minnesota MY 2019 sales with future sales based on MnDOT Pathways report projections. Projected BEV
and PHEV Reference scenario deliveries are based on linear extrapolations of Minnesota EV sales in 2015-2019. Clean Cars
scenario BEV and PHEV deliveries are based on Minnesota ZEV Compliance Calculatorestimates. Additional BEVs and PHEVs
needed for compliance are the difference between the Clean Cars scenario and the Reference scenario.

As discussed in section 1(C), projections of future EV sales vary widely. The ZEV standard therefore
serves as a regulatory backstop to ensure that Minnesota experiences at least a minimum level of EV
sales. For this reason, the MPCA also includes throughout this analysis estimates of the costs and
benefits of the ZEV standard without comparing to a Reference scenario. To understand these full
benefits of the ZEV standard, the MPCA compared the costs and benefits for all the EVs that we
estimate would be required under the ZEV standardto a hypothetical scenario where no EVs are sold at
all in the future. These estimates reflect the full costs and benefits of all the EVs that would be required
in order to comply with the standard.

ii. Vehicle technology costs
The MPCA developed an Excel spreadsheet calculator that estimates the monetary benefits and costs of
the ZEV standard in Minnesota for MY 2025-2034, based on the compliance requirements in the chosen
scenario from the ZEV Compliance Calculator comparedto the linear BEVs and PHEVssales growths
reference case. This tool was adapted from a spreadsheet tool developed by Colorado for a cost-benefit
analysis of its ZEV standard. We adapted it with assumptions specific to Minnesota, including electricity
and gasoline costs in Minnesota, Minnesota’s passenger car/light-duty truck mix, VMT, average vehicle
life, and Minnesotans’ expected electric vehicle charging behaviors.

The types of consumer costs and benefits expected from a ZEV standard are similar to those identified in
the analysis for the LEV standard in section 3(A). Again, new vehicle purchasers, particularly purchasers
of electricvehicles, would be the primary bearers and receivers of economic costs and benefits. Since
the ZEV standard would not require any new vehicle purchaser to purchase an EV, Minnesota
consumers who choose to purchase new ICE vehicles would not be affected by the ZEV standard. The
primary costs and benefits to EV purchasers would be from vehicle purchase costs, vehicle maintenance
and repair costs, and fuel (both gasoline and electricity) costs. The ZEV standard in Minnesota may also
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lead to increased availability and selection of EVs available for purchase. For the purposes of this
analysis, the effects of tax credits and other purchase incentives for EVs was not included.>*

The fuel costs used in this analysis, both for gasoline and for electricity, were derived from the EIA 2019
Annual Energy Outlook fuel prices.>> The vehicle costs in this analysis are from the International Council
on Clean Transportation (ICCT). 3¢

Table 26 shows vehicle costs by vehicle types (ICE, BEV, PHEV) and vehicle classes (car, crossover, and
SUV).57 The costs shown in Table 26 for each type and class of ICE vehicle include powertrain, vehicle
assembly, and indirect costs. For BEVsand PHEVSs, the costs shown in Table 26 include battery pack,
non-battery powertrain, vehicle assembly, and indirect costs. Percentages of Minnesota market shares
were an overall 25%/75% passenger cars/light-duty trucks mix. These shares were applied toeach
vehicle class, respectively, to get the average cost by market share. The differences in costs of BEVs and
ICE vehicles and PHEVs and ICE vehicles were used to calculate the incremental vehicle costs.

The predicted average costs based on Minnesota market shares for ICE vehicles range from $28,113 in
MY 2025 to $29,014in MY 2034. The predicted average cost for a BEV startsat $31,249in MY 2025 and
trends downward to $22,340 in MY 2034. PHEV costs average from $33,953in MY 2025 to $33,124in
MY 2034.58

54 There are some current tax incentives in the form of federal tax rebates for purchasers of electric vehicles, but by MY 2024,
most if not all of these tax credits will have been phased out. Minnesota currently does not offer any tax incentives to
Minnesotans to purchase electric vehicles.

55 https://www.eia.gov/outlooks/aeo/pdf/ae02019.pdf

56 Lutsey, N. & Nicholas, M., Update on Electric Vehicle Costs in the United States through 2030, The International Councilon
Clean Transportation (April 2, 2019).

57 |d. Direct communication with the authors provided additional projections through 2033 and confirmed that these vehicle
costs are specifically applicable for Minnesota.

58 For this analysis we assumed a 250-mile BEV range and a 50-mile PHEV range as being representative of the average EV
ranges in MY 2025-2034.
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Table 26: Vehicle costs by vehicle types and classes

ICE vehicles 2025 2026 2027 2028 2029 2030 2032 2034
ICE car 525,760 525,848 525,936 | 526,025 | 526,113 | 526,203 526,381 526,559
ICE crossover | 525,502 §25,592 525,681 | 525,771 | 525,862 | 525,952 526,134 526,315
ICE SUV $32,293 $32,409 $32,526 | $32,643 | 532,760 | $32,878 $33,114 $33,349
Average by

market share $28,113 528,212 528,312 | 528,411 | 528,511 $28,612 528,813 $29,014
BEVs 2025 2026 2027 2028 2029 2030 2032 2034
Electric car

(250 mile) 527,516 526,498 525,586 | 524,768 | 524,035 | 523,281 521,772 520,264
Electric

crossover

(250 mile) 528,986 527,828 526,788 | 525,855 | 525,015 | 524,163 522,459 520,755
Electric SUV

(250 mile) 536,001 534,488 533,130 | 531,910 | 530,814 | 529,713 527,510 525,308
Average by

market share | 531,249 529,993 528,866 | 527,854 | 526,945 | 526,024 524,182 522,340
PHEVs 2025 2026 2027 2028 2029 2030 2032 2034
PHEV car (40

mile) 529,523 529,506 529,495 | 520,489 | 529,488 | 529,491 529,497 529,502
PHEV car (60

mile) $31,075 530,942 $30,823 | 530,718 | $30,624 | $30,541 $30,376 530,211
PHEV

crossover (40

mile) 530,308 530,215 530,132 | 530,061 | 529,998 | 529,945 529,839 529,732
PHEV

crossover (60

mile) 531,105 530,959 530,828 | 530,709 | 530,603 | 530,509 530,321 530,133
PHEV SUV (40

mile) 539,059 538,929 538,813 | 538,711 | 538,622 | 538,545 538,391 538,236
PHEV SUV (60

mile) 540,213 539,993 539,795 | 539,617 | 539,458 | 539,316 539,032 538,749
Average by

market share | $33,953 533,824 533,709 | 533,607 | $33,517 | 533,438 533,281 533,124
Diff: BEV vs

ICE 43,136 51,781 $554 -§557 -51,567 | -$2,588 -54,631 -$6,674
Diff: PHEV vs

ICE $6,083 $5,840 $5,612 $5,397 $5,195 54,826 54,468 $4,110

This table shows the differences in vehicle costs between different classes of ICE vehicles, BEVs and PHEVs. The cost to

manufacture BEVs is expected to reach parity with ICE vehicles by MY 2028 while the cost to manufacture PHEVs is not expected

to reach parity with an ICE vehicles over this time frame.

Figure 15 shows the predicted cost of a BEV reaching parity with ICE vehicles for all market segments

(car, crossover, SUV) by MY 2028. The estimated reduction in BEV costs are due to multiple factors,
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including the reduction in battery costs, as projected in many other analyses and reports. As battery
manufacturing costs decline, the overall price of electric vehicles declines.

Figure 15: U.S. average vehicle cost based on Minnesota market shares

The cost to manufacture BEVs is expected to reach parity with ICE vehicles by MY 2028 while the cost to manufacture PHEVs is
not expected to reach parity with an ICE vehicles over this time frame.
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PHEVs carry higher up-front costs than BEVs, as shown in Table 26. Itis expected that PHEVs will
continue to be more expensive than both BEVsand ICE vehicles through 2034. BEVswill initially be more
expensive than ICE vehicles at the start of this time frame but are expectedto become less expensive to
purchase than ICE vehicles as of MY 2028. By MY 2034, based on Minnesota market shares, BEVsare
expectedto be over $6,600 less expensive to purchase than ICE vehicles.

Table 27 presents the total new vehicle costs for the numbers of new BEVsand PHEVs the MPCA
projects would be required to comply with the ZEV standard and the costs of compliance relative to the
Reference scenario. The expected cumulative up-front vehicle purchase costs for all the EVs required by
the ZEV standard through MY 2034 are $46 million, not considering the benefits of reduced
maintenance and fuel costs. The expectedincrease in vehicle purchase costs of the Clean Cars scenario
over the Reference scenario is $137 million through 2034. Again, these costs do not account for fuel and
maintenance savings, which more than offset the increased vehicle purchase costs.>°

59 The estimated total up-front costs of all EVs required by the ZEV standard is less than the estimated up-front costs of just the
additional EVsthat the MPCA estimates would be sold under the Clean Cars scenario beyond the EV sales anticpated in the
Reference scenario. The reason the costs of all EVs is less than the cost of just the additional EVs beyond the Reference scenario
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Table 27: New vehicle costs (in millions of dollars) under the ZEV standardrelative to Reference scenario

Clean Cars scenario relative to Reference
Total ZEV standard compliance scenario
Model year BEV PHEV Total BEV PHEV Total
2025 -$36.74 -$41.69 -678.43 -$19.14 -$31.18 -$50.32
2026 -521.02 -$38.03 -$59.05 -510.04 -627.12 -537.16
2027 -$6.57 -$34.55 -$41.12 -$2.85 -$23.27 -$26.12
2028 $6.63 -$31.23 -$24.60 $2.57 -$19.61 -$17.04
2029 $18.61 -$28.07 -$9.45 $6.34 -$16.14 -$9.80
2030 $30.57 -$25.03 $5.54 $8.87 -$12.83 -$3.96
2031 $42.17 -$22.09 $20.09 $9.90 -$9.66 $0.24
2032 $53.21 -$19.25 $33.96 $9.23 -$6.65 $2.58
2033 $63.70 -$16.62 $47.09 $6.89 -$3.90 $3.00
2034 $74.12 -$14.28 $59.84 $3.35 -$1.49 $1.85
Total $224.69 -$270.84 -$46.14 $15.13 -$151.86 | -5136.73

Total costs based on all vehicle purchase costs of EVs required for compliance with the ZEV standard. Also total costs compared
to the Reference scenario based on linear EV sales growth. Anegative value in the table reflects a higher cost of a BEV or PHEV
relative to and ICE vehicle while a positive value reflects a lower cost of a BEV or a PHEV relative to an ICE vehicle. Compliance
with ZEV is predicted to result in higher cumulative new vehicle costs over this time frame.

iii. Fuel savings
Electric vehicles, including PHEVs and especially BEVs, are more energy-efficient than ICE vehicles.
Expected fuel economy for ICE vehicles was determined based on LEV standards. U.S. EPA fuel economy
data was used for the gasoline fraction of plug-in hybrid operation.®° This analysis assumes PHEVs
operate 75% of the time on electric battery power and 25% on gasoline power, based on the U.S. EPA
fuel economy calculation. It also assumes most PHEVs and BEVs will charge at home using a level 2
charging system and at residential electric rates of $0.1163 per kWh, which is the projected Minnesota
average residential electricity price for 202251, This analysis assumes that EV owners will use public fast
charging stations 10% of the time with a charging rate of $0.28 per kWh, based on fast charge rates
quoted by Tesla.®2 Other data sources such as Smart Charge America reference similar rates.

Table 28 shows the benefits in fuel cost savings the ZEV standard for MYs 2025-2034. The table shows
both the total fuel cost savings for all the EVs the MPCA estimates would be required to comply with the
ZEV standard and the difference betweenthe Clean Cars scenario and the Reference scenario. The
savings presented in the table are the combined BEVs and PHEVs savings, presented both as the savings
over the full lifetime of the vehicles as well as the savings over just the first five years of ownership,
representing a hypothetical first owner. We assume a vehicle lifespan of 150,000 miles.

As Table 28 shows, the MPCA’s analysis estimates the total cumulative fuel savings through MY 2034 for
the lifetime of all BEVs and PHEVs estimated to be required for compliance with the ZEV standard is

is that after MY 2028 BEVs are anticipated to cost less than ICE vehicles; therefore, more BEVs sold, particularly in the later years
of our analysis time frame, means more cost savings and higher benefits to Minnesota consumers.

60 The Annual Energy Outlook 2019, Appendix A Reference Case was used for the price of gasoline. U.S. Energy Information
Administration, Annual Energy Outlook 2019https://www.eia.gov/outlooks/aeo/pdf/aeo2019.pdf.

61d,

62 See https.//www.tesla.com/support/supercharging.
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$768 million. The expected fuel cost savings from the Clean Cars scenario over the Reference scenario is
$284 million over the lifetime of vehicles through MY 2034.

Table 28: Fuel cost savings (in millions of dollars) of projected new BEV and PHEV sales underthe ZEV standard

Clean Cars scenario relative to
Total ZEV standard compliance | Reference scenario
Model Vehicle First five Vehicle First five
year (lifetime) years lifetime years
2025 $91.63 $42.47 $57.76 $26.84
2026 $74.83 $34.69 $41.80 $19.40
2027 $75.34 $35.20 $38.61 $18.06
2028 $75.49 $35.48 $35.00 $16.46
2029 $75.23 $35.52 $30.91 $14.61
2030 $74.50 $35.29 $26.31 $12.47
2031 $73.20 $34.77 $21.16 $10.06
2032 $71.44 $34.03 $15.50 $7.39
2033 $79.61 $38.14 $11.97 $5.74
2034 $76.91 $36.97 $4.90 $2.36
Total $768.17 $362.55 $283.91 $133.39

The Total ZEV standard compliance columns show estimated the total fuel cost savings of all BEVs and PHEVs needed for
compliance with the ZEV standard. The Clean Cars scenario relative to Reference scenario columns show the estimated fuel cost
savings of BEVs and PHEVs necessary for ZEV compliance compared to a future scenario of linear sales growth of BEVs and
PHEVs. The table shows savings for both the full lifetime of the vehicle and for the first five years to reflect the savings for a
hypothetical first owner. The cumulative estimated fuel savings over the lifetimes of all model year BEVs and PHEVs in the Clean
Cars scenario relative to the Reference scenario is S284 million.

Fuel costs savings are experienced over the entire lifetime of vehicles. Thus, in order to compare these
savings to changes in vehicle purchase costs, it is standardto consider them in present value terms. As
discussed in section 3(A), present value takes discounting of future savings into effect to represent what
the future savings are valued to the consumer.®3 Table 29 shows the present value for fuel savings based
on a 3% discount rate. In present value terms, the total fuel cost savings for all the EVs the MPCA
estimates would be required to comply with the ZEV standard through MY 2034 is $658 million and the
fuel cost savings of the Clean Cars scenario relative to the Reference scenario is $244 million.

63 A thorough explanation of discounting is presented in section 3(A)(ii). The higher the discount rate, the lower the consumer
values what happens in the future (e.g. fuel saving over the life of a vehicle) relative to what happensin the present (e.g. the
cost to purchase a new vehicle).
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Table 29: Net present value assuming a 3% discount rate of fuel cost savings (in millions of dollars) of projected
new BEVs and PHEVs required by the ZEV standard

Clean Cars scenario relative to
Total ZEV standard compliance Reference scenario

Model First five First five
year Vehicle (lifetime) years Vehicle lifetime years
2025 $78.38 $39.46 $49.54 $24.94
2026 $64.01 $32.23 $35.84 $18.02
2027 $64.49 $32.70 $33.13 $16.78
2028 $64.66 $32.98 $30.05 $15.30
2029 $64.47 $33.02 $26.55 $13.58
2030 $63.86 $32.81 §22.61 $11.60
2031 $62.77 $32.33 $18.18 $9.35
2032 $61.28 $31.65 $13.32 $6.87
2033 $68.33 $35.47 $10.29 $5.34
2034 $66.04 $34.38 $4.22 $2.19
Total $658.28 $337.04 $243.73 $123.99

The Total ZEV standard compliance columns show estimated the present value of total fuel cost savings of all BEVs and PHEVs
needed for compliance. The Clean Cars scenario relative to Reference scenario columns show the estimated present value of fuel
cost savings of BEVs and PHEVs necessary for ZEV compliance compared to a future scenario of linear sales growth of BEVs and
PHEVs. The estimated cumulative present value fuel savings over the lifetimes of all model year BEVs and PHEVs in the Clean
Cars scenario relative to the Reference scenario is $294 million.

Table 30 presents net present value fuel savings, assuming a 3% discount rate, over vehicle lifetimes on
a per-vehicle basis, of an EV relative to an ICE vehicle. The average EV, based on the mix of BEVsand
PHEVs the MPCA estimateswould be required for ZEV compliance, is estimated to save the consumer
$3,400t0 $4,900 in fuel costs in present value terms over the lifetime of the vehicle. The fuel savings
declines between MY 2025 to MY 2026 is largely due to the increased stringency for MY 2026 used in
the reference scenario. Thereafter, the average fuel savings generallyincreases in future model years is
due to gradually rising gasoline prices.

Table 30: Net present value of per-vehicle fuel cost savings assuming a 3% discount rate fora Minnesota EV
relative to an ICE vehicle

Modelyear EV Average®*
2025 54,329
2026 $3,423
2027 $3,504
2028 $3,580
2029 $3,651
2030 $3,716

64 The calculationsin Table 30 are based on the mix of BEVs and PHEVs that would be required for compliance with the ZEV
standard in Minnesota. On average, the fuel cost savings for BEVs exceed those for PHEVs due primarily to the fact that PHEVs
still run on gasoline for a portion of their operation.
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Modelyear EV Average®*
2031 $3,772
2032 $3,825
2033 $4,837
2034 54,874

Based on the mix of BEVs and PHEVs required for ZEV compliance in Minnesota, the estimated present value of fuel savings for
the average EV ranges from around $3,400 to 54,900 over the lifetime of the vehicle. Positive values in this table reflect savings
to the consumer who purchases an EV compared to ifthey had purchased an ICE vehicle.

iv. Maintenance and repair savings
The MPCA also analyzedthe costs and benefits associated with potentially reduced maintenance and
repair costs for EVs. The MPCA estimated maintenance and repair costs of 6 cents per mile for cars and
7.6 cents per mile for crossovers and SUVs for ICE vehicles. ®> The MPCA estimated maintenance and
repair costs for BEVs to be 2.4 centsfor cars and 3.6 cents per mile for crossovers and SUVs. %% The MPCA
estimated maintenance and repair costs for PHEVs to be 4.2 cents per mile for cars and 5.5 cents per
mile for crossovers and SUVs. %7

Using these values, BEVs and PHEVsas a group have significant operational and maintenance savings
associated with ownership compared to ICE vehicles. As Table 31 shows, the MPCA estimates

$803 million in total maintenance savings from all BEVs and PHEVsthat would be sold for compliance
with the ZEV standard for 2025-2034 model year vehicles. During the first 5 years of ownership,
consumers would save $397 million. The expected maintenance are repair savings from compliance with
the ZEV standard over the linearly projected Reference scenario is $281 million for the lifetime of
vehicles through MY 2034.

Table 31: Maintenance and repair savings (in millions of dollars)

Clean Cars scenario relative to
Total ZEV standard compliance Reference scenario

Model First five First five
year Vehicle lifetime years Vehicle lifetime years
2025 $85.76 $42.43 $49.36 $24.42
2026 $85.22 $42.16 $45.31 $22.41
2027 $84.47 $41.79 $41.06 $20.31
2028 $83.50 $41.31 $36.58 $18.10
2029 $82.26 $40.69 $31.83 $15.75
2030 $80.67 $39.91 $26.73 $13.22
2031 $78.69 $38.93 $21.25 $10.51
2032 $76.34 $37.76 $15.39 $7.61

65 Lutsey, N. & Nicholas, M., Update on Electric Vehicle Costs in the United States through 2030, The International Councilon
Clean Transportation (April 2, 2019).

66/d.

67 Id.
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Clean Cars scenario relative to
Total ZEV standard compliance Reference scenario
Model First five First five
year Vehicle lifetime years Vebhicle lifetime years
2033 $73.86 $36.54 $9.41 $4.65
2034 $71.80 $35.52 $3.84 $1.90
Total $802.55 $397.03 $280.75 $138.89

The Total ZEV standard compliance columns show estimated the total maintenance cost savings from all the BEVs and PHEVs
needed for compliance with the ZEV standard. The Clean Cars scenario relative to Reference scenario columns show the
estimated maintenance cost savings of BEVs and PHEVs necessary for ZEV compliance compared to a future scenario of linear
sales growths of BEVs and PHEVs. The cumulative estimated maintenance savings over the lifetimes of all model year BEVs and
PHEVs in the compliance scenario relative to the reference scenario is over $280 million.

As with fuel savings, maintenance and repair savings occur over the lifetimes of vehicles and it is thus
informative to discount future maintenance and repair savings into present value terms. Table 32 shows
the maintenance and repair savings represented in present values using a 3% discount rate.

Table 32: Net present value of maintenance and repair savings (in millions of dollars) assuming a3%discount
rate

Clean Cars scenario relative to
Total ZEV standard compliance Reference scenario

Model First five First five
year Vehicle lifetime) years Vehicle lifetime years
2025 $73.85 $39.49 $42.59 $22.73
2026 $73.38 $39.24 $39.10 $20.86
2027 $72.74 $38.90 $35.43 $18.91
2028 $71.90 $38.45 $31.56 $16.84
2029 $70.83 $37.88 $27.47 $14.66
2030 $69.46 $37.15 $23.07 $12.31
2031 $67.76 $36.24 $18.34 $9.79
2032 $65.73 $35.15 $13.28 $7.09
2033 $63.60 $34.01 $8.12 $4.33
2034 $61.83 $33.06 $3.31 $1.77
Total $691.08 $369.57 $242.26 $129.28

The Total ZEV standard compliance columns show estimated the present value of total maintenance cost savings from all the
BEVs and PHEVs needed for compliance with the ZEV standard. Clean Cars scenario relative to Reference scenario columns show
the estimated present value of maintenance cost savings of BEVs and PHEVs necessary for ZEV compliance compared to a future
scenario of linear sales growths of BEVs and PHEVs. The estimated cumulative present value maintenance savings over the
lifetimes of all model year BEVs and PHEVs in the compliance scenario relative to the reference scenario is $242 million.

Table 33 presents net present value maintenance and repair savings, assuming a 3% discount rate, over
vehicle lifetimes on a per-vehicle basis, of an average EV relative to an ICE vehicle. The averageEV,
based on the mix of BEVs and PHEVs the MPCA projects would be required for ZEV compliance, is
estimated to save the consumer $3,700to over $3,800 in maintenance costs in present value termsover
the lifetime of the vehicle.
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Table 33: Net present value of per-vehicle maintenance and repair cost savings assuming a 3% discount rate for
an average Minnesota EV relative to an ICE vehicle

Model year EV average®®
2025 $3,722
2026 $3,734
2027 $3,747
2028 $3,761
2029 $3,776
2030 $3,791
2031 53,804
2032 $3,813
2033 53,814
2034 $3,829

Based on the mix of BEVs and PHEVs the MPCA estimates would be required for compliance with the ZEV standard in Minnesota,
the estimated present value of maintenance savings for the average EV ranges from around $3,700 to over 53,800 over the
lifetime of the vehicle. Positive values in this table reflect savingsto the consumer who purchases an EV compared to ifthey had
purchased an ICE vehicle.

V. ZEV standard cumulative costs and savings in Minnesota
Tables 34-37 consolidate the estimates of vehicle purchase costs, fuel costs, and maintenance costs for
BEVs, PHEVs, and ICE vehicles to summarize the expected cumulative costs and savings of the ZEV
standard in Minnesota.

In addition, Tables 34-37 include another type of costs related to ZEVsthat has not already been
addressed: costs (or savings) resulting from different annual registration expenses for ZEVsrelative to
ICE vehicles. These include both the annual fee premium of $75 owners that Minnesota BEV owners (but
not PHEV owners) are required to pay to register their vehicles in the state, as well as the different
annual registration taxes relative to ICE vehicles due to relatively different values of BEVs and PHEVs.
Both of these are explained further in Section 5(C). In summary, we project the registration fee
premium expense to be an unchanging $75 per year additional expense of BEV ownership. Because
annual registrationtaxes are based on vehicle values (i.e., purchase cost minus deprectiation), the
different annual registration tax expenses of ZEV owners will change from model year to model year as
the cost of BEVs and PHEVs relative to ICE vehicles change over time. When BEVsand PHEVs cost more
than ICE vehicles, the ZEV owners will pay more registration taxes over vehicle lifetimes than owners of
ICE vehicles. However, as we project BEVsto eventually become cheaper, on average, to purchase than
ICE vehicles starting in model year 2028 (see Table 26 and Figure 15), BEVswill also begin to incur lower
annual registration taxes.

For example, we estimate that, on average the owner of a model year 2025 BEV will pay $222 over the
course of their vehicle’s lifetime more annual registration taxes than the owner of a model year 2025 ICE
vehicle. In present value terms, the owner of an average model year 2025 BEV will pay $203 more
registration taxesover their vehicle’s lifetime at a 3% discount rate and $183 ata 7% discount rate.
However, by model year 2034, the BEV owner will, on average, incur a $472 savings in registration taxes

68 As was the case for Table 30, the calculationsin Table 33 are based on the mix of BEVs and PHEVs that would be required for
compliance with the ZEV standard in Minnesota. On average, the maintenance and repair savings for BEVs exceed those for
PHEVs.
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over their vehicle’s lifetime than the owner of an ICE vehicle. In present value terms, this equates to
$433 savings at a 3% discount rate and $390 savings at a 7% discount rate. On average, the owner of a
model year 2025 PHEV will pay $413 over the course of their vehicle’s lifetime more annual registration
taxesthan the owner of a model year 2025 ICE vehicle. In present value terms, the owner of an average
model year 2025 PHEV will pay $379 more registration taxesover their vehicle’s lifetime at a 3%
discount rate and $341 ata 7% discount rate. By model year 2034, the PHEV owner will, on average, pay
$290 more registration taxes over their vehicle’s lifetime thanthe owner of an ICE vehicle. In present
value terms, this equates to a cost of $266 at a 3% discount rate and $240 ata 7% discount rate. All of
these additional costs and savings are included in Tables 34-37, summed over the total number of BEVs
and PHEVs and average vehicle lifetimes for Minnesota LDVs.

Table 34 presents the total cumulative cost savings of ZEV standard compliance in Minnesota, relative to
a hypothetical alternative where all the new BEVsand PHEVs estimated to be required for ZEV
compliance for MYs 2025-2034 were instead ICE vehicles. Table 35 presents the expected cumulative
cost savings of a ZEV standard relative to the reference scenario based on linear EV sales growth. Tables
36 and 37 present the same estimatesas Tables 34 and 35 but in net present value terms using a 3%
discount rate.®° Collectively, these tables show that greater vehicle costs for BEVs’? and PHEVsare offset
by fuel cost and maintenance savings. The total cost associated with all the EVs estimated to be required
for compliance withthe ZEV standard in Minnesota for the MY 2025-2034 time frame is $1.43 billion
savings in undiscounted terms (Table 34) and $1.22 billion in present value terms with a 3% discount
rate (Table 36). Relative to the Reference scenario with linear sales growth, implementing the ZEV
standard in Minnesota for the MY 2025-2034 time frame results in an estimated $389 million savings in
undiscounted terms (Table 35) and $315 million in present value terms with a 3% discount rate (Table
37). As we did for the LEV standard consumer impacts analysis, the MPCA also used a discount rate of
7% to estimate the overall saving of all the EVs estimated to be required for compliance withthe ZEV
standard over the ten-year time frame and the estimated savings of the additional EVs required for
compliance relative to the Reference scenario. These estimates, presented in Tables 38 and 39,
respectively, include a $1.00 billion overall savings resulting from all EVs required for ZEV compliance
and $239 million savings resulting from the additional EVs relative to the Reference scenario. Regardless
of the choice of discount rate, the MPCA estimates that the ZEV standard will result in considerable
savings for Minnesota vehicle owners.

69 The MPCA also analyzed fuel savings, maintenance savings and annual registration costs/savings using a 7% discount rate.
These results are not presented in tablesin this document, but we do report the total cumulative savings assuming both a 3%
and 7% discount rate.

70 As Tables 34-39 make clear, BEVs are only more expensive than ICE vehicles in the early years of this analysis. They are
expected to reach cost parity in MY 2028.

Clean Cars Minnesota — Appendix 1: Technical support document 61



Table 34: Total cumulative cost savings of ZEV standard compliance (in millions of dollars)

Annual
registration
Maintenance fees and Total net
Incremental vehicle cost Fuel cost savings savings taxes cost savings
First 5 First 5

Model Lifetime years Lifetime years Lifetime Lifetime
year BEV PHEV Total average | average @ average | average average average
2025 -$36.74 | -S41.69 @ -578.43 $91.63 $42.47 $85.76 $42.43 -§15.21 $83.75
2026 -621.02 | -$38.03 | -$59.05 $74.83 $34.69 $85.22 $42.16 -$13.91 $87.08
2027 -$6.57 -$34.55 -$41.12 $75.34 $35.20 $84.47 $41.79 -$12.69 $105.99
2028 $6.63 | -$31.23 | -$24.60 | $75.49 | $35.48 | $83.50 | S$41.31 -$11.55 $122.84
2029 $18.61 -$28.07 -$9.45 $75.23 $35.52 582.26 $40.69 -$10.47 $137.57
2030 $30.57 -$25.03 $5.54 $74.50 $35.29 $80.67 $39.91 -59.35 $151.35
2031 S42.17 -$22.09 $20.09 §73.20 S34.77 578.69 $38.93 -58.22 $163.76
2032 $53.21 -§19.25 $33.96 $71.44 $34.03 $76.34 $37.76 -57.08 $174.65
2033 $63.70 -$16.62 $47.09 $79.61 $38.14 $73.86 $36.54 -55.97 $194.59
2034 $74.12 -$14.28 $59.84 $76.91 $36.97 $71.80 $35.52 -54.93 $203.62
Total $224.69 | -5270.84 -$46.14 | $768.17 | $362.55 | 5$802.55 | $397.03 -$99.38 $1,425.20

Negative values indicate higher costs for BEVs or PHEVs relative to ICE vehicles. Positive values indicate savings for BEVs and
PHEVs relative to ICE vehicles. In undiscounted terms, the total estimated cumulative savings from all EVs estimated to be
required for compliance with the ZEV standard is $1.43 billion for MYs 2025-2034. This is the sum of incremental vehicle costs,
fuel savings, maintenance savings, and annual vehicle registration premiums and taxes for the lifetimes of all MY 2025-2034

vehicles.
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Table 35: Total cumulative cost savings of ZEV standard compliance (in millions of dollars) relative to linear EV
sales growth reference scenario

Annual
registration
fees and Total net
Incremental vehicle cost Fuel cost savings Maintenance savings taxes cost savings
First 5 First 5

Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average | average | average average average average
2025 -$19.14 -$31.18 -550.32 $57.76 $26.84 $49.36 $24.42 -58.59 $48.20
2026 -$10.04 | -527.12 -537.16 $41.80 $19.40 $45.31 $22.41 -57.28 $42.67
2027 -52.85 -$23.27 -$26.12 $38.61 $18.06 $41.06 $20.31 -$6.09 $47.46
2028 $2.57 | -519.61 | -517.04 = $35.00 | 516.46 | $36.58 $18.10 -$5.01 $49.52
2029 $6.34 -516.14 -$9.80 $30.91 $14.61 $31.83 $15.75 -54.03 $48.91
2030 $8.87 | -512.83  -53.96 $26.31 | $12.47 | $26.73 $13.22 -$3.11 $45.97
2031 $9.90 -$9.66 $0.24 $21.16 $10.06 $21.25 $10.51 -§2.25 $40.40
2032 $9.23 -$6.65 $2.58 $15.50 $7.39 $15.39 $7.61 -51.46 $32.00
2033 $6.89 -$3.90 $3.00 $11.97 $5.74 $9.41 $4.65 -50.79 $23.57
2034 $3.35 -$1.49 $1.85 $4.90 $2.36 $3.84 $1.90 -50.28 $10.31
Total $15.13 | -$151.86 | -$136.73 | $283.91 | $133.39 $280.75 | $138.89 -$38.90 $389.04

Negative values indicate higher costs for BEVs or PHEVs relative to ICE vehicles. Positive values indicate savings for BEVs and
PHEVs relative to ICE vehicles. In undiscounted terms the total estimated cumulative savings of ZEV compliance, relative to the
reference case EV sales growth scenario, is $389 million for MYs 2025-2034. This is the sum of incremental vehicle costs, fuel
savings, maintenance savings, and annual vehicle registration premiums and taxes for the lifetimes of all MY 2025-2034

vehicles.
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Table 36: Total net present value of cumulative cost savings of ZEV standard compliance (in millions of dollars)
assuming a 3%discount rate

Annual
registration
fees and Total net
Incremental vehicle cost Fuel cost savings Maintenance savings taxes cost savings
First 5 First 5

Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average | average | average average average average
2025 -536.74 | -541.69 | -578.43 $78.38 $39.46 $73.85 $39.49 -513.46 $60.34
2026 -$21.02 | -538.03 | -$59.05 | 564.01 | $32.23 | $73.38 $39.24 -$12.27 $66.07
2027 -56.57 -$34.55 | -$41.12 $64.49 $32.70 §72.74 $38.90 -$11.15 $84.95
2028 $6.63 -$31.23 -$24.60 $64.66 $32.98 $71.90 $38.45 -$10.10 $101.86
2029 $18.61 -$28.07 -$9.45 $64.47 $33.02 $70.83 $37.88 -$9.10 $116.75
2030 $30.57 -$25.03 $5.54 $63.86 $32.81 $69.46 $37.15 -$8.08 $130.78
2031 $42.17 -$22.09 $20.09 $62.77 $32.33 $67.76 $36.24 -$7.05 $143.57
2032 $53.21 -$19.25 $33.96 $61.28 $31.65 $65.73 $35.15 -$6.01 $154.96
2033 $63.70 -$16.62 $47.09 $68.33 $35.47 $63.60 $34.01 -$5.00 $174.01
2034 $74.12 -$14.28 $59.84 $66.04 $34.38 $61.83 $33.06 -$4.06 $183.65
Total $224.69 | -5270.84 | -546.14 | 5658.28 | $337.04 | 5691.08 | $369.57 -5$86.27 $1,216.95

Negative values indicate higher costs for BEVs or PHEVs relative to ICE vehicles. Positive values indicate savings for BEVs and
PHEVs relative to ICE vehicles. In present value terms with a 3% discount rate the total estimated cumulative savings from all
EVs estimated to be required for compliance with the ZEV standard is $1.22 billion for MYs 2025-2034. Thisis the sum of
incremental vehicle costs, fuel savings, maintenance savings, and annual vehicle registration premiums and taxes for the
lifetimes of all MY 2025-2034 vehicles.
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Table 37: Total net present value of cumulative cost savings of ZEV standard compliance (in millions of dollars)
assuming a 3% discount rate relative to linear EV sales growth reference scenario.

Annual
registration
fees and Total net
Incremental vehicle cost Fuel cost savings Maintenance savings taxes cost savings
First 5 First 5

Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average | average | average average average average
2025 -$19.14 | -$31.18 -$50.32 $49.54 $24.94 $42.59 $22.73 -57.62 $34.18
2026 -$10.04 -$27.12 -$37.16 $35.84 $18.02 $39.10 $20.86 -$6.44 $31.34
2027 -52.85 -$23.27 -$26.12 $33.13 $16.78 $35.43 $18.91 -$5.37 $37.07
2028 $2.57 -$19.61 -§17.04 $30.05 $15.30 $31.56 $16.84 -$4.41 $40.17
2029 $6.34 -$16.14 -59.80 $26.55 $13.58 $27.47 $14.66 -$3.53 $40.69
2030 $8.87 -512.83 -53.96 $22.61 $11.60 $23.07 $12.31 -52.71 $39.01
2031 $9.90 -59.66 $0.24 $18.18 $9.35 $18.34 $9.79 -$1.94 $34.82
2032 $9.23 -$6.65 $2.58 $13.32 $6.87 $13.28 $7.09 -$1.26 $27.93
2033 $6.89 -$3.90 $3.00 $10.29 $5.34 $8.12 $4.33 -$0.68 $20.73
2034 $3.35 -51.49 $1.85 $4.22 $2.19 $3.31 $1.77 -50.24 $9.14
Total $15.13 | -$151.86 | -$136.73 | $243.73 | $123.99 | $242.26 $129.28 -$34.19 $315.07

Negative values indicate higher costs for BEVs or PHEVs relative to ICE vehicles. Positive values indicate savings for BEVs and
PHEVs relative to ICE vehicles. In present value terms with a 3% discount rate the total estimated cumulative savings of ZEV
compliance, relative to the reference case EV sales growth scenario, is $315 million for MYs 2025-2034. This is the sum of
incremental vehicle costs, fuel savings, maintenance savings, and annual vehicle registration premiums and taxes for the
lifetimes of all MY 2025-2034 vehicles.
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Table 38: Total net present value of cumulative cost savings of ZEV standard compliance (in millions of dollars)

assuming a 7%discount rate

Annual
registration
fees and Total net
Incremental vehicle cost Fuel cost savings Maintenance savings taxes cost savings
First 5 First 5

Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average | average average average average average
2025 -536.74 | -541.69 | -578.43 $64.90 $35.99 $61.66 $36.10 -511.63 $36.51
2026 -$21.02 | -$38.03 | -$59.05 | $52.99 $29.39 $61.27 $35.87 -$10.56 $44.66
2027 -56.57 -534.55 | -$41.12 $53.44 $29.83 $60.74 $35.56 -$9.54 $63.51
2028 $6.63 -$31.23 -$24.60 $53.62 $30.09 $60.04 $35.15 -$8.60 $80.47
2029 $18.61 -$28.07 -59.45 $53.51 $30.14 $59.15 $34.62 -$7.70 $95.50
2030 $30.57 -$25.03 $5.54 $53.03 $29.96 $58.00 $33.95 -56.78 $109.79
2031 $42.17 -$22.09 $20.09 $52.14 $29.51 $56.58 $33.12 -55.86 $122.95
2032 $53.21 -$19.25 $33.96 $50.92 $28.89 $54.89 $32.13 -54.93 $134.84
2033 $63.70 -516.62 $47.09 $56.82 $32.39 $53.11 $31.09 -54.03 $152.99
2034 $74.12 -$14.28 $59.84 $54.94 $31.40 $51.63 $30.22 -$3.18 $163.22
Total $224.69 | -$270.84 | -$46.14 | $546.30 | $307.58 | $577.07 | $337.82 -$72.81 $1,004.42

Negative values indicate higher costs for BEVs or PHEVs relative to ICE vehicles. Positive values indicate savings for BEVs and
PHEVs relative to ICE vehicles. In present value terms with a 7% discount rate the total estimated cumulative savings from all
EVs estimated to be required for compliance with the ZEV standard is $1.00 billion for MYs 2025-2034. This is the sum of
incremental vehicle costs, fuel savings, maintenance savings, and annual vehicle registration premiums and taxes for the
lifetimes of all MY 2025-2034 vehicles.
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Table 39: Total net present value of cumulative cost savings of ZEV standard compliance (in millions of dollars)

assuming a 7% discount rate relative to linearEV sales growth reference scenario.

Annual
registration
fees and Total net
Incremental vehicle cost Fuel cost savings Maintenance savings taxes cost savings
First5 First 5

Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average average average average average average
2025 -$19.14 | -$31.18 -$50.32 $41.12 $22.75 $35.63 $20.78 -56.61 $19.82
2026 -510.04 | -527.12 | -537.16 | $29.74 $16.43 $32.71 $19.07 -$5.56 $19.73
2027 -$2.85 -$23.27 -$26.12 $27.52 $15.30 $29.64 $17.28 -54.62 $26.42
2028 $2.57 -$19.61 -$17.04 $24.97 $13.96 $26.41 $15.40 -$3.77 $30.57
2029 $6.34 -516.14 -59.80 $22.09 $12.40 $22.98 $13.40 -53.01 $32.26
2030 $8.87 -$12.83 -$3.96 $18.82 $10.59 $19.30 $11.25 -52.29 $31.86
2031 $9.90 -59.66 $0.24 $15.14 $8.54 $15.34 $8.95 -51.64 $29.08
2032 $9.23 -56.65 $2.58 $11.10 $6.27 $11.11 $6.48 -51.05 $23.74
2033 $6.89 -$3.90 $3.00 $8.58 54.88 $6.79 $3.96 -50.56 517.81
2034 $3.35 -51.49 $1.85 $3.52 $2.00 $2.77 $1.62 -50.19 §7.95
Total $15.13 | -$151.86  -$136.73 | $202.59 | $113.13 | $202.69 | $118.18 -$29.32 $239.23

Negative values indicate higher costs for BEVs or PHEVs relative to ICE vehicles. Positive values indicate savings for BEVs and
PHEVs relative to ICE vehicles. In present value terms with a 7% discount rate the total estimated cumulative savings of ZEV
compliance, relative to the reference case EV sales growth scenario, is $239 million for MYs 2025-2034. This is the sum of
incremental vehicle costs, fuel savings, maintenance savings, and annual vehicle registration premiums and taxes for the
lifetimes of all MY 2025-2034 vehicles.

The cumulative per-vehicle cost savings to an EV purchaser and owner relative to a purchaser and owner

of anICE vehicle in undiscounted terms, in present value terms with a 3% discount rate, and in present

value terms with a 7% discount are presented in Tables 40, 41, and 42, respectively. As technological
developments lead to reductions in purchase prices of EVs relative to ICE vehicles, the overall cost
savings of an EV relative to an ICE vehicle increases. By MY 2034, the average savings over the life of an
EV relative to an ICE vehicle is around $13,800in undiscounted terms (Table 40), around $12,400in net
present value terms using a 3% discount rate (Table 41). Even with a high discount rate of 7%, the
average savings is$11,000 in net present value terms (Table 42).
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Table 40: Average per-vehicle cost impacts by model year (dollars pervehicle)

Annual
registration
fees and Total net
Incremental vehicle cost™ Fuel cost savings Maintenance savings taxes cost savings
First 5 First 5

Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average | average | average average average average
2025 -$3,136 | -55,840 | -$3,812 | $5,048 | $2,346 54,314 $2,134 5751 $4,799
2026 -$1,781 | -$5,612 @ -$2,738 | $3,992 $1,853 $4,327 $2,141 -$695 $4,886
2027 5554 | -55,397 | -51,765 | 54,084 | $1,910 | $4,342 $2,148 5644 $6,017
2028 $557 -$5,195 -5881 $4,170 $1,962 $4,359 52,156 -$597 $7,051
2029 $1,567 | -$5,005 @ -576 $4,250 | $2,008 | 54,376 $2,165 -$554 $7,996
2030 $2,588 | -54,826 $735 $4,324 $2,050 $4,393 $2,173 -$511 $8,941
2031 $3,610 | -54,647 | 51,546 $4,389 $2,086 54,408 $2,181 -5466 $9,877
2032 $4,631 | -54,468 @ $2,357 $4,449 $2,121 $4,418 $2,186 -$420 $10,804
2033 $5,653 | -$4,289 | $3,167 | 95,622 | $2,699 | $4,420 $2,187 -$373 $12,836
2034 $6,674 -54,110 $3,978 $5,663 $2,727 $4,437 $2,195 -$327 $13,751

Negative values indicate higher costs for a BEV or PHEV relative to an ICE vehicle. Positive values indicate savings for a BEV or
PHEV relative to ICE vehicles. In undiscounted terms the total estimated savings for the purchaser of an average MY 2034 EV is
approximately $13,800compared to ifthey had purchased an ICE vehicle instead. This is the sum of incremental vehicle costs,
fuel savings, maintenance savings, and annual vehicle registration premiums and taxes for the lifetimes of the vehicle.
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Table 41: Net present value average per-vehicle cost impacts by model year (dollars pervehicle) assuming a3%
discount rate

Annual
registration
Maintenance fees and Total net
Incremental vehicle cost Fuel cost savings savings taxes cost savings
First 5 First 5

Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average | average @ average | average average average
2025 -$3,136 | -55,840 | -$3,812 $4,329 $2,180 $3,722 $1,986 -5666 $3,573
2026 | -$1,781 | -$5,612  -52,738 | $3,423 | $1,721 | 53,734 | 51,993 -$615 $3,804
2027 -$554 -$5,397 | -$1,765 $3,504 $1,775 $3,747 $2,000 -$568 $4,918
2028 5557 -$5,195 -5881 $3,580 $1,823 53,761 $2,007 -$525 $5,936
2029 $1,567 | -$5,005 -$76 $3,651 $1,867 $3,776 $2,015 -5485 $6,866
2030 $2,588 -54,826 5735 $3,716 $1,906 $3,791 $2,023 -5445 $7,797
2031 $3,610 | -54,647 | $1,546 $3,772 $1,940 $3,804 $2,030 -5403 $8,719
2032 $4,631 | -$4,468 | $2,357 | 63,825 | $1,972 | $3,813 | 52,035 -$361 $9,633
2033 $5,653 | -54,289 | 53,167 $4,837 $2,511 $3,814 $2,035 -5318 $11,500
2034 $6,674 | -$4,110 | $3,978 | $4,874 | $2,537 | $3,829 | 52,043 -$275 $12,406

Negative values indicate higher costs for a BEV or PHEV relative to an ICE vehicle. Positive values indicate savings for a BEV or
PHEV relative to ICE vehicles. In present value terms, assuming a 3% discount rate, the total estimated savings for the purchaser
of an average MY year 2034 EV is approximately S12,400 compared to ifthey had purchased an ICE vehicle instead. This is the
sum ofincremental vehicle costs, fuel savings, maintenance savings, and annual vehicle registration premiums and taxes for the

lifetimes of the vehicle.

Table 42: Net present value average per-vehicle cost impacts by model year (dollars pervehicle) assuming a7%
discount rate

Annual
registration
Maintenance fees and Total net
Incremental vehicle cost Fuel cost savings savings taxes cost savings
First 5 First 5

Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average | average | average | average average average
2025 -$3,136 | -$5,840 | -$3,812 | $3,594 | $1,988 & $3,114 $1,816 -$578 $2,318
2026 -$1,781 | -$5,612 | -$2,738 52,841 $1,570 $3,124 $1,822 -$532 $2,695
2027 -$554 -$5,397 | -$1,765 $2,910 51,618 53,135 $1,828 -5489 $3,791
2028 $557 | -$5,195 = -5881 $2,976 | S$1,664 | 53,147 | 51,835 -$450 $4,792
2029 51,567 -$5,005 -$76 $3,037 $1,704 $3,159 51,842 -5414 $5,706
2030 $2,588 | -$4,826 $735 $3,092 $1,740 $3,172 $1,849 -5377 $6,622
2031 $3,610 | -$4,647 @ $1,546 $3,140 | $1,771 $3,183 $1,856 -$339 $7,530
2032 $4,631 | -$4,468 | $2,357 53,185 $1,801 $3,190 51,860 -5301 $8,431
2033 $5,653 | -$4,289 | $3,167 $4,032 52,293 $3,191 $1,860 -$263 $10,127
2034 56,674 | -54,110 | $3,978 $4,064 $2,317 $3,204 51,868 -5224 $11,022

Negative values indicate higher costs for a BEV or PHEV relative to an ICE vehicle. Positive values indicate savings for a BEV or
PHEV relative to ICE vehicles. In present value terms, assuming a 7% discount rate, the total estimated savings for the purchaser
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of an average MY year 2034 EVis approximately S11,000compared to ifthey had purchased an ICE vehicle instead. This is the
sum ofincremental vehicle costs, fuel savings, maintenance savings, and annual vehicle registration premiums and taxes for the
lifetimes of the vehicle.

Based on the additional BEVs and PHEVs needed to comply with the ZEV standard and assuming a 3%
discount rate, the MPCA estimates the ZEV standard would result in an average of $34.9 million of
vehicle lifetime benefits for each model year from 2025 to 2034 and a total consumer benefit of $315
million over vehicle lifetimes for the 10 model years. Due in large part to declining EV purchase costs
relative to ICE vehicles, the consumer benefits of the ZEV standard would initially increase for each
model year, peaking at nearly $41 million for MY 2029, assuming a 3% discount rate. After MY 2029, the
MPCA’s analysis projects total consumer benefits for each model year may decline slightly due to
projected declines in overall light-duty vehicle sales and thus the number of EVs needed for ZEV
standard compliance, projected increases in EV sales in the reference scenario while ZEV standard
compliance requirements plateau starting in MY 2025, and projected increases in fuel efficiency of ICE
vehicles. For MY 2034, total vehicle lifetime consumer benefits of ZEV compliance are projected to be
around $9.1 million, againassuming a 3% discount rate. Ata 7% discount rate, the total consumer
benefit for the 10 model years from 2025 to 2034 are estimated to be $239 million, peaking at around
$32 million for MY 2029 and declining to $7.9 million for MY 2034.

The MPCA’s analysis also found the total benefit over vehicle lifetimes of all BEV and PHEV sales
required by the ZEV standard through MY 2034, and againassuming a 3% discount rate, would reach
approximately $184 million annually by MY 2034 and $1.22 billion total over the 10 model years. With a
7% discount rate, the total benefit over vehicle lifetimes of all BEV and PHEV sales required by the ZEV
standard through MY 2034 would reach $163 million annually by MY 2034 and $1.00 billion total over
the 10 model years.

C. LEV and ZEV standards impact on state tax revenue

The proposed rule could also have animpact on state tax revenues. However, due to the estimated
losses in some revenue streams, such as fuel taxrevenues, being almost exactly offset by the gainsin
other revenue streams, such as sales tax revenues, the proposed rule is estimated to overall be very
close to revenue neutral for the state.

The analysis of fuel savings for the proposed rule estimatesreduced gasoline consumption over vehicle
lifetimes for MYs 2025-2034 of 674 million gallons. This estimate is based on estimates of the average
fuel efficiency of LEV-certified vehicles relative to final SAFE rule-certified vehicles’! along with projected
light-duty vehicle sales in Minnesota and projected VMT in Minnesota. The LEV standard is an overall
fleet average thatincludes EVs. Therefore, the fuel savings from EVs resulting from the ZEV standard are
capturedin the average fuel savings estimatedto result from the LEV standard.

To the extent that adopting the proposed rule results in lower gasoline spending by Minnesota vehicle
owners, the state would generate less revenue from its fuel tax; however, to the extent that LEV-
certified ICE vehicles and EVs have a higher up-front cost, most of this revenue would be made back
through vehicle sales tax. Another portion would be made back through increased registrationtaxes
paid each year by Minnesota vehicle owners, which are based on the value of the vehicles. Thus, higher-
priced LEV-certified ICE vehicles and EVs will also incur higher registration taxesthroughout the the
vehicles’ lifetimes. Finally, the annual state registration fee premiums for BEVs is also an additional

71 Bgsing this analysis on the final SAFE rule would likely result in a slightly lower fuel savings based on the slightly increased
emissions stringency of the final SAFE rule compared to the proposed SAFE rule.
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source of revenue for the state that results from more BEVs in Minnesota.

Minnesota currently has a flat gastax of $0.285 per gallon: $0.25 plus a $0.035 debt service surcharge
thatis intended to partially cover the debt obligations for capital projects on the state’s highway system.
Assuming no changes to the $0.285 per gallon fuel tax, this translatesto an estimated total reduction in
fuel tax revenue associated with implementation of the proposed rule over this time frame of
approximately $192 million. It should be noted that while this is a loss in state revenue, it is not an
overall cost as the loss of revenue to the stateis exactly offset by the avoided costs to Minnesotan
consumers, so that the money that does not go to the state remains in Minnesotans’ pockets.

Some of this lost state fuel tax revenue would be offset by the annual registration fee premium that BEV
owners are required to pay. Currently, BEV owners pay an annual premium of $75 to register their
vehicles in Minnesota. If BEV owners continue to pay a $75 per year registration fee premium, based on
the MPCA’s projections of additional BEVsthat adopting the ZEV standard would be likely torequire in
Minnesota relative to the linear sales growth Reference scenario, the registration fee would result in an
estimated $18.5 million in increased state revenue over the first 10 years of implementation in the Clean
Cars scenario.

Some of the remaining revenue shortfall betweenreduced gasoline tax paid by owners of EVs and LEV-
certified vehicles and the added revenue from BEV registration fee premiums would be made up by
increased sales tax revenues due tothe generally higher purchase price of BEVs and PHEVsrelative to
ICE vehicles. The current Minnesota state sales tax rate for motor vehicles is 6.5%. Based on the
projected increased vehicle costs for BEVs and PHEVsrelative to ICE vehicles in the initial years after
implementation of the proposed rule, and increased vehicle costs for PHEVs relative to ICE vehicles for
the entire 10-year time frame, the ZEV standardis estimatedto result in about $9.4 million in added
sales tax revenue in Minnesota relative to the linear sales growth Reference scenario over this time
frame.

Furthermore, the higher purchase costs of LEV-certified vehicles would also lead to increased sales tax
revenue for the state. As demonstrated in Tables 15-18, the average LEV-certified vehicle may cost the
purchaser around $47 in increased sales tax relative to a SAFE-certified vehicle. Based on LDV sales
projections in Minnesota for MYs 2025-2034 (see Table 1), the MPCA estimatesthis would meana $112
million increase in sales tax revenues for the state of Minnesota over this time frame, offsetting a
majority of the estimated $192 million in lost fuel tax revenue resulting from implementation of the
proposed rule.

Finally, the registration taxes paid by Minnesota vehicle owners every year is directlyrelated to the
value of the vehicles. Minnesota LDV owners pay 1.285% of the value of their vehicles in annual
registrationtaxes. The MPCA has estimated the total increase in vehicle registration taxes over the MY
2025-2034 time frame resulting from both the LEV and the ZEV standard. As presented in Section 3(A)(i),
the MPCA estimates that, on average, a LEV-certified vehicle will incur a purchase cost premium of
$1,139 compared to a non-LEV-certified vehicle (see Table 13). Based on the total MY 2025-2034 LDV
sales projections (see Table 1), and assuming that vehicle values depreciate, on average, 10% every year,
the MPCA has estimated that the total additional registration taxes paid by Minnesotans over the MY
2025-2034 time frame will be $135 million higher under a LEV standard. To estimate the impact of the
ZEV standard on vehicle registrationtaxes, the MPCA considered the projected increased BEV and PHEV
sales relative to the Reference scenario (see Table 25) along with the projected price differences
between BEVsand PHEVs compared to ICE vehicles (see Table 26). Againassuming a 10% annual
depreciation in the value of vehicles, the MPCA estimatesthat as a result of the ZEV standard, the
increase in registration taxes paid by Minnesotans over the MY 2025-2034 time frame will be $9.5
million.
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Summing all the lost fuel tax revenue for the proposed rule along with the added sales tax revenue,
added registrationtax revenue, and registration fee revenue totals only an overall $92 million gain in
revenues for the state of Minnesota over the first 10 years of rule implementation. Due to the small
magnitude of this value along with the uncertainty and speculative nature of these projections, our
estimation is that the rule is likely to be close to overall revenue-neutral for the state. Table 43
summarizes the MPCA’s estimates of state revenue increases and reductions over the first 10 years of
implementation of the proposed rule. In 2019, Minnesota’s total fuel tax revenue wasabout $937.6
million and its total revenue from all taxes was $23.5 billion. An increase of $92 million over the course
of 10 years, which is approximately 0.39% of Minnesota’stax revenue for the single 2019 year, would be
small compared to these overall state revenues.

Table 43: Estimatedimpacts of the proposed rule on Minnesota state revenue over first 10 years of
implementation

Impact type Estimated staterevenue impact
Fuel tax $192.1 millionreduction

Sales taxfrom LEV $111.6 millionincrease

Sales taxfromZEV $9.4 million increase
Registrationtax from LEV $135.4 millionincrease
Registrationtax from ZEV $9.5 million increase

BEV registration fees $18.5 million increase

Total net state revenues for proposed rule $92 million increase

The proposed rule would reduce state revenues from fuel taxes but this lost state revenue would be offset by increased sales tax
revenues, increased registration tax revenues, and registration fee premiums. The net effect of both standards is estimated to be
close to revenue-neutral for the state over the 10-year time frame.

All of the state revenue impacts listed in Table 43 are transactions between Minnesota consumers and
the state of Minnesota. As such, revenue increases for the state are also costs to Minnesota consumers
while revenue decreases for the state are also benefits to Minnesota consumers. These impacts have
been incorporated into MPCA’s analysis of costs and benefits to Minnesota consumers. The fuel savings
analyses for both the LEV standard (Section 3(A)(iii)) and the ZEV standard (Section 3(B)(iii)) are based
on retail gasoline prices that include fuel taxes, so we have already considered the loss of fuel tax
revenue for the state as a benefit to Minnesota vehicle owners. The additional sales tax for more
expensive LEV-certified vehicles, which is a source of revenue for the state, has also already been
considered as a consumer cost (Section 3(A)(ii)).

The registration tax revenues for the state resulting from both LEV and ZEV standards as well as the
additional BEV registration fees resulting from the ZEV standard, however, were incorporated in the net
consumer costs and benefits analyses of the LEV and ZEV standards in Sections 3(A)(iv) and 3(B)(v),
respectively. While, in aggregate, summed across all Minnesota purchasers of new LDVs, these account
for considerable revenues for the state (see Table 43), the cost or benefit to each Minnesota vehicle
owner is much smaller. For the LEV standard, MPCA estimatesan average added registration tax cost for
the owner of a LEV-certified vehicle relative to a non-LEV-certified vehicle of only $14.63 in the first year
of vehicle ownership. Due to depreciation of the value of the vehicle as well as discounting of future
costs, the added registration tax cost of a LEV-certified vehicle declines in each successive year. Over the
lifetime of a LEV-certified vehicle, and assuming a 3 percent discount rate, the MPCA estimatesthat the
vehicle owner will pay an average $73.85 (in present value terms)in additional registration taxes relative
to the owner of a non-LEV-certified vehicle. At a 7 percent discount rate, the estimated average
increased registration tax of a LEV-certified vehicle over the vehicle’s lifetime is $66.59.
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For the ZEV standard, the calculation of the cost of added registration taxes for the EV owner relative to
the owner of an ICE vehicle is more complex due to the fact that average costs of BEVs and PHEVs
relative to ICE vehicles are expectedto change over time. In the first year of ownership of a model year
2025 BEV, the vehicle owner will pay, on average, an estimated $40.29 more than the owner of a model
year 2025 ICE vehicle. For the first year of ownership of a model year 2025 PHEV, the owner will pay, on
average, an estimated $75.04 more thanthe owner of a model year 2025 ICE vehicle. In subsequent
years, the added registrationtax cost for the owner of a model year 2025 EV decreases, againdue to
depreciation and discounting. Over a model year 2025 vehicle’s lifetime, the owner of a BEV will pay (in
present value terms) an estimated $203.36, on average, inadded registration taxes relative to an ICE
vehicle owner, assuming a 3 percent discount rate and $183.35, assuming a 7 percent discount rate. The
owner of a model year 2025 PHEV will pay an estimated $378.70, on average, in added registration taxes
relative to an ICE vehicle owner, assuming a 3 percent discount rate and $341.43, assuming a 7 percent
discount rate. These estimated added registration tax costs for BEV and PHEV owners relative to ICE
vehicles decline in future model years as the purchase costs of EVs are expectedto decline relative to
ICE vehicles. By model year 2028, when BEVs are expected to become cheaper to purchase than ICE
vehicles, the owner of a BEV will, on average, get a registration tax benefit for having a less expensive
vehicle.

The consumer cost impact of the $75 annual registration fee premium for BEV owners is more
straightforward. Using the MPCA’s estimated average vehicle lifetime for LDVsin Minnesota of around
11 years, and assuming a 3% discount rate, the BEV owner will pay $714.76, on average, inincreased
registration fee premiums (in present value terms) over their vehicle’s lifetime. Assuming a 7% discount
rate, the BEV owner will pay $601.77 in increased registration fee premiums, in present value terms,
over their vehicle’s lifetime.

4. Health and equity analysis

Lower emissions of GHGs provides global benefits in the form of reduced climate impacts. Lower
emissions of NMOG, NOy, and PM, however, result in reductions of harmful healthimpacts regionally
and locally to people exposed to those emissions. The MPCA has modeled the expected health benefits
resulting from the reduced tailpipe and upstream emissions of these non-GHG pollutants presented in
Section 2 of this TSD. The majority of these health benefits will occur in Minnesota and based on the
proximity of where people live and breathe to these sources of pollution, not all people and
communities equally benefit from these emissions reductions. For this reason, MPCA has also analyzed
the equity implications of Clean Cars Minnesota to address the questions of who is likely to be most
affected and who is likely to most benefit from LEV and ZEV standards in Minnesota.

A. Health benefits analysis

i. Methodology
For the health benefits analysis, the MPCA started with the estimated reduced emissions of PM, NO,,
and NMOG that would result from Clean Cars Minnesota and used two different methods used by the
U.S. EPA to translate these emissions reductions into predicted health benefits as well as economic
values of the health benefits. Both methods focus on the health impacts of fine particles, or particulate
matterless than 2.5 microns in diameter (PM,s), which is a subset of total PM emissions. The two
methods are:
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1. EPA’s Benefit per Ton of Reducing PM, ;5 Precursors from 17 Sectors (“Benefit per Ton values”).”?
These are estimates of the health and economic benefits from reductions of direct emissions of
PM, s and NOy from 17 different sectors of the U.S. economy. For this analysis, the MPCA considered
reduced tailpipe emissions to be in the “On-road mobile sources” sector; reduced upstream
emissions associated with gasoline production were considered to be in the “Refineries” sector; and
increased emissions from the electricity generation needed to meet higher electricity demands to
power EVs were considered to be in the “Electricity generation” sector. For this last category of
emissions in the electricity sector, using an average mix of fuels used for power generationin
Minnesota, we estimated potentialincreased emissions to meet higher electricity demands;
therefore, the resulting healthimpacts from these emissions are included as health costs, not health
benefits. In its economic valuation, this tool applies discount rates of both 3% and 7% to discount
the values of future health benefits into present value terms

2. EPA’s CO-Benefits Risk Assessment (COBRA) Health Impacts Screening Tool.”3 The COBRA model is
a reduced-form screening tool to estimate the human health benefits in the U.S. and the economic
value of those benefits from changes in air pollutant emissions resulting from clean energy policies
and programs. The COBRA model only considers how changesin direct PM, s emissions and NO,
emissions lead to PM, 5 pollution, and thus only considers the health impacts of PM, 5 pollution.
Unlike the Benefit per Ton values described above, COBRA does consider geographic specificity of
where the emissions reductions take place, down to the county level, to estimate the health
benefits of those reductions. Similar to the Benefit per Ton values, the sector thatis the source of
emissions mattersin determining health impacts(or health benefits of emissions reductions). For
this analysis, all tailpipe emissions reductions were considered to be in COBRA’s “Highway Vehicles”
sector. COBRA also applies discount ratesof both 3% and 7% to discount future health benefits into
present value terms.

Both of these methods look solely at the health impacts of PM, 5 pollution, considering both directly
emitted PM, 5 as well as the emissions of the precursors that lead to atmospheric PM, s formulation,
even though pollution from vehicles results in other health-impacting air pollutants as well. Moreover,
these methods do not consider an exhaustive list of all the health problems associated with air pollution.
Thus, this analysis is probably an underestimation of all of the possible health benefits of Clean Cars
Minnesota. The purpose of this analysis is not to provide a comprehensive and precise accounting of the
health benefits of these standards, but rather toacknowledge that there are meaningful health benefits
of this rule and to approximate what those benefits might be.

ii. Results
Using the first method of EPA’s Benefit per Ton values, all Clean Cars Minnesota emissions reductions
from vehicle tailpipes were considered to be in the “On-road mobile sources” sector; emissions
reductions from upstream gasoline production were considered to be in the “Refineries” sector; and
emissions increases from electricity production were considered to be in the “Electricity generation”

72 U.S. EPA Environmental Protection Agency Office of Air and Radiation, “Technical Support Document: Estimating the Benefit

per Ton of Reducing PMy.s Precursors from 17 Sectors, February 2018. Available at: https://www.epa.gov/benmap/estimating-
benefit-ton-reducing-pm25-precursors-17-sectors.

73 Information about COBRA, including the model itself, is available at https://www.epa.gov/statelocalenergy/co-benefits-risk-
assessment-cobra-health-impacts-screening-and-mapping-tool.
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sector. The MPCA considered the changes of PM, s and NO, emissions resulting from this rule. For the
economic valuation of health benefits both 3% and 7% discount rates were considered. Table 44
presents the estimated health benefits associated with this rule over the first 10 years (MY 2025-2034)
of itsimplementation. Table 45 presents the estimated economic benefit of these health benefits.

Table 44: Estimated healthbenéefits of the proposedrule overfirst 10 years of implementation based on EPA’s
Benefit per Ton values

Avoided health outcome Estimate
Premature deaths 149-348
Res piratoryemergency room visits 82
Acute bronchitis 214
Lower respiratorysymptoms 2,724
Upper respiratory symptoms 3,812
Minor restricted activity days 108,438
Work loss days 18,453
Asthma exacerbation 4,405
Cardiovascular hospitalizations 41
Respiratoryhospitalizations 38
Non-fatal heart attacks 17-157

The proposed rule could prevent 149-348 early deaths from air pollution relative to the business-as-usual reference scenario.
Additionally, many less severe health outcomes would also be avoided. These are estimated benefits throughout the U.S.
resulting from the change in emissions in Minnesota, but given the local and regional qualities of these pollutants, the majority
of these benefits would occur in Minnesota.

Table 45: Estimated economicvalue of health benefits of the proposed rule over first 10 years of
implementation based on EPA’s Benefit per Ton values

Economic benefit Estimate
3%discountrate $1.46 billion -$3.21 billion
7%discountrate $1.31 billion -$2.92 billion

Depending on the choice of discount rate, the economic value of the health benefits of this rule could be between S1.3 billion
and $3.2 billion.

The reason for the ranges of reduced deaths and non-fatal heart attacksin Table 44 is that there are
different widely-accepted concentration-response relationships that relate PM, 5 exposure to premature
death and non-fatal heart attacks. Rather than choosing between these different relationships, the EPA
and the MPCA often choose to report ranges. This is also the reason for the ranges of economic values in
Table 45. The lower dollar value reflects the lower ends of the health outcomes in Table 44 while the
higher value reflects the higher ends of the health outcomes ranges. Including rangesreflects the
uncertaintyin this analysis. Again, our intent is not to give a precise accounting on health benefits of the
proposed rule, but rather a general sense of the magnitude of the health benefits of this rule proposal.

Using COBRA, the second method for estimating health benefits of this proposed rule, the MPCA
considered the geographic specificity of where tailpipe emissions will take place. The tailpipe emissions
reductions were allocated across Minnesota’s 87 counties according to vehicle miles travelledin each
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county from MOVES. 74 Because we cannot determine specific geographic locations of gasoline
production and electricity production upstream emissions, the MPCA only used COBRA to model health
impacts of vehicle tailpipe emissions and continued to use the Benefit per Ton values to consider health
and economic impactsof upstream emissions. Table 46 presents the tailpipe emissions benefit from the
proposed rule. Because COBRA takesinto account the geographiclocations of emissions sources as well
as the geographic locations of where emissions impacts occur, Table 46 presents estimated health
impacts for the whole U.S. as well as those specifically in Minnesota.

Table 46: Estimated healthbenefits from reduced tailpipe emissions resulting from the proposed rule over
first 10 years ofimplementation based on EPA’s COBRA model

Avoided health outcome Nationwide | Minnesota
Premature deaths 50-113 39-87
Respiratoryemergency room visits 23 18
Acute bronchitis 88 71
Lower respiratorysymptoms 1,120 909
Upper respiratory symptoms 1,599 1,297
Minor restricted activity days 43,181 35,213
Work loss days 7,323 5,981
Asthma exacerbation 1,649 1,336
Cardiovascular hospitalizations 16 12
Respiratoryhospitalizations 13 10
Non-fatal heart attacks 6-54 4-41

Nationwide, from tailpipe emissions reductions alone, Clean Cars Minnesota is estimated to prevent 50 to 113 early deaths as

well as numerous less severe health outcomes.

Table 47 adds the upstream healthimpacts, both health benefits from gasoline production emissions
benefits and health costs from electricity production emissions, to the tailpipe emissions health benefits
in Table 46 to estimate the overall health benefits of the rule over the first 10 years of implementation.
Table 48 presents the total economic values of the health benefits in Table 47.

74 See section 1(D) for an explanation of the MOVES model and data.
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Table 47: Estimated healthbenefits from tailpipe and upstream emissions changes resulting fromthe proposed
rule over first 10 years of implementation based on combination of EPA’s Benefit per Ton values and COBRA
model.

Avoided health outcome Estimate
Premature deaths 62-141
Res piratoryemergency room visits 30
Acute bronchitis 107
Lower respiratorysymptoms 1,358
Upper respiratory symptoms 1,936
Minor restricted activity days 52,483
Work loss days 8,887
Asthma exacerbation 2,042
Cardiovascular hospitalizations 19
Respiratoryhospitalizations 16
Non-fatal heart attacks 18-56

These are nationwide health benefits. Benefits from reduced tailpipe emissions were estimated with EPA’s COBRA model, taking
into account geographiclocations of emissions, while benefits from upstream emissions changes were estimated with EPA’s
Benefit per Ton values.

Table 48: Estimated economicvalue of health benefits of the proposed rule over first 10 years of
implementation based on combination of EPA’s COBRA model and Benefit per Ton values

Economic benefit Estimate
3%discountrate $626 million - $1.42 billion
7%discountrate $560 million - $1.26 billion

The economic value of health benefits from reduced tailpipe emissions were estimated using COBRA while the economic value of
health impacts from changes in upstream emissions were estimated using EPA’s Benefit per Ton values.

Considering these two methods to estimate health benefits together gives a sense of the magnitude of
health benefits from the proposed rule. It could prevent 62 to 348 early deaths plus many more avoided
less severe health outcomes. While this analysis cannot pinpoint the exact economic value of these
benefits, both the Benefit per Ton and COBRA methods show that it is likely to be at least several
hundreds of million dollars.

B. Equity analysis
Black, Indigenous, and People of Color communities in Minnesota are exposed to higher levels of air
pollution, an inequality that is especially apparent in the distribution of air pollution from vehicles
(Figure 16). Compounding this inequity is the fact that the people most impacted by traffic also tend to
own fewer vehicles and produce smaller pollution footprints by driving less and being more likely to
carpool, use public transit, and get around using other car-free modes.”> The pollution from trafficis
widespread and degrades the air quality not only around homes, but also around hospitals, schools,
nursing homes, and daycares.

75 Traffic, Air Pollution, Minority and Socio-Economic Status: Addressing Inequities in Exposure and Risk. Gregory C. Pratt, et al.
http://www.nchi.nlm.nih.qov/pmc/articles/PMC4454972/
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Figure 16: Disparities in air pollution risk faced by Minnesota communities”®
Not all Minnesota communities facethe samerisksfrom air pollution. In general, low-income communities and especially
communities of color and indigenous communities face higher risks than the state as a whole.

Air quality risk
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Housing segregation, the result of discriminatory housing and lending policies, underpins many of the
environmental disparities we see today. A history of redlining, racial covenants, and inequitable
highway routing has put the homes of these communities near busier roads.”” These structural
inequalities built into Minnesota’s public systems continue to harm Black, Indigenous, and People of
Color communities. Cities in Minnesota rank poorly in termsof housing segregationand racial disparities
in health outcomes.”® Within Minneapolis and St. Paul, historical construction projects for highways 1-94
and I-35 cut through prominent Black communities.”? Despite occurring decades ago, these highway
construction projects and housing policies that benefitted white residents have had lasting effects on
the segregation of Minnesota's cities and the disparities in air pollution. These communities continue to
be placed at greater risk of negative health impactsfrom traffic's pollution, noise, and physical hazards,
such as pedestrian injuries.

The analysis below highlights where elevated light-duty traffic emissions in Minnesota are occurring
today and identifies the areasthat would benefit most from cleaner vehicles in the future. Three data
sources were used for the equity analysis below:

76 MIPCA, “Disproportionate Impacts in Minnesota,” https://www.pca.state.mn.us/air/disproportionate-impacts-minnesota
(accessed 7/13/2020)

77 For one example of these racially-motivated policies, see the Mapping Prejudice project at
https:.//www.mappingprejudice.org/index.htmi.

See also, Institute on Metropolitan Opportunity, University of Minnesota, “Redlining in the Twin Citiesin 1934: 1960s and
Today,” https://umn.maps.arcgis.com/apps/MapSeries/index.html?appid=8b6ba2620ac5407ea7ecfb4359132ee4 (accessed on
7/27/2020)

78 For one recent study, see the Washington Post, “Racial inequality in Minneapolisis among the worst in the nation” at
https://www.washingtonpost.com/business/2020/05/30/minneapolis-racial-inequality/ (accessed on 7/7/2020)

79 See MNOPEDIA, “Neighborhood Resistance to 1-94, 1953-1965,” https://www.mnopedia.org/event/neighborhood-resistance-
i-94-1953-1965.

See also, MnDOT, Rethinking I-94, “I-94 Documentary, Part One —Interstate 94: A History and Its Impact,”
https://www.dot.state.mn.us/I-94minneapolis-stpaul/background.html (accessed 7/23/2020)

See also, A Public History of 35W, https://35w.heritage.dash.umn.edu/ (accessed 7/23/2020)
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a) Areas ofconcern for environmental justice: The MPCA considers tribal lands and Census Tracts
with higher proportions of low-income residents and higher proportions of Black, Indigenous,
and people of color residents as areas of concern for environmental justice.

b) Light-duty traffic density and emissions: The MN Department of Transportation (MnDOT)
counts the frequency of vehicles on roads across the state. This information provides the
location of high trafficroad segments in Minnesota, as well as an estimate of the total traffic
density for any area. EPA's mobile source emissions tool, MOVES, was used to calculate the
emissions produced by the monitored light-duty vehicle traffic levels. These emissions in turn
were input into EPA's air dispersion model AERMOD tofind the expected pollutant
concentrations to which a person may be exposed.

c) Sensitive land uses: Mapsare publicly-available for four institution types providing essential
services tomore vulnerable populations: licensed hospitals, elementary schools, daycares, and
nursing homes.

i. Areas of concern for environmental justice
The state of Minnesota is committed to ensuring pollution does not have a disproportionate impact on
any group of people and that everyone has opportunities to participate in decisions that may affect their
environment or health. As a screening tool for prioritizing areaswith the potential for disproportionate

environmental impacts, the MPCA uses U.S. Census Tractsas a geographic unit to identify areas of
concern for environmental justice. 8°

These areas include:

e Tribal lands

e Census Tracts with at least 50% of the population identifying as Black, Indigenous, and
people of color

e Census Tracts with greater than 40% of household incomes below 185% of the Federal
poverty level

ii. Light-duty vehicle traffic density
Roads serve many purposes, not least of which is to serve as a primary route of transport for the people,
goods, and services in our cities and around our state. Depending on where one lives, the amount of
traffic on the nearest roads mayrange from as few as 10 vehicles per day to over 100,000 vehicles per
day. Ingeneral, the average road sees close to 3,000 vehicles per day. For this analysis, the busiest 10%
of road segmentswith over 10,000 vehicles per day are classified as “busy roads.” The traffic monitoring
data shown in Figure 17 is provided by MnDOT. 8!

80 More about MPCA’s environmental justice framework, including maps of all areas of concern for environmental justice in
Minnesota, can be found at www.pca.state.mn.us/EJ.

81 MinDOT, Traffic forecasting and analysis, http.//www.dot.state.mn.us/traffic/data/tma.html.
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Figure 17: Daily light-dutytrafficvolume

The map below shows Minnesota’s road network color-coded by the average daily number of vehicles in 2014. Darker lines show
busier road segments. MnDOT reports each road’s traffic volume in units of Annual Average Daily Traffic, or the number of
vehicles one would expect to see on that road each day.
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The MPCA followed these steps to calculate air pollution concentrationsfrom the light-duty vehicle
traffic volumes shown above.

1. The MPCA used EPA's MOVES model to calculate the emissions to the light-duty vehicle traffic levels
monitored above. While there are hundreds of pollutants emitted by vehicles, 82 this analysis focuses
primarily on the emissions of PM, 5. The analysis focuses on PM, 5 because of its well-understood
and documented health effects, and because the proposed rule specifically targets PM, 5 emission
reductions from vehicle tailpipes.

2. We next found where the pollution from roads is transported by using EPA's regulatory air
dispersion model AERMOD 23 to apply the influence of wind, temperature, and other meteorology
factors to the emissions from vehicles. With this information, the model generatesthe expected
annual average concentration of PM, s produced by light-duty vehicle traffic at every location
around the state.

The results showed that the annual average concentration of PM, 5 contributed by light-duty vehicle
trafficin the Twin Cities Metro Area rangesfrom roughly 0.5 pg/m3to 4 ug/m3. At the high end, 4 pg/m3
represents about one third of the federal air quality standard for PM, 5, whichis currently set at a level
of 12 ug/m3. For some areasnear busy roads, light-duty vehicle traffic is the number one source of

82 EpPA, “Expanding and updating the master list of compounds emitted by mobile sources—phase Ili: final report,” February
2006, https://nepis.epa.qov/Exe/ZyPDF.cqi/P1004LIZ.PDF?Dockey=P1004LIZ.PDF.

83 EPA, Air quality dispersion modeling —preferred and recommended models, https:.//www.epa.qov/scram/air-quality-
dispersion-modeling-preferred-and-recommended-models (accessed July 1, 2020).
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direct emissions of PM, s. Figure 18 shows the range of pollutant concentration results for the light-duty
vehicle traffic densities observed across Minnesota. Depending on one’s proximity to high-traffic roads,
the expected PM, 5 concentration from light-duty vehicle traffic may be more than ten times higher than
what one would breathe near less busy roads.

Figure 18: Modeled PM s pollution concentrations from light-dutyvehicle traffic

Modeling results show light-duty vehicle traffic contributes between 0.1 ug/m3 of PM2.5 in remote rural areas and up to roughly
4 ug/m3 near the busiest roadways in the Twin Cities Metro Area. The amount of traffic pollution (yellow to blue shading) is
overlaid with MPCA’s areas of concern for environmental justice (outlined shapes in grey) and tribal boundaries (outlined shapes
in purple), showing the alignment between vehicle pollution and areas of concern for environmental justice.
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iii. Disproportionate impacts
When looking at where the highest light-duty vehicle traffic emissions occur, we find higher modeled
concentrations of air pollution in Census Tractsidentified as areasof concern for environmental justice,
and especially in those Census Tractswith higher proportions of residents identifying as Black,
Indigenous, and people of color, as can be seen in Figure 19.

Figure 19: Current light-duty vehicle pollutionhigherin areas of concern for environmental justice

The figure shows the average modeled PM> s concentrations from light-duty vehicle traffic for areas of concern for
environmental justice. The concentrations are higher for areas of concern for environmental justice in general, and even more
so for areas with higher proportions of Black, Indigenous, and people of color (note that the figure uses “People of Color” to
identify these populations).

PM2.5 concentration in ug/m?3

1.00

0.75
0.50
0.25
0.00
People of color All Lower income Outside
EJ areas EJ areas EJ areas EJ areas
iv. Increasing benefits over time

While emissions benefits from the proposed rule are expected the first year of implementation, the
rule’s benefits will continue to grow as the share of new cars increases in the fleet. By 2034, MPCA'’s
analysis estimatesthe proposed rule would result in an annual reduction of 530 tons of PM, 5 emissions
compared to the reference (business as usual) scenario. Based on current light-duty vehicle traffic, this
reduction is equivalent to 25% of the total PM, s emittedin one year from light-duty vehicles. Depending
on an area'slight-duty vehicle traffic density, the improvement in air pollution from cleaner vehicles will
result in a range of pollution benefits. In remote low-traffic areas with less light-duty vehicle traffic-
related air pollution, the decrease in PM, s may be less than 0.01 pug/m3, while reductions in areas with
higher traffic density are expected to approach 1.0 ug/m3.

By distributing the emission benefits from Clean Cars Minnesota in proportion to current light-duty
vehicle traffic patternswe found that the areasof concern for environmental justice would see the
greatest reductions in PM, 5 pollution, especially in areaswith higher proportions of residents who are
Black, Indigenous, and people of color (Figure 20). For triballands in rural parts of the state,the roads
generally have lower volumes of light-duty vehicle trafficand therefore may experience lower than
average air quality benefits. For each of the categories below, the average pollutant concentration was
calculated using a population-weighted mean across all of the Census Tracts. This ensures that a Census
Tract with 1,000 people will count more towards the average thana Census Tract with fewer than 100
people.
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Figure 20: Greater pollution benefits for areas of concernfor environmental justice, PM2.5 reducedin 2034.

This figure shows the average annual PM> s air concentration reductions in units of ug/m3 that are estimated to result from the
proposed rulein year 2034. The air quality benefits are higher for areas of concern for environmental justice (referred to as “EJ
Areas” in the graphic)in general, and even more so for areas with higher proportions of Black, Indigenous and People of Color
(note that the figure uses the abbreviation “BIPOC” to identify these populations). Areas of the state, including Tribal lands, with
lower light-duty vehicle traffic volumes and therefore lower light-duty vehicle traffic-related PM:.5 concentrations are
anticipated to experience smaller reductionsin PM:.5 from vehicles.
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V. Sensitive land uses

Certain land uses, such as hospitals, schools, nursing homes, and daycaresconcentrate people who are
more vulnerable to the harmful effects of air pollution due to age or health conditions. Important
services like hospitals and daycares are often sited near major roads and transport hubs to make them
more accessible. These siting decisions can mean that people who use these services, who are often
more vulnerable to the effects of air pollution, may be exposed to higher levels of traffic-relatedair
pollution. For this reason, reductions to light-duty vehicle emissions will benefit some of the most
vulnerable to air pollution. In this analysis, the MPCA examined the potential benefits of the proposed
rule on air quality near sensitive land uses, and how these benefits would be distributed in relation to
areasof concern for environmental justice.

Sensitive land uses are areas or places used by individuals that are more vulnerable to health risks from
exposure to poor air quality. For example, individuals older than 65 years of age are more susceptible to
air pollution-related ilinesses such as stroke, asthma, heart disease, lung cancer, and other respiratory
diseases. Similarly, individuals with pre-existing medical conditions, such as people admitted to hospitals
and other healthcare facilities, are more prone to developing air pollution-related illnesses. We
evaluated four institution types that provide public services to populations more vulnerable to air
pollution.

1. Licensed hospitals:MDH provides location information for all licensed hospitals in the state at
https://gisdata.mn.gov/dataset/health-facility-hospitals.
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Daycares: Minnesota Department of Human Services provides location information for all daycares
in the state. Itis publicly available by request.

Elementary schools: Minnesota Department of Education provides location information for all
schools in the state. Itis publicly available by request.

Nursing homes: MDH provides location information for all licensed nursing and boarding care
homes in the state at https://gisdata.mn.gov/dataset/health-facility-nursing-boarding.

Using licensed hospitals as an example, the steps below show how we calculated the relative light-duty
vehicle traffic emissions across the areasof concern for environmental justice:

1.

We started by highlighting the hospitals that are located within 300 meters of a busy roadway. Busy
roads are defined for this analysis as those with more than 10,000 vehicles per day on average. As
can be seen in Figure 21, the result for licensed hospitals is that roughly 28% (38 out of the 134) are
near high levels of light-duty vehicle traffic.

Figure 21: Licensed hospitals near busy roads.

There are 134 licensed hospitals distributed across the entire state of Minnesota. The 34 located within 300 meters of a high
traffic roadway are highlighted below.
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We then found the likelihood of someone’s closest hospital being near a busy roadway if they live in
an area of concern for environmental justice. For people living in lower income Census Tracts, their
closest hospital was near high traffic roughly 65% of the time. For Census Tractswith a higher
proportion of residents identifying as Black, Indigenous and people of color, that percentage rose to
90%.

Finally, using the PM, s modeling from above we estimated the air quality for each Census Tract's
closest hospital. In Minnesota, the PM, 5 concentration contributed by light-duty vehicle trafficto a
Census Tract’s closest hospital was 0.57 ug/m3 on average. Looking specifically at hospitals near
areaswith lower incomes, the average PM, s pollution contributed from light-duty vehicle traffic was
0.74 ug/m3. The greatest impactson air quality were estimated for the closest hospitals serving
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areaswith a higher proportion of residents identifying as Black, Indigenous and people of color. For
these hospitals, the average PM2.5 concentration was 1.1 pug/m3.

The steps outlined above were used to analyze air pollution around licensed hospitals as well as the
other identified sensitive land uses: elementary schools, daycares, and nursing homes. Tables 49-51
summarize the results of these analyses. The MPCA found that sensitive land uses that serve areas of
concern for environmental justice are more often near high-traffic roadways (Table 49) and therefore
more often have higher levels of PM, s from light-duty vehicle traffic (Table 50).

Table 49: Sensitive land uses for areas of concern for environmental justice more often near high trafficroads.

Land Use Statewide  Outside EJ Areas: EJ Areas: Tribal
Count EJ Areas Low Income BIPOC Areas

Liszmgedl ) 57% 65% 90% 20%
Hospitals

Elem. 1,302 27% 44% 58% 20%
Schools

Daycares 1,815 47% 51% 66% 20%
Nursing 374 43% 45% 589% 13%
Homes

The table below shows the percent of each of the services that are located near high light-duty vehicle traffic. The percentages
increase for services near areas of concern for environmental justice in general, and even more so for areas with higher
proportions of Black, Indigenous, and people of color.

Table 50: Current light-duty vehicle PM, s is higher for sensitive land uses near areas of concern for
environmental justice.

Land Use Outside EJ  EJ Areas: EJ Areas: Tribal
Areas Low Income BIPOC Areas

Licensed

Hospitals 0.3 0.7 1.1 0.1
Elem.

Schools 03 0.6 1 0.02
Daycares 03 0.7 1 0.1
Nursing 0.4 0.7 1.2 0.04
Homes

The table below shows the average modeled PM..5 concentrations in units of ug/m3 from light-duty vehicle traffic for each of the
sensitive land uses. The concentrations are higher for services near areas of concern for environmental justice in general, and
more so for services near areas having higher proportions of Black, Indigenous, and people of color.

The MPCA’s analysis also estimated that sensitive land uses in areas of concern for environmental
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justice would likely see greater thanaverage PM2.5 exposure benefits as a result of the Clean Cars
Minnesota rule (Table 51).

Table 51: Estimated PM. s reductionbenefits of Clean Cars Minnesota for sensitive land usesin 2034.

Land Use Qutside EJ EJ Areas: EJ Areas: Tribal
Areas Low Income BIPOC Areas

Licensed

Bk 0.13 0.18 0.28 0.03

Elem.

Schools 0.08 0.15 0.25 0.01

Daycares 0.08 0.18 0.25 0.03

Nursing 0.1 0.18 03 0.01

Homes

The table below shows the average modeled PM. .5 air concentration reduction in ug/m?3. The air quality benefits are higher for
the services near areas of concern for environmental justice in general, and more so for areas having higher proportions of
Black, Indigenous, and people of color.

In conclusion, the equity analysis indicated that communities that are disproportionately burdened with
air pollution are anticipatedto benefit most from this proposed rule, althoughtheir air pollution
exposure will remain higher thanthe statewide average. The Clean Cars Minnesota rule would help
begin to close the gap in air pollution exposure from vehicles and other sources between communities
of concern for environmental justice and the rest of the state, but is only one step among many that will
be needed to achieve equitable air quality.

5. Economic slowdown sensitivity analysis

The MPCA also considered the impact that the ongoing COVID-19 pandemic, and the associated
economic impacts, could have on the analysis conducted as part of this rulemaking. The pandemic may
result in yet-unknown, but potentially significant economic repercussions that could affect the overall
passenger vehicle market in the state, including EVs. Even though these standards are not expected to
be implemented until MY 2025 at the earliest, 24 if the economic impacts of COVID-19 last long enough,
they could affect both the business-as-usual Reference scenario as well as the Clean Cars Minnesota
scenario and all the future emissions benefits; consumer impacts; and health, equity, and climate
estimatesthat the MPCA has analyzed. In this section, we examine the potential impacts of a future low
economic growth scenario on the analysis of LEV and ZEV standards of Minnesota.

To consider the potentialimpacts of an economic downturn in Minnesota due to COVID-19in our
analysis, the MPCA adjusted various key inputs, including totalannual LDV and EV sales, to reflect a

84 Even though the standards will not be implemented before MY 2025, EVand LDV sales are relevant to the analysis of
establishing an initial ZEV credit bank (addressed in Section 6), which may take into account “early-action” sales as soon as MY
2022.
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potentially economically depressed future. The resulting outputs were compared to the results of our
emissions benefits analysis and costs and benefits to Minnesota consumers analysis in Sections 2(C),
3(A), and 3(B) of this document. We refer to the inputs and results from Sections 2 and 3 as our “primary
analysis and results”.

To adjust LDV and EV sales to reflect a potential economic downturn, MPCA referred to the EIA 2020
AEOQ Reference scenario as well as the EIA 2020 AEO Low Economic Growth scenario projections of total
LDV sales for the West North Centralregion of the U.S. as well as projections of BEV and PHEV sales. 8>
The EIA 2020 AEO Low Economic Growth scenario assumes a 0.5 percentage points lower annual growth
in U.S. gross domestic product relative to the reference case. ¢ Since economic growth largely drives
consumption and demand, including for vehicles, and the economic repercussions of the COVID-19
pandemic may slow economic growth in Minnesota and the U.S. as a whole, using the EIA’s Low
Economic Growth scenario is a reasonable way to reflect how the pandemic may affect the benefits and
costs of the proposed rule. We used the proportional differences betweenthe EIA2020 AEQ’s Reference
scenario LDV sales for the West North Central Regionto the Low Economic Growth LDV sales to adjust
our Reference scenario LDV sales to our Economic Slowdown scenario LDV sales. For example, total
2025 LDV sales in the 2020 AEO Low Economic Growth scenario are 5.02% lower than in the 2020 AEO
Reference scenario. Thus, in the MPCA’s Economic Slowdown scenario MY 2025 LDV sales were reduced
from our primary analysis Reference scenario by 5.02%, from 253,385 vehicles to 240,674 vehicles. The
percentage difference betweenthe 2020 AEO Reference scenario LDV sales and the 2020 AEO Low
Economic Growth scenario grows over the remaining years. Table 52 lists the annual differences
between the two 2020 AEO scenarios and how those differences were used to adjust the MPCA’s
Reference scenario LDV sales used in our primary analysis to MPCA’s Economic slowdown LDV sales..

Table 52: Total LDV sales reductionfor low economic growth scenario.

MPCA Reference MPCA Economic
scenario LDV LDV salesreduction | Slowdown scenario

Model year sales from EIA 2020 AEO LDV sales

2025 253,385 -5.02% 240,674

2026 251,104 -5.82% 236,485

2027 247,840 -6.29% 232,248

2028 243,379 -6.63% 227,252

2029 237,538 -8.34% 217,725

2030 230,649 -9.22% 209,375

2031 224,883 -9.83% 202,772

2032 222,634 -10.37% 199,539

2033 226,641 -10.84% 202,081

2034 237,067 -11.40% 210,051

The MPCA used the proportional differences between the EIA 2020 AEO’s Reference scenario LDV sales for the West North
Central Region to the Low Economic Growth LDV sales to adjust our Reference scenario LDV sales to our Economic Slowdown
scenario LDV sales.

85 EIA 2020 AEO Reference Scenario and Low Economic Growth Scenario projections can be found at:
https.//www.eia.gov/outlooks/aeo/tables_ref.php

86 A fuller description of the EIA 2020 AEO Low Economic Growth scenario can be found at
https.//www.eia.gov/outlooks/aeo/pdf/ae02020.pdf.
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Similarly, for both BEV and PHEV sales in MPCA’s Economic Slowdown scenario, we adjusted the linear
growthsales used in our primary analysis Reference scenario by the proportional differences in BEV and
PHEV sales betweenthe EIA 2020 AEO’s Reference scenario BEV and PHEV sales for the West North
Central regionand the EIA 2020 AEO’s Low Economic Growth BEV and PHEV sales for the region. Thus, in
the MPCA’s Economic Slowdown scenario, BEV and PHEV sales grow at slower ratesthan they would be
if following linear trajectoriesfrom recent Minnesota BEV and PHEV sales. The resulting EV sales total
used for MPCA’s Economic Slowdown scenario were 8.0 - 11.5% lower than those used in our primary
analysis.

An economic slowdown also affects the number of EV sales needed to comply with the ZEV standard.
The ZEV standard compliance requirements (calculated using the ZEV Compliance Calculator, as
described above in Section 1(C)(ii)) are based on total LDV sales in the prior second, third, and fourth
model years. Therefore, with lower LDV sales, compliance requirements are reduced. Since compliance
requirements are based on total LDV sales in the prior second, third, and fourth model years, the
economic downturn today reduces compliance requirements several years from now. Thus, EV sales in
the Clean Cars scenario under an Economic Slowdown scenario were 8.1—11.6% lower thanthose used
in the primary analysis. Table 53 presents the Economic Slowdown scenario EV sales for MYs 2025-2034
along with the BEV and PHEV sales the MPCA estimateswould be required for compliance (calculated
using the ZEV Compliance Calculator), and additional BEV and PHEV sales that would be needed to
comply with the ZEV standard.

Table 53: Minnesota Economic Slowdown scenario LDV, BEV, and PHEV sales, BEVs and PHEVs estimatedto be
required for ZEV standard compliance, and the additional BEVs and PHEVs sales that would be requiredfor
compliance

BEV PHEV Total EV

salesin | salesin salesin

absence | absence | absence BEVs PHEVs Additional | Additional
Model | LDV of ZEV of ZEV of ZEV % oftotal | neededfor | needed for | BEVsto PHEVsto
year sales standard | standard | standard | LDV sales | compliance | compliance | comply comply
2025 | 240674 | 5,163 1,645 6,808 2.8% 10,865 6,637 5,702 4,992
2026 | 236485 | 5,627 1,775 7,402 3.1% 11,072 6,370 5,444 4,595
2027 | 232,248 | 6,114 1,907 8,021 3.5% 11,262 6,086 5,148 4,179
2028 | 227,252 | 6,611 2,042 8,653 3.8% 11,268 5,705 4,657 3,663
2029 217,725 | 7,006 2,145 9,151 4.2% 11,180 5,287 4,174 3,142
2030 | 209,375 | 7,500 2,268 9,768 4.7% 11,051 4,863 3,551 2,595
2031 | 202,772 | 7,984 2,389 10,373 5.1% 10,830 4,416 2,846 2,027
2032 199,539 | 8,444 2,514 10,958 5.5% 10,535 3,962 2,091 1,448
2033 | 202,081 | 8,967 2,634 11,601 5.7% 10,208 3,521 1,240 887
2034 | 210,051 | 9,395 2,730 12,125 5.8% 9,981 3,134 585 405

This table estimates Minnesota BEV and PHEV sales in MPCA’s Economic Slowdown scenario as well as ZEV standard compliance
requirements and additional BEV and PHEV sales that would be necessary to meet ZEV standard requirementsin the Economic
Slowdown scenario. ZEV requirements flat linein MY 2025, so the gap between business-as-usual sales and ZEV compliance
shrinks after 2025 even when business-as-usual entails slower than linear growth rates.

A potential economic slowdown also affects MPCA’s analysis of the establishment of initial ZEV credit
banks. These affects are addressed in Section 6.
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A. Emissions benefits results

The MPCA estimates under our Economic Slowdown scenario that low economic growth could result in
fewer emissions benefits compared to the analysis in Section 2. Under the Economic Slowdown
scenario, the MPCA estimatesimplementation of the proposed rule would result in a GHG emissions
reduction of 6.6 million tons from vehicle tailpipes, measured in carbon dioxide equivalents (CO,e), over
the first 10 model years of implementation, which a decrease of 0.5 million tons from our primary
results (see Section 2(C) for primary emissions benefit results), or about a 7% decrease in tailpipe GHG
benefits. The proposed rule would result in a reduction of 1.1 million tons of tailpipe GHG emissions in
the year 2034, which equates to a 2.5% reduction from 2005 transportation GHG emission levels, and a
3.2% reduction from 2005 levels of surface transportation emissions. Maximum annual projected GHG
reductions in vehicle tailpipe emissions beyond 2034 are estimatedto be 1.6 million tons annually
(down from 2.0 million), equating to a 4.8% reduction from 2005 surface transportation emissions
(down from 5.8% in our primary analysis).

MPCA estimates that the proposed rules under a low economic growth scenario would also result in a
total upstream GHG emissions reduction of 1.2 million tons over the 10 years leading up to 2034 (down
from 1.3 million) from a reduction in upstream liquid fuel extraction, transportation, and production,
even after considering the upstream emissions from electricity generationto power additional EVs.

The MPCA’s analysis estimatesthat by 2034 annual well-to-wheel GHG emissions benefits under a low
economic growth scenario would be 1.3 million tons, down from 1.4 million as estimated in our primary
analysis.

MPCA’s analysis indicates that implementation of the proposed rules together under a low economic
growth scenario would result in an annual well-to-wheel emission reduction of 920 tons of NMOG + NOy
(down from 998) and 579 tons of PM (down from 637) in 2034. These well-to-wheel emissions
reductions equateto 5,658 tons of NMOG + NOy and 2,979 tons of PM reduced over the first 10 years of
the rule (down from 6,059 and 3,245, respectively). Over the first 10 years, our analysis estimatesthe
proposed rules would reduce PM tailpipe emissions by 2,785 tons (down from 3,032).

In summary, aneconomic slow-down that resulted in fewer LDVsand EVs being sold in Minnesota would
still result in an emissions benefit of all three pollutants, and would not significantly reduce the
emissions benefits achieved otherwise.

B. Costs and benefits to Minnesota consumers
The analysis of costs and benefits to Minnesota consumers presented above in Section 3 showed there
is likely tobe positive consumer benefits resulting from both the LEV and ZEV standards in Minnesota.
Since this analysis showed likely per-vehicle benefits for both standards, even if there are fewer new
vehicles sold in an economic slowdown, there would still be overall consumer benefits. In this section
we estimate how the consumer benefits presented in Section 3 may change in an economic slowdown
over the MY 2025-2034 time frame. As we did in Section 3, we first evaluate the LEV standard and then
evaluate the additional consumer impacts of the ZEV standard.

i. LEV standard consumer impacts in an economic slowdown
With the same assumptions as the analysis in Section 3,87 except for the number of LDVssold in
Minnesota, the total consumer economic impact of the LEV standard in Minnesota in the Economic

87 For example, we assume that even with the reduced demand for LDVs caused by the economic slowdown, that the relative
cost difference between a LEV-certified vehicle and a SAFE-certified vehicle is unchanged.
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Slowdown scenario is straightforward. The consumer impact per vehicle would be the same as
estimatedin Section 3, so to estimate the total consumer impact over vehicle lifetimes for MYs 2025-
2034 vehicles purchased in Minnesota, all thatis needed is to multiply the same per-vehicle consumer
impact by the Economic Slowdown scenario vehicle sales. For example, in Section 3, the MPCA
presented consumer estimates based on the January 2017 Final Determinationand MPCA’s fuel saving
analysis of an MY 2025 LEV-certified vehicle: using a 3% discount rate, there is an average consumer
savings of $186 over a vehicle’s lifetime and using a 7% discount rate, there is an average consumer cost
of $107 over a vehicle’s lifetime. Multiplying the LEV consumer costs or savings for each 2025-2034
model year by the estimated number of Minnesota LDV sales for each model year in the Economic
Slowdown scenario results in an estimated total consumer benefit of $147 million using a 3% discount
rate. For comparison the total estimated consumer benefit using a 3% discount rate under the
Reference scenario in Section 3 was $161 million. Using a 7% discount rate, the total estimated
consumer cost in the Economic Slowdown scenario is $437 million, compared to a total estimated
consumer cost using a 7% discount rate under the Reference scenario in Section 3 of $475 million.

Using the total estimated per-vehicle consumer savings in the SAFE FRIA, which were significantly higher
than the consumer savings the MPCA derived from the January 2017 Final Determination analysis,
would lead to even larger consumer benefits, regardless of the effect of economic conditions on
Minnesota LDV sales.

One potential adjustment to our assumptions, besides total LDV sales, in the Economic Slowdown
scenario stems from the potential impacts of an economic slowdown on gasoline prices. The Alliance for
Automotive Innovation pointed out to the MPCA that economic conditions in the wake of the COVID-19
pandemic may include lower fuel prices, which could diminish the fuel savings to the Minnesota
purchaser of a LEV-certified vehicle relative to a SAFE-certified vehicle.®® To address this possibility, the
MPCA reanalyzedthe LEV fuel savings, but instead of using the EIA’s 2019 AEO Reference case gasoline
prices, we considered the EIA’s Low Economic Growth scenario gasoline prices and the EIA’s Low QOil
Price scenario gasoline prices. As can be seen above in Figure 14, the Low Economic Growth scenario
fuel prices are very close to the Reference case fuel prices. However, as Figure 14 shows, the Low Oil
Price gasoline prices are considerably lower. Table 54 summarizes the variation in projected gasoline
prices in these three scenarios.

Table 54: Motor gasoline projected prices (in 2018 dollars) in three future scenarios in EIA 2019 AEO®°.

2019 AEO scenario 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035
Reference $3.12 | $3.15| $3.18 | $324 [ $326 | $334 | $336| $339 | $342 | $344 | $346| $348
Low EconomicGrowth | $3.10 | $3.11 | $3.10 | $3.18 | $3.20 | $3.23 | $3.28 | $3.30 | $333 | $3.36 | $337 | $3.38
Low Oil Price $243 | 5241 | $237 [ 5238 [ $238 | $242 | $242 | $242 | $243 | $244 | 5243 | S244

The EIA projects future gasoline prices to be only slightly affected in the future Low Economic Growth scenario relative to the
reference case. Future gasoline pricesin the Low Oil Price scenario, however, are more severely impacted.

88 Specificallly, the Auto Innovators commented that “...we caution that AEO’s low economic growth scenario may not be
conservation [sic] enough to assess the uncertainty presented by COVID-19’s yet-to-be determined impacts on the economy, the
vehicle market, and advanced technology sales. Additionally, PCAmight consider the AEO

2020 “Low Oil Price” scenario.”

89 All data in this graph available at: https.//www.eia.gov/outlooks/aeo/data/browser/#/?id=3-AE02019&region=1-
4&cases=ref2019&start=2017&end=2033&f=A&linechart=""ref2019-d111618a.6-3-AE02019.1-4&map=ref2019-d111618a.4-3-
AE02019.1-4&ctype=linechart&sourcekey=0
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MPCA has repeated the per-vehicle LEV standard fuel savings analysis presented above in Section
3(A)(iii), but with the Low Economic Growth scenario and the Low Qil Price scenario. Again, we have
considered undiscounted fuel savings over vehicle lifetimes as well as fuel savings discounted at 3% and
7% ratesfor each 2025-2034 model year. These results are summarizedin Table 55. For comparison, the
table also shows the results using the Reference scenario gasoline prices, which were presented above
in Tables 20-22.

Table 55: Comparison of LEV standard per-vehicle lifetime fuel savings (in 2018 dollars)underthree different EIA
2019 AEO gasoline prices scenarios.

Low Economic Growth scenario Low Oil Price scenario gasoline
Reference Scenario gasoline prices gasoline prices prices

Model | Un- 3% disc. 7% disc. Un- 3%disc. | 7% disc. | Un- 3% disc. 7% disc.
Year discounted | rate rate discounted | rate rate discounted | rate rate
2025 | $2,042 $1,712 $1,384 $1,993 $1,672 | $1,352 | $1,476 $1,240 $1,006
2026 $1,809 $1,517 $1,227 51,764 $1,479 $1,196 $1,297 $1,090 $883
2027 $1,831 $1,536 $1,243 $1,785 $1,498 $1,212 $1,304 $1,096 5889
2028 $1,851 $1,553 $1,257 $1,802 $1,513 $1,224 | 51,311 $1,102 $894
2029 $1,871 $1,570 $1,271 $1,820 $1,528 $1,237 $1,318 $1,108 $899
2030 51,887 51,584 $1,283 51,837 $1,543 $1,249 $1,322 $1,112 $902
2031 $1,904 $1,599 $1,295 $1,852 $1,556 $1,260 $1,327 $1,116 $906
2032 51,920 $1,612 51,306 51,867 51,568 $1,270 51,332 $1,121 [ $909
2033 | $1,935 $1,625 $1,316 $1,880 $1,579 $1,280 | $1,337 $1,124 $912
2034 $1,949 $1,637 $1,326 $1,891 $1,589 $1,288 51,341 $1,128 $916

Per-vehicle fuel savings would be lower if there are lower future gasoline prices. There is not much difference between the

Reference scenario and the Low Economic Growth scenario but a larger difference between the Reference scenario and the Low
Oil Price scenario.

Table 56 compares the total cumulative fuel savings over the lifetimes of vehicles for MYs 2025-2034.
These totals were derived by multiplying the per-vehicle savings for each model year by the total
projected Minnesota vehicle sales. For the Reference scenario, the total projected Minnesota LDV sales
are from the Reference scenario (see Table 1) while for the Low Economic Growth scenario and Low QOil
Price scenario, the total projected Minnesota LDV sales are from the Economic Slowdown scenario (see
Table 52).

Table 56: Total cumulative fuel savings (in 2018 dollars) overvehicle lifetimes for MYs 2025-2034 in Minnesota
under LEV standard using different EIA projections of future gasoline prices.

Discounting Reference Scenario Low Economic Growth Low Oil Price scenario
scenario gasoline prices scenario gasoline prices gasoline prices
Undiscounted $4.51 billion $4.39 billion $3.18 billion

3% discount rate | $3.79 billion $3.69 billion $2.67 billion

7% discount rate | $3.06 billion $2.98 billion $2.17 billion

Total projected cumulative fuel savingsin Minnesota under a LEV standard decrease in future scenarios of lower gasoline prices.

The estimated fuel savings under a LEV standardin Minnesota is clearly sensitive to future gasoline

prices. Given the relatively small lifetime per-vehicle savings (or costs) that MPCA has estimated for a
LEV-certified vehicle relative to a SAFE-certified vehicle (See Section 3(A)(iii)), if future gasoline prices
are significantly reduced as a result of an economic slowdown, it could tip the balance from an overall
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net benefit to an overall net cost for the vehicle owner. No one, however, can confidently predict future
gasoline prices and they could very well be higher thanthose we have used in our base analysis. Thus,
the MPCA determined it is reasonable to use the analysis based on reference fuel prices, even under an
economic slowdown in the wake of the COVID-19 pandemic.

The SAFE FRIA also considered a Low Oil Price Sensitivity Case in its estimation of per-vehicle fuel savings
and per-vehicle overall consumer savings.®° Using a 3% discount rate, the SAFE FRIA still found a small
overall per-vehicle savings for the average vehicle under existing federal standards (equivalent to the
LEV standard) relative to the final SAFE rule. Using a 7% discount rate, the SAFE FRIA found a small
overall per-vehicle cost for the average vehicle under existing federal standards relative to the final SAFE
rule. Based on all the analyses and future scenarios considered by the MPCA, most show an overall
consumer benefit for the owner of a LEV-certified vehicle while a few show an overall consumer cost.

ii. ZEV standard consumer impacts in an economic slowdown
As Table 53 shows, an economic slowdown may affect the number of new EVs in Minnesota under a ZEV
standard. The MPCA has reanalyzedthe ZEV standard consumer impacts (presented above in Section
3(B)) with the Economic Slowdown scenario projected new BEV and PHEV sales.

Tables 57-60 summarize the expected cumulative costs and savings of the ZEV standard in Minnesota
under the Economic Slowdown scenario, just as Tables 34-37 consolidated these results for the base
analysis in Section 3(B)(v). Table 57 presents the total cumulative cost savings of ZEV standard
compliance in Minnesota, relative toa hypothetical alternative where all the new BEVs and PHEVs
estimatedto be required for ZEV compliance for MYs 2025-2034 were instead ICE vehicles. Table 58
presents the expected cumulative cost savings of a ZEV standard relative to the Economic Slowdown
scenario with lower than linear EV sales growth. Tables 59 and 60 present the same estimates as Tables
57 and 58 but in net present value terms using a 3% discount rate.®?

Just as was the case in the base analysis in Section 3(B)(v), these tables show that greater vehicle costs
for BEVs and PHEVs are offset by fuel cost and maintenance savings. Table 57 shows that the total cost
associated with all the EVs estimated to be required for compliance with the ZEV standardin Minnesota
for the MY 2025-2034 in the Economic Slowdown scenario is $1.32 billion savings in undiscounted terms
(Table 57, slightly less thanthe $1.43 billion savings in the base scenario), $1.13 billion savings using a
3% discount rate (Table 59, againslightly less thanthe $1.22 billion savings in the base scenario), and
$900 million savings with a 7% discount rate (againslightly less than the $1.00 billion savings in the base
scenario). Relative to the Economic slowdown business-as-usual sales with slower thanlinear sales
growth, implementing the ZEV standardin Minnesota for the MY 2025-2034 time frame results in an
estimated $391 million savings in undiscounted terms (Table 58, almost exactly equal to the $389
million savings in the base scenario), $318 million savings in present value terms with a 3% discount rate
(Table 60, again nearly the same as the $315 million savings in the base scenario), and $243 million
savings witha 7% discount rate (again very close to the $239 million savings in the base scenario).

90 See Tables VII-476 and VII-477, on pages 1783-1788 of SAFE FRIA:
https.//www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/final safe fria web version 200330.pdf

91 The MPCA also analyzed fuel savings and maintenance savings using a 7% discount rate. These results are not presented in
tablesin this document, but we do report the total cumulative savings assuming both a 3% and 7% discount rate.
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Table 57: Total cumulative cost savings of ZEV standard compliance in the Economic Slowdown scenario (in
millions of dollars).

Annual
registration
Maintenance fees and Total net
Incremental vehicle cost Fuel cost savings savings taxes cost savings
First 5 First 5

Model Lifetime years Lifetime years Lifetime Lifetime
year BEV PHEV Total average @ average @ average | average average average
2025 | -534.07 | -538.76 | -572.84 | $85.08 | $39.44 = $79.59 | $39.37 -$14.51 $77.33
2026 -§19.71 -$35.75 -$55.46 $70.24 $32.57 $79.97 $39.56 -$13.31 $81.44
2027 -$6.24 | -$32.85 | -$39.09 | $71.55 | $33.43 | $80.21 | $39.68 -$12.20 $100.48
2028 $6.28 -529.64 | -$23.36 $71.56 $33.63 $79.14 $39.15 -511.03 $116.31
2029 $17.52 | -526.46 | -58.94 | $70.85 | $33.45 | $77.45 | $38.31 -$9.89 $129.46
2030 $28.60 -$23.47 $5.13 $69.74 $33.04 $75.50 $37.35 -$8.73 $141.65
2031 $39.09 -$20.52 $18.57 $67.90 $32.25 §72.98 $36.10 -$7.52 $151.94
2032 $48.79 -$17.70 $31.09 $65.56 $31.23 $70.03 $34.65 -$6.29 $160.39
2033 $57.70 -$15.10 $42.60 $72.19 $34.59 $66.94 $33.11 -$5.09 $176.63
2034 $66.61 -$12.88 $53.73 $69.20 $33.26 $64.56 $31.94 -$4.00 $183.48
Total $204.58 | -$253.14 @ -548.56 @ $713.88 | $336.88  $746.37 | $369.23 -$92.57 $1,319.11

Negative values indicate higher costs for BEVs or PHEVs relative to ICE vehicles. Positive values indicate savings for BEVs and
PHEVs relative to ICE vehicles. In undiscounted terms, the total estimated cumulative savings from all EVs estimated to be
required for compliance with the ZEV standard is $1.32 billion for MYs 2025-2034. This is the sum of incremental vehicle costs,
fuel savings, and maintenance savings for the lifetimes of all MY 2025-2034 vehicles.

Table 58: Total cumulative cost savings of ZEV standard compliance in the Economic Slowdown scenario (in
millions of dollars) relative to business-as-usual slower than lineargrowth EV sales

Annual
registration
Maintenance fees and Total net
Incremental vehicle cost Fuel cost savings savings taxes cost savings
First 5 First 5

Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average | average | average | average average average
2025 -$17.88 | -$29.16 -$47.04 $53.99 $25.09 $46.12 $22.82 -58.26 544.81
2026 -$9.69 | -$25.79 | -$35.48 | $40.09 | S$18.61 | $43.55 | $21.54 -$7.12 $41.04
2027 -52.85 -522.56 -$25.41 $38.12 $17.82 $40.70 $20.13 -$6.09 $47.32
2028 $2.60 -$19.03 -$16.44 $34.73 $16.34 $36.48 $18.05 -$5.05 549.73
2029 $6.54 -515.73 -$9.19 $31.14 $14.71 $32.29 $15.97 -$4.14 $50.11
2030 $9.19 -$12.52 -$3.33 $26.62 $12.62 $27.24 $13.48 -$3.21 547.31
2031 $10.27 -$9.42 $0.85 $21.42 $10.18 $21.68 $10.73 -§2.33 $41.62
2032 $9.68 -$6.47 $3.21 $15.78 $7.52 $15.81 $7.82 -$1.54 $33.26
2033 57.01 -$3.80 $3.21 $11.92 $5.72 $9.46 $4.68 -50.81 $23.77
2034 $3.91 -$1.66 $2.24 $5.58 $2.69 $4.42 $2.19 -$0.35 $11.90
Total $18.77 | -$146.14 | -5127.37 | $279.38 | $131.30 | $277.76 | $137.41 -$38.90 $390.87

Negative values indicate higher costs for BEVs or PHEVs relative to ICE vehicles. Positive values indicate savings for BEVs and
PHEVs relative to ICE vehicles. In undiscounted terms the total estimated cumulative savings of ZEV compliance, relative to the
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reference case EV sales growth scenario, is $391 million for MYs 2025-2034. This is the sum ofincremental vehicle costs, fuel
savings, and maintenance savings for the lifetimes of all MY 2025-2034 vehicles.

Table 59: Total net presentvalue of cumulative cost savings of ZEV standard compliance in the Economic
Slowdown scenario (in millions of dollars) assuming a 3% discount rate.

Annual
registration
Maintenance fees and Total net
Incremental vehicle cost Fuel cost savings savings taxes cost savings
First 5 First5
Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average | average | average | average average average
2025 -$34.07 | -538.76 -572.84 | §72.79 $36.65 $68.54 $36.65 -$12.85 $55.63
2026 -$19.71 | -$35.75 -555.46 | $60.08 $30.25 $68.86 $36.82 -$11.74 $61.74
2027 -$6.24 -$32.85 -$39.09 | $61.25 $31.06 $69.07 $36.94 -$10.72 $80.51
2028 | $6.28 -$29.64 | -$23.36 | $61.29 $31.26 | $68.15 $36.44 -$9.65 $96.44
2029 $17.52 -$26.46 -58.94 $60.71 $31.10 $66.69 $35.66 -$8.60 $109.85
2030 | $28.60 |-523.47 | $5.13 $59.79 $30.72 | $65.01 $34.77 -$7.54 $122.40
2031 $39.09 -$20.52 $18.57 $58.23 $29.99 $62.84 $33.61 -$6.44 $133.20
2032 | $48.79 | -$17.70 | $31.09 | $56.23 $29.04 | $60.31 $32.25 -$5.33 $142.30
2033 $57.70 | -$15.10 $42.60 | $61.96 $32.17 $57.64 $30.82 -54.24 $157.96
2034 $66.61 | -512.88 $53.73 $59.41 $30.94 | $55.59 $29.73 -53.25 $165.48
Total $204.58 | -$253.14 | -$48.56 @ $611.74 @ $313.17 | $642.69 | $343.69 -$80.37 $1,125.51

Negative values indicate higher costs for BEVs or PHEVs relative to ICE vehicles. Positive values indicate savings for BEVs and
PHEVs relative to ICE vehicles. In present value terms with a 3% discount rate the total estimated cumulative savings from all
EVs estimated to be required for compliance with the ZEV standard is $1.13 billion for MYs 2025-2034. This is the sum of
incremental vehicle costs, fuel savings, and maintenance savings for the lifetimes of all MY 2025-2034 vehicles. Although the
table does not show it, ifa 7% discount rate were applied instead, the total estimated cumulative saving would be $900 million.
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Table 60: Total net present value of cumulative cost savings of ZEV standard compliance (in millions of dollars)
assuming a 3% discount rate relative to business-as-usual slowerthan linear growth EV sales.

Annual
registration
Maintenance fees and Total net
Incremental vehicle cost Fuel cost savings savings taxes cost savings
First 5 First 5

Model Lifetime Years Lifetime Years Lifetime Lifetime
year BEV PHEV Total average | average | average | average average average
2025 -$17.88 | -529.16 -$47.04 $46.30 $23.31 $39.80 $21.24 -$7.34 $31.73
2026 -59.69 -5$25.79 -$35.48 $34.38 $17.29 $37.58 $20.05 -56.30 $30.17
2027 -$2.85 -$22.56 -$25.41 $32.71 $16.56 $35.12 $18.74 -$5.37 $37.05
2028 $2.60 -$19.03 -$16.44 $29.82 $15.18 $31.48 $16.80 -$4.43 $40.43
2029 $6.54 -$15.73 -$9.19 $26.75 $13.68 $27.86 $14.87 -$3.62 $41.81
2030 $9.19 -$12.52 -53.33 $22.87 $11.73 $23.51 $12.54 -$2.80 $40.25
2031 $10.27 -$9.42 $0.85 $18.41 $9.47 $18.71 $9.98 -$2.02 $35.95
2032 $9.68 -$6.47 $3.21 $13.56 $6.99 $13.64 §7.28 -$1.33 $29.09
2033 $7.01 -$3.80 $3.21 $10.25 $5.32 $8.16 54.36 -50.69 $20.93
2034 $3.91 -$1.66 $2.24 $4.80 $2.50 $3.82 $2.04 -$0.30 $10.57
Total $18.77 | -5146.14 | -5127.37 | $239.85 | $122.04 | $239.68 | $127.90 -$34.20 $317.96

Negative values indicate higher costs for BEVs or PHEVs relative to ICE vehicles. Positive values indicate savings for BEVs and
PHEVs relative to ICE vehicles. In present value terms with a 3% discount rate the total estimated cumulative savings of ZEV

compliance, relative to the reference case EV sales growth scenario, is $318 million for MYs 2025-2034. Thisis the sum of

incremental vehicle costs, fuel savings, and maintenance savings for the lifetimes of all MY 2025-2034 vehicles. Although the
table does not show it, ifa 7% discount rate were applied instead, the total estimated cumulative saving would be $243 million.

Collectively, comparing the cumulative consumer savings in the Economic Slowdown scenario in Tables
57-60 to the base scenario cumulative consumer savings in Tables 34-37, we see that a future economic
slowdown is not likely to have significant impacts on the consumer benefits of a ZEV standardin
Minnesota. It should be noted, however, that all these analyses assume the same EIA2019 AEO

Reference scenario gasoline prices. As wasthe case in the analysis of consumer impacts of the LEV
standard in Section 5(B)(i), the consumer impacts of a Minnesota ZEV standard are also sensitive to
gasoline prices. However, since the overall consumer benefits of the ZEV standard in Minnesota are
considerably larger and are affected as much by maintenance costs savings as by fuel costs savings,?2 we
can conclude that even in a future with considerably lower gasoline prices, the ZEV standardis likely to
produce considerable benefits to Minnesota consumers.

iii. Health and equity impacts in an economic slowdown
With slightly lower emissions benefits in the Economic Slowdown scenario, as presented in Section 5(A),
we expect slightly lower health benefits of the proposed rule in a future economic slowdown. However,
since the estimated differences in emissions of PM, NMOG and NO, in a future economic slowdown
presented in Section 5(A) are relatively small and given the general uncertaintiesin healthimpacts
analysis, we would expect the overall magnitude of health benefits to be close to the base scenario

92 |t is also possible that a future economic slowdown will lead to reductionsin electricity prices such that the cost to fuel an EV
will also be lower in a depressed economy as would the cost to fuel an ICE vehicle.
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health benefits of the proposed rule presented in Section 4(A).

The distribution of benefits across the geography of Minnesota, as presented in the Equity analysis in
Section 4(B) is not expected to be affected by a future economic slowdown. There may be slightly lower
health benefits of the proposed rule in aneconomic slowdown, but the patternsof benefits to areas of
concern for environmental justice and to sensitive land uses relative to the state as a whole is not
expectedto be any different. Thus, regardless of the impacts of the COVID-19 pandemic on Minnesota’s
economy, we expect positive equity implications of the proposed rule.

6. Establishingan initial ZEV credit bank

Establishing an initial ZEV credit bank for manufacturersfor use in the first yearsof compliance with the
ZEV standard is an important mechanism for providing the compliance flexibilities envisioned by the ZEV
standard. California has been implementing iterations of the ZEV standard since the 1990s and does not
provide a mechanism for establishing an initial bank of ZEV credits. Establishing aninitial bank is outside
of the standards set by California and is, therefore, an implementationand enforcement choice left to
each state. Precedent in other states has established that statesadopting the ZEV standard for the first
time have the ability to establish their own mechanism for developing an initial credit bank.

The MPCA has two primary goals in establishing an initial ZEV credit bank: to incentivize EV sales in
Minnesota even before they are required, and to provide manufacturersreasonable mechanisms for
compliance flexibility, especially in the initial years of implementation. The MPCA analyzed several
different mechanisms to establish an initial credit bank. Most of these mechanisms entail manufacturers
selling BEVs and PHEVs in Minnesota prior to the date compliance with the ZEV standard is required, but
the means of accruing “early action” credits varies across the mechanisms. As in other partsof the
MPCA’s analysis, we used MY 2025 as the first effective model year, or first implementation year, of the
ZEV standard. While the first effective model year will be determined by when California’s CAA waiver is
deemed valid, MY 2025 is the earliest the ZEV rule could potentially be implemented in Minnesota. The
MPCA considered the following five mechanisms for establishing an initial ZEV credit bank:

1. Earlyaction only: Vehicle manufacturers earn bankable credits for sales of BEVsand PHEVs in
Minnesota for the three model years (anticipatedto be MYs 2022, 2023, and 2024) before
implementation of the ZEV standards.

2. Early action with multipliers: Early action credits for the model years before implementation of the
ZEV standard (estimatedthree model years, 2022-2024) are multiplied by factorsgreater thanone
so that early action sales earn more credits. This mechanism would provide extra incentive for
manufacturersto deliver vehicles for sale in the early action yearsand would also be likely to result
in larger initial credit banks. The MPCA considered a multiplier of 1.5 for both BEV and PHEV sales in
the earlyaction years. Increasing (or decreasing) these multipliers would increase (or decrease) the
number of accrued credits in the initial ZEV credit bank.

3. Earlyaction plus look-back: Instead of three years of early action credits, manufacturers would
receive five years to earn earlyaction credits: the three model years between adoption of the ZEV
standard and the first effective model year (anticipated to be MYs 2022-2024) as well as the two
“look back” model years before that (MYs 2020 and 2021).

4. Early action plus one-time allotment: This mechanism includes early action credits (estimated three
model years) plus a one-time deposit into each manufacturer’scredit bank a number of ZEV credits
equivalent to what would be needed for compliance in the first effective model year of the ZEV
standard. The rationale for this mechanism is that the MPCA received comments from vehicle
manufacturersstating they prefer to maintain a year worth of creditsin their ZEV credit banks in
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order to manage risk of an annual slump in EV sales.®3 The one-time allotment would therefore
provide the vehicle manufacturerswith this buffer; however, since manufacturerstypically maintain
that minimum number of credits in their bank, the MPCA does not anticipate this allotment would
substantively affect the number of EVs delivered for sale in Minnesota. In two additional variants of
this mechanism, the MPCA considered providing manufacturersan additional deposit of ZEV credits
equivalent to the number needed for compliance in the first twoyears of the ZEV standardinstead
of just the first year®* and anadditional deposit of ZEV credits equivalent to half of the number
needed for compliance in the first year of the ZEV standard.

5. Proportionalcredits based on California credit bank: In this mechanism, a number of credits
proportional to California’s ZEV credit balance at the time that MPCA begins implementation of the
ZEV standard (anticipated to be MY 2025) would be deposited in Minnesota’s ZEV credit bank. The
proportion of the California balance that would be deposited is based on the ratio of Minnesota
total LDV sales to California total LDV sales. The proportional credit bank is the one mechanism
analyzed by the MPCA which does not involve manufacturers selling EVs in Minnesota to earn
credits for their initial credit banks.

Variations of these mechanisms have been used in other states and Canadian provinces that have
adopted ZEV standards.

Various assumptions are necessary to estimate the number of credits that might be deposited in the
initial Minnesota ZEV credit bank as a result of each of the above mechanisms. For the first four
mechanisms, it is necessary to project how many BEVs and PHEVs would be sold in Minnesota during
the earlyaction years — MYs 2022-2024 for mechanisms 1, 2, and 4, and MYs 2020-2024 for mechanism
3 —as well as the expected number of ZEV creditsthat BEVsand PHEVs sold in Minnesota would earn in
each of those years. For mechanism 5, it is necessary to project the size of California’s ZEV credit balance
as of the start of MY 2025 as well as the magnitude of Minnesota’s total LDV sales relative to
California’s.

To understand an upper and lower bound of possible numbers of credits that manufacturers might
accrue through each of the mechanisms, the MPCA used a range of projections of BEV and PHEV sales in
Minnesota for the early action years:

1. BEVand PHEV salesin Minnesota would continue according to the same linear trends in each of
their sales in Minnesota based on sales from 2015-2019.

2. BEVand PHEV sales in Minnesota follow the projections made by the U.S. EIA 2019 AEO Reference
case EV sales projections®> for the West North Central region of the U.S.%6

3. BEVand PHEV sales in Minnesota follow the projections made by the U.S. EIA 2020 AEO Reference
case EV sales for the West North Central region of the U.S.

93 Alliance for Automotive Innovation presentation to MPCA in response to MPCA’s proposed early action credit mechanism,
February 6, 2020, slide 26.

94 Thisvariant could usetrigger language in the rule to establish that “If, after the first effective model year, the commissioner
determines that the ZEV sales rate isless than the rate needed to reasonably achieve compliance in the second effective model
year, the commissioner may grant a second credit allotment equivalent to the second effective model year’s ZEV credit
requirement for that motor vehicle manufacturer.” This trigger could use ZEV sales percentages to estimate whether sales most
resemble linear growth, quadratic growth, or the 2020 AEO projection.

95 https://www.eia.gov/outlooks/aeo/

96 EIA’s West North Central Region is comprised of Minnesota along with lowa, Kansas, Missouri, Nebraska, North Dakota, and
South Dakota.
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4. BEVandPHEV sales in Minnesota continue according to the quadratic trends in each of their sales in
Minnesota based on sales from 2013-2019.

5. BEVand PHEV salesin Minnesota are negativelyimpacted by the economic slowdown caused by the
COVID-19 pandemic and thus not even the linear sales trajectoriesare achieved.

All five of these EV sales estimatesare different business-as-usual estimates and do not reflect the
potential for the adoption of the ZEV standard and early action mechanisms to induce increased EV sales
in Minnesota. Since anearly action credit mechanism would be voluntary, the MPCA cannot reasonably
predict how many EVs manufacturers might deliver for sale in Minnesota in the early actionyears. The
MPCA therefore examined a range of projections of EV sales tounderstand a range of potential
outcomes and used a conservative, linear estimate of EV growth as a baseline.

As was noted in the discussion of emissions and consumer impacts analysis, the EIA2019 AEO projects
relatively high BEV and PHEV sales. If this projection were to occur for these early action model years,
vehicle manufacturers would build up large initial credit banks that would not even be needed by
manufacturerssince the 2019 AEO predicts BEV and PHEV sales will be significantly higher than what
would be required to comply with the ZEV standard. If the comparatively more conservative EIA 2020
AEOQ EV projections were to occur for these years, vehicle manufacturerswould build up smaller initial
credit banks than with the 2019 AEO projection, but still more credits than in the linear sales growth
scenario. Ifthe quadratic sales projection were to occur, manufacturers would establish even larger
initial credit banks. Finally, if an economic downturn depresses EV sales to be even lower than linear
growthtrends, then manufacturers may only be able to accrue somewhat less credits than the linear
growthscenario. However, in this last scenario it is important to point out that an economic downturn
would probably impact not only EV sales in Minnesota, but the entire LDV market. IfLDV sales are lower,
then the number of credits needed for ZEV compliance will also be lower, especially since compliance
requirements are based on average LDV sales for the three-year period up to twoyears before the
compliance year. Thus, an economic slowdown may result in lower initial credit banks, but also may
result in lower compliance burdens that the initial credit banks seek to alleviate.

As was also described in Section 5, to estimate projected business-as-usual EV sales in the low economic
growth scenario, in each future year we scaled down our linear projections by the proportional
difference between ZEV or PHEV sales in EIA’s 2020 AEO Reference Scenario sales projections for the
west north central region and the ZEV or PHEV sales in EIA’s 2020 AEO Low Economic Growth Scenario
sales projections for the west north central region. We also projected total LDV sales in a low economic
growth scenario by similarly scaling down our reference scenario LDV sales in each year by the
proportional difference in total LDV sales in EIA’s 2020 AEO Reference Scenario and Low Economic
Growth Scenario.

Figure 22 presents the projected BEV and PHEV sales for the linear, quadratic, 2019 AEO, 2020 AEOQ, and
economic slowdown sales growth projections and also shows the BEV and PHEV sales needed for ZEV
standard compliance staring in MY 2025.
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Figure 22: Minnesota BEV and PHEYV sales: Business as usual compared with sales needed for ZEV compliance

Initial credit banks from early action EV sales were estimated based on the BEV and PHEV linear extrapolations from 2015-2019
sales. Projected Minnesota BEV and PHEV sales based on the EIA 2019 AEQ, the EIA 2020 AEO, quadratic extrapolations from
2013-2019 sales, and low economic growth sales are included here as alternative future scenarios.
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As was discussed in section 1(C) of this document, the EIA’s 2020 AEO projects significantly lower EV

sales over our analysis time frame and over the anticipated early action years compared tothe EIA2019
AEO projections. While the 2020 AEO projection is still generally higher than MPCA’s linear EV sales
growth projections (see Figure 22), it is reasonably close to our linear projections. It thus reinforces the
reasonableness of the conservative linear EV sales growth estimates as the Reference scenario in the
MPCA’s emissions and consumer impacts analyses as well as to calculate early action credit accrual

estimates. However, especially taking into consideration that the adoption of the ZEV standard and early
action credit mechanism would probably result in higher EV sales, considering other future EV sales
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scenarios in evaluating the reasonableness of mechanisms to establish initial ZEV credit banks helps the
MPCA understand a range of potential outcomes.

The average number of credits earned per BEV and PHEV in the early action model years are based on
estimatesderived in the ZEV Compliance Calculator, described in Section 1(C)(ii). For MY 2020, the
calculator estimates a BEV earns an average of 3.5 credits and a PHEV earns 0.6 credits. By MY 2023, the
calculator estimates a BEV earns nearly 4 credits while a PHEV earnsnearly 1.1 credits. Based on the
linear sales projections and these credits per vehicle estimates, the MPCA estimated the number of
early action credits that could be accrued in each of the five potential earlyaction years, MYs 2020-
2024, summarized in Table 61.

Table 61: Estimated possible early action credits accrual from Minnesota sales by model year (MY)

MY 2020 MY 2021 MY 2022 MY 2023 MY 2024
Projected BEVsales/ projected
credits per BEV 2,837/3.53 | 3,392/3.68 | 3,947/3.84 | 4,502/4.00 | 5,056/4.00
Projected PHEV sales/ projected
credits per PHEV 1,070/0.63 1,216/0.65 | 1,362/0.66 | 1,507/1.09 1,653/1.10
Potential BEV credits (BEV sales x
credit per BEV) 10,021 12,494 15,166 18,006 20,226
Potential PHEV credits (PHEV sales
x credits per PHEV 675 787 905 1,637 1,819
Total potential credits (BEVs +
PHEVs) 10,696 13,281 16,071 19,643 22,044

Estimates of early action credits are calculated by multiplying sales of BEVs and PHEVs in early action years by the average
credits earned per BEV and PHEV. The projected early action sales are based on linear projections of Minnesota BEV and PHEV
sales, which are conservative lower-bound projections. Furthermore, they do not take into account the likelihood that adoption
of the ZEV standard and early action credit mechanism would result in higher Minnesota EV sales in the early action years.

From this information, the MPCA estimated the total credits that might be earned through each of the
potential mechanisms using the following operations:

1. Earlyaction only: Sum the total potential credits for MYs 2022, 2023, and 2024 to get 57,758 credits
in the initial credit bank.

2. Early action with multipliers: Multiply BEV credits and PHEV credits by 1.5for MYs2022 through
2024 and sum to get 86,637 credits in theinitial credit bank.

3. Earlyaction plus look-back: Sum the total potential credits for MYs 2020 through 2024 to get
81,735 credits in the initial credit bank.

4. Earlyaction plus one-time allotment: Using the Minnesota ZEV compliance calculator, the MPCA
estimated that manufacturers would need 54,706 credits®’ to comply withthe ZEV standard in the
first year of implementation (anticipated to be MY 2025) and 54,669 credits®® to comply with the
ZEV standard in the second year of implementation (anticipatedto be MY 2026). For an allotment of

97 This is based on manufacturers needing to sell 11,714 BEVS and 7,139 PHEVS for MY 2025, based on the projections of our ZEV
Compliance Calculator. It also takes into accountthat the ZEV standard allows FCEV travel credits from FCEV sales in California
to help manufacturers satisfy their ZEV compliance requirements in Minnesota. We estimate that FCEV travel credits would
equal approximately 1,500 credits per model year.

98 Thisis based on manufacturers needing to sell 11,804 BEVs and 6,777 PHEVs and again takes into account approximately

1,500 FCEV travel credits.
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ZEV credits equivalent to the number of credits required for one year of compliance, the MPCA
added the 57,758 credits projected to be accrued from early action for MYs 2022 through 2024 plus
54,706 credits for atotal of 112,465 creditsin the initial credit bank. With an allotment equivalent to
the number of ZEV credits required for two years of compliance, we estimate that manufacturers
would have 57,758 plus 54,706 plus 54,669 credits, for a total of 167,133 credits in the initial credit
bank. With an allotment equivalent to half the number of ZEV credits required for compliance, the
MPCA added 27,353 credits (half of 54,706) for a total of 85,111 credits in the initial credit bank.

5. Proportionalcredits based on California credit bank: For the proportional credit deposit based on
California’s credit balance, the MPCA projected California’s credit balance as of January 1, 2024
based on current and recent past totalsin California’s ZEV credit bank.®? As of August 31, 2019,
California’s ZEV credit balance was 962,000 credits, 199 significantly higher than its credit balance a
year earlier of 816,000 credits. 191 Based on an extrapolation of California’s ZEV credit balance to the
end of MY 2023, the MPCA estimatesthat the number of ZEV credits in California’s bank by the
beginning of MY 2025 may be between 1.8 million to 2.5 million. Currently, Minnesota’s total annual
LDV sales are approximately 250,000, roughly 13% of California’s current annual LDV sales of
approximately 2 million. The MPCA multiplied the ratio of Minnesota’s sales to California’s sales by
the estimated number of ZEV credits in California’s credit bank by MY 2024. This calculation results
in an estimate that approximately 234,000-325,000 credits would be deposited Minnesota’s ZEV
credit bank by the beginning of MY 2025 if a proportional credit mechanism were used to establish
Minnesota’s initial ZEV credit bank. 192

Figure 23 presents the estimated number of ZEV credits that might form the initial ZEV credit bank
under each mechanism, assuming linear growth of both BEV and PHEV sales, along with the number of
credits the MPCA estimateswould be required for compliance in the first year of the ZEV standard.

99 California’s ZEV credit balances for 2009-2019 can be found here: https://ww2.arb.ca.qgov/our-work/programs/advanced-
clean-cars-program/zev-program/zero-emission-vehicle-credit-balances

100 https://ww2.arb.ca.gov/sites/default/files/2020-01/2018%20ZEV%20Credits_ac.pdf

101 https://ww2.arb.ca.gov/sites/default/files/2020-01/2017_zev_credits_ac.pdf

102 |n Figure 23 we show an estimate of 250,000 ZEV credits that could be available to transfer from California. However, due to
the high level of uncertainty in projecting future California ZEV credits balances, we feel more comfortable estimating a range of
234,000-325,000credits that could be available to transfer from California to Minnesota’s initial ZEV credit bank.
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Figure 23: Estimated initial creditbank for each potential early action scenario.

Based on linearly projected sales growth of BEVs and PHEVs, the MPCA estimated the number of early action credits that would
be accrued under each potential mechanism for establishing an initial ZEV credit bank. We used the Minnesota ZEV compliance
calculator to estimate how many credits would be earned for each BEV and PHEV sold and to estimate the number of credits
that would be required for compliancein the first year of the ZEV standard.

Needed for year 1 compliance [N 54,706

Early action creditsonly | 57,758

Early action plus 0.5-year credit allotment 85,111

Early action plus 1-year credit allotment | NEEEEEE 112,465
Early action plus 2-year credit allotment | EEEEN 167,133
Early action plus lookback credits | 31,735
Early action with multipliers [N 36,637
Proportional CA bank credits | N 250,000

- 100,000 200,000 300,000
Number of credits

For each of these five initial credit bank mechanisms, the MPCA next estimated how much of
manufacturers’ compliance burden could be satisfied with the initial bank in the initial year(s) of the ZEV
standard. As explained above, we estimated manufacturers’ EV sales requirements in every year starting
in MY 2025 using the ZEV Compliance Calculator. We estimate that manufacturerswould need 54,706
credits for compliance in the first year. In the second model year, we estimate that manufacturerswould
need 54,669 credits. 193 The MPCA then considered how many years’ worth of compliance manufacturers
might be able to cover using the credits accumulated through each initial ZEV credit bank mechanism,
without taking into account credits that would be accrued through BEV and PHEV sales during the initial
implementation years. This analysis is summarized in Table 62.

103 Bgsed on 11,804 BEVsand 6,777 PHEVs, and, again, FCEV travel credits from California to Minnesota are factored into this
estimate.
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Table 62: Estimated ZEV compliance requirements that could be satisfied withinitial credit bank.

Early action | Early action | Early action Early action Early action Proportional
Early with pluslook plus 0.5-yr plus1-yr plus 2-yr CA balance
action multipliers | back initial buffer | initial buffer | initial buffer | transfer
Projected
creditsin 234,000-
initial bank 57,758 86,637 81,735 85,111 112,465 167,133 325,000
Years of ZEV | All of first | All of first All of first
compliance year plus | yearplus year plus All of first Firsttwo Firstthree
thatcould be | 6% of 58% of 49% of year plus 56% | years plus6% | years plus 6%
satisfied second second second of second of third of fourth Fiveyears

This table presents the estimated size of the initial ZEV credit bank for each mechanism that the MPCA analyzed along with the
number of years of ZEV standard compliance that couldpotentially be satisfied with the initial credit bank, not taking into
account ZEV credits that would be accrued in the initial year(s) of standard implementation.

But what if thereis an economic slowdown as aresult of the COVID-19 pandemic?

MPCA re-estimated initial credit banks for all of these accrual mechanisms with revised projections of
LDV, BEV, and PHEV sales for each of the possible early actionyears as well as the initial yearsof ZEV

standard compliance. Again, these estimates were generated by adjusting our linear projections of BEV
and PHEV sales according to expected decreases in sales in the EIA 2020 AEO Reference Scenario
relative to its Low Economic Growth Scenario. To estimate ZEV standard compliance requirementsin an
economic slowdown, we additionally adjusted our reference case LDV sales by the proportional

difference in LDV sales in the EIA 2020 AEO Reference Scenario relative to its Low Economic Growth

Scenario. Table 63 presents an alternate version of the projected BEV and PHEV sales in Table 61 under
economic slowdown vehicle sales expectations.

Table 63: Estimated possible early action credits accrual from Minnesota sales by model yearin a possible

COVID-19 economicslowdown

MY 2020 MY 2021 MY 2022 MY 2023 MY 2024
Projected BEV sales/ projected
credits per BEV 2,749/3.53 | 3,051/3.68 | 3,482/3.84 | 4,210/4.00 | 4,645/4.00
Projected PHEV sales/ projected
credits per PHEV 1,027/0.63 1,099/0.65 | 1,206/0.66 | 1,327/1.09 1,457/1.10
Potential BEV credits (BEV sales x
creditper BEV) 9,710 11,238 13,382 16,838 18,580
Potential PHEV credits (PHEV sales
x credits per PHEV 648 711 802 1,441 1,603
Total potential credits (BEVs +
PHEVs) 10,357 11,949 14,184 18,280 20,183

Estimates of early action credits are calculated by multiplying sales of BEVs and PHEVs in early action years by the average
credits earned per BEV and PHEV. The projected early action sales are based on linear projections of Minnesota BEV and PHEV
sales, which are conservative lower-bound projections. Furthermore, they do not take into account the likelihood that adoption
of the ZEV standard and early action credit mechanism would result in higher Minnesota EV sales in the early action years.

Just as we did for the linear sales projections, the MPCA estimated the total creditsthat might be earned

through each of the potential mechanisms in a potential economic slowdown:

1. Earlyaction only: Sum the total potential credits for MYs 2022, 2023, and 2024 to get 52,646 credits

in the initial credit bank.
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2. Early action with multipliers: Multiply BEV and PHEV credits by 1.5 for MYs 2022 through 2024 and
sum to get 78,969 credits in the initial credit bank.

3. Earlyaction plus look-back: Sum the total potential credits for MYs 2020 through 2024 to get
74,952 credits in the initial credit bank.

4. Early action plus one-time allotment: With reduced projected LDV sales in an economic slowdown,
the ZEV compliance requirement also goes down. Using the Minnesota ZEV compliance calculator,
the MPCA estimated that manufacturers would need 50,760 credits!%* to comply with the ZEV
standard in the first year of implementation (anticipated to be MY 2025) and 51,293 credits'®® to
comply with the ZEV standardin the second year of implementation (anticipated to be MY 2026).
For an allotment of ZEV credits equivalent to the number of credits required for one year of
compliance, the MPCA added the 52,246 credits projected to be accruedfrom early action for MYs
2022 through 2024 plus 50,760 credits for a total of 103,406 creditsin the initial credit bank. With
an allotment equivalent to the number of ZEV credits required for two years of compliance, we
estimate that manufacturers would have 52,646 plus 50,760 plus 51,293 credits, for a total of
154,699 credits in the initial credit bank. With an allotment equivalent to half the number of credits
required for one year of compliance, we estimate that manufacturerswould have 52,646 credits
plus 25,380 credits (half of the year one compliance requirement), which equals 78,026 credits.

5. Proportionalcredits based on California credit bank: California’s EV sales could also be potentially
impacted by an economic downturn, so its ZEV credit balance as of January 1, 2024 may be less than
in the reference scenario. Trying to predict California’s ZEV credit balance years into the future
involves a high degree of uncertainty whether under normal economic conditions or in an economic
slowdown. We adjusted the expected range of credits that could be transferred to Minnesota on
January 1, 2024 down to 200,000-300,000 credits, and used 225,000 credits (instead of 250,000) as
our point estimate.

Figure 24 reproduces Figure 23, but under economic downturn assumptions, to present the estimated
number of ZEV credits that might form the initial ZEV credit bank under each mechanism, along with the
number of credits the MPCA estimates would be required for compliance in the first year of the ZEV
standard.

104 This is based on manufacturers needing to sell 10,865 BEVS and 6,637 PHEVS for MY 2025, based on the projections of our
ZEV Compliance Calculator. It also takes into account that the ZEV standard allows FCEV travel credits from FCEV sales in
California to help manufacturers satisfy their ZEV compliance requirements in Minnesota. We estimate that FCEV travel credits
would equal approximately 1,500 credits per model year.

105 This is based on manufacturers needing to sell 11,072 BEVs and 6,370 PHEVs and again takes into account approximately
1,500 FCEV travel credits.
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Figure 24: Estimated initial creditbank for each potential early action scenarioin a possible COVID-19 economic
slowdown.

Based on diminished linearly projected sales growth of BEVs and PHEVs that could represent depressed EV sales in an economic
slowdown, the MPCA estimated the number of early action credits that would be accrued under each potential mechanism for
establishing an initial ZEV credit bank. We used the Minnesota ZEV compliance calculator with diminished expectations of total
LDV sales to estimate how many credits would be earned for each BEV and PHEV sold and to estimate the number of credits that
would be required for compliance in the first year of the ZEV standard.

Needed for year 1 compliance | NEEl 50,760
Early action creditsonly | INNEEEE 52,646
Early action plus 0.5-year credit allotment 78,026
Early action plus 1-year credit allotment | EEEGEENE 103,406
Early action plus 2-year credit allotment | SN 154,699
Early action plus lookback credits | IS 74,952
Early action with multipliers | NN 78,969
Proportional CA bank credits | NN 25,000

- 50,000 100,000 150,000 200,000 250,000
Number of credits

For each of these five initial credit bank mechanisms, the MPCA again estimated how much of
manufacturers’ compliance burden could be satisfied with the initial bank in the initial year(s) of the ZEV
standard. Using the ZEV Compliance Calculator, we estimate that manufacturerswould need 50,760
credits for compliance in the first year. In the second model year, we estimate that manufacturerswould
need 51,293 credits. The MPCA again considered how many years’ worth of compliance manufacturers
might be able to cover using the credits accumulatedthrough each initial ZEV credit bank mechanism,
without taking into account credits that would be accrued through BEV and PHEV sales during the initial
implementation years. This analysis is summarized in Table 64.
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Table 64: Estimated ZEV compliance requirements that could be satisfied withinitial creditbankin a possible

COVID-19 economicslowdown

Early action | Early action | Early action Early action Early action Proportional
Early with plus look plus 0.5-yr plus1-yr plus 2-yr CA balance
action multipliers | back initial buffer | initial buffer | initial buffer | transfer
Projected
creditsin 200,000-
initial bank 52,646 78,969 74,952 78,026 103,406 154,699 300,000
Years of ZEV | All of first | All of first All of first
compliance year plus | year plus year plus All of first Firsttwo Firstthree
thatcould be | 4% of 55% of 47% of year plus53% | years plus3% | years plus2% | Fourtofive
satisfied second second second of second of third of fourth years

This table presents the estimated size of theinitial ZEV credit bank for each mechanism that the MPCA analyzed along with the
number of years of ZEV standard compliance that couldpotentially be satisfied with the initial credit bank, using low economic
growth assumptions for projected LDV, BEV, and PHEV sales. Again, this does not take into account ZEV credits that would be
accrued in theinitial year(s) of standard implementation.

Comparing Tables 62 and 64, shows that an economic slowdown will likely not significantly interfere
with manufacturers’ ability to establish initial ZEV credit banks. Inan economic slowdown, depressed EV
sales may mean that manufacturers accrue fewer early action ZEV credits; however, due to depressed
LDV sales, fewer ZEV credits are needed for compliance in the early years of the rule. In combination,
these two factors seem to have minimal effects on the value of initial ZEV credit banks.

Comparison ofinitial ZEV credit bank mechanisms over a longer time frame

The two primary goalsfor establishing an initial ZEV credit bank are to incentivize EV sales in Minnesota
as soon as possible and to provide manufacturersreasonable mechanisms for compliance flexibility,
especially in the initial years of implementation. Addressing these two goals requires a balanced
approach. A mechanism that results in too many initial ZEV credits may lead to a situation where
manufacturersdo not need to increase EV deliveries in order to comply with the ZEV standard, which
would undermine the first goal. On the other hand, a mechanism that results in too few initial ZEV
credits could lead to a situation where manufacturers struggle to achieve the requirements of the
standard.

The MPCA analyzed the potential effect of each mechanism for establishing an initial credit bank on the
compliance obligations for manufacturers. To analyze how initial credit banks would provide compliance
flexibility, it is necessary to project both EV sales further into the future and the number of ZEV credits
that manufacturerswould need to comply with the standard. For each of the mechanisms, the MPCA
estimated the accrual of credits for each model year as well as the number of credits that would be
needed to comply with the ZEV standard, assuming four different future business-as-usual EV sales
projections: linear sales growth, quadratic sales growth, growth according to EIA2020 AEO Reference
case projections for the West North Central region, and depressed EV and LDV sales due tothe COVID-
19 economic slowdown. The Economic Slowdown scenario includes both lower EV sales (and thus lower
ZEV credits earnings) than the linear but also lower ZEV compliance requirements due to lower overall
LDV sales. Combining these estimates, we have added estimated accrued credits and deducted
estimated compliance credits for each model year to estimate the end-of-model-year ZEV credit
balances. This analysis is summarized in Table 65. In the table, year-end credit surpluses are colored
blue, while year-end credit deficits, or credit gaps, are colored orange. Again, the EV sales projections
are for business as usual and do not account for increased EV sales resulting from the adoption of the
ZEV standard and the initial credit bank mechanism. Therefore, a deficit in this analysis indicates that
vehicle manufacturers will need to increase EV deliveries to Minnesota beyond business-as-usual in
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order to comply with the standard. Since the ZEV standard is intended to require manufacturersto
increase EV deliveries to Minnesota, it is reasonable to use a mechanism for establishing an initial credit
bank that shows deficits in this analysis. Mechanisms that show surpluses in all years would not require
manufacturersto increase deliveries beyond business as usual.
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Table 65: Projected ZEV credits balance at end of model year across different mechanismsfor establishing an initial ZEV credit bank and EV
sales growth projections

Early action
scheme and
projected EV My My my My My My MY My MY MY MY MY MY
sales growth 2022 | 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Early action credits only

Linear sales
growth
EIA 2020
projected sales
growth
Quadratic sales
growth
Economic
slowdown
Early action plus 0.5-year credit allotment
Linear sales
growth
EIA 2020
projected sales
growth
Quadratic sales
growth
Economic
slowdown

Early action plus 1-year credit allotment

Linear sales
growth

ElA 2020
projected sales
growth
Quadratic sales
growth
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Early action
scheme and
projected EV MY MY My MY MY MY My MY My MY MY My MY
sales growth 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 2031 2032 2033 2034

Economic
slowdown

Early action plus 2-year credit allotment

Linear sales
growth

EIA 2020
projected sales

rowth
Quadratic sales
growth

Economic
slowdown

Early action plus lookback credits

Linear sales
growth

EIA 2020
projected sales

rowth
Quadratic sales
growth

Economic
slowdown

Early action with multipliers

Linear sales
growth

EIA 2020
projected sales
growth

Quadratic sales
growth

Economic
slowdown
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Early action
scheme and
projected EV
sales growth

My
2022

MY
2023

MYy
2024

MY
2025

MY
2026

MY
2027

My
2028

MY
2029

My
2030

MY
2031

My
2032

My
2033

MY
2034

Proportional CA bank cre

dits

Linear sales
growth

250,000

219,717

191,852

166,534

143,913

124,171

107,543

94,289

84,675

78,797

76,392

EIA 2020
projected sales
growth

250,000

228,075

207,536

188,262

170,484

154,599

140,880

130,244

123,816

123,190

129,937

Quadratic sales
growth

250,000

258,688

276,703

304,994

344,524

396,292

461,350

540,773

635,645

746,878

875,023

Economic
slowdown

225,000

196,702

169,871

144,680

122,021

101,867

84,810

71,197

61,241

55,303

52,517

Based on different mechanisms for establishing an initial ZEV credit bank and different EV sales growth projections, the MPCA estimates the total Minnesota ZEV credit balance at

the end of each model year for the early action years and first 10 years of ZEV standard implementation. Positive numbers (shaded blue) are year-end credit surpluses while

negative numbers (shaded orange) are year-end credit deficits or gaps. The EV sales projects are for business as usual sales and do not take into account potentialincreased EV
sales resulting from the adoption of the ZEV standard and mechanism for establishing the initial creditbank. Therefore, deficit in this analysis indicates vehicle manufacturers will
need to increase EV deliveries beyond business-as-usual in order to comply with the standard.

Table 65 shows that maintaining positive ZEV credit balances once the ZEV standard is implemented depends primarily on future EV sales and

secondarily on the mechanism for establishing the initial credit bank. Since the purpose of the ZEV standard and the mechanism for establishing
the initial ZEV credit bank is to increase deliveries of EVs to Minnesota, it is reasonable to expect sales will be higher than the linear, business-as-
usual EV sales projections.
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