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1. Executive Summary
In 2015 there were approximately 6,000 electric vehicles in Minnesota. This falls well below penetration
in leading states like California, Georgia, and Washington with electric vehicle registration totaling
337,000, 25,000, and 22,000 respectively. Instead, electric vehicles comprise less than .01% of all
vehicles in Minnesota, and the majority are in the Twin Cities metropolitan area. Increasing deployment
of electric vehicles will benefit Minnesotans by reducing chemical and particulate matter air pollution. In
addition, the State is not on track to meet 2030 emission reduction goals set by the Next Generation
Energy Act of 2007. Because transportation accounts for almost a quarter of all emissions in Minnesota,
electrifying the transportation sector will be key to closing this emissions gap.
Discussion of electrifying personal vehicles in Minnesota is relatively recent. Historically, discussion
about reducing the carbon footprint of the transportation industry has focused on ethanol and biofuels,
which were both bolstered - and then mandated - by state legislation. Unfortunately, there is no
immediate accord between all AFVs, and electric vehicles. Major organizing campaigns - largely led by
the Drive Electric Minnesota initiative, as well as the Electric Vehicles Owner Group and Twin Cities
Clean Cities Coalition (housed in the American Lung Association) have been instrumental in including
EV’s in the discussion in Minnesota. However, the political will of, for example, the biofuels industry
has not been matched in electric or other AFVs in Minnesota to date.
The Spring 2018 Capstone cohort from the Humphrey School of Public Affairs was asked to explore
policies and opportunities to increase electric vehicle adoption for our partner the Minnesota Pollution
Control Agency while taking specific considerations for ensuring equity in the process. The purpose of
this report is to provide insight into three components of EV adoption in Minnesota: policy context,
stakeholders, and charging infrastructure. These complementary analyses will help understand tools to
overcome barriers identified to EV adoption, identify examples of successful EV policies and incentives
from both domestic and international contexts, break down individual policies to identify and forecast
their effect on EV penetration in the state, identify key conduits for implementing or addressing equity
concerns of EV adoption, conduct a stakeholder analysis of players in Minnesota actively working on
electric vehicle issues, and create strategic charging station recommendations for a network of EV
charging throughout Minnesota.
While we recognize that there are currently constraints in the state regarding furthering EV policy, we
did not limit our analysis or recommendations to those we would consider currently feasible. In
discussions with our partner we prioritized a broad analysis with best case scenarios over a scope
limited by current realities.
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Following this analysis, the group recommends the MPCA to consider for following actions:
●

Creation of a State Electric Vehicle Plan- a cohesive and coordinated approach will send a
clear signal to utilities, business owners, and local policy makers. Minnesota lags behind many
states with high rates of EV adoption who outline statewide goals in a centralized plan.
As exemplified by most of other state EV plans, the MPCA is well-positioned to act as the
coordinating agency on state planning efforts related to electric vehicles. This will be particularly
vital role when convening stakeholder engagement in the planning process - and ensuring that
voices from vulnerable communities and communities with high displacement risk are heard will
be tantamount in this process.

●

Develop Comprehensive Education and Outreach Programs Plans- Minnesota is still in
the early adoption stages. The biggest barrier to overcome is consumer awareness, and
understanding of new technologies.
There needs to be engagement at multiple levels. There is significant opportunity to work with
the EV Owners group to conduct or augment outreach and education efforts. Additionally, the
MPCA - in partnership with Drive Electric Minnesota (DEMN) - should host an annual EV
conference, with equity considerations as part of the agenda.

●

Incorporate equity into all components of EV planning- Low-income and vulnerable
communities are known to have the poorest air quality, specifically in the Twin Cities
metropolitan area: however, due to the increased upfront cost of the technology they are also
the last to be able to afford these vehicles.
With regards to EV Infrastructure Planning specifically, the MPCA has already convened an
environmental Justice Advisory Board. However, additional insights should augment the
advisory board on the topic of gentrification and displacement. This could manifest as the
creation of an Advisory Role by partnering with expert organization - for example, the Center
for Urban and Regional Affairs (CURA) at the University of Minnesota - or by building expertise
on this topic within the existing board members.

●

Centralized Data Monitoring - There is currently no coordinated tracking effort to
understand the penetration of EVs (of AFVs/LCFVs/ZEVs) in Minnesota.
This limits opportunities for data driven analysis. Moving forward, data monitoring could provide
insight into emissions reductions and cost estimations per EV on the road, as well as crossprogram participation, which could help identify localized barriers to adoption. Understanding
the efficacy of EVs on the road through both emissions and a cost metric will be invaluable in
informing future decision-making.
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1. Background
While Tesla repeatedly makes headlines for the fastest, longest-range EVs, the electric vehicle has
existed much longer than many realize. Pre-1900s, the electric vehicle was more ubiquitous than its
internal combustion engine (ICE) counterpart. The first electric vehicle - although impractical until
around the 1870s - was developed by Robert Anderson in 1832. However, it wasn’t until 1892 that U.S.
consumers could purchase an EV. Their heyday was short-lived, however, as aggressive investment in
ICEs, the mass-manufacturing of the Model T, and cheap oil prices rapidly supplanted the American
Dream with a gas-guzzling vehicle. The electric vehicle lay largely dormant, with brief resurgence in the
1970s, until the late 1990s when GM released the EV1. The 1997 Prius that followed signified the first
mass-produced electric hybrid, which rapidly evolved EV perception and consumer interest through
celebrity endorsement.
In 2006, Silicon Valley - a notorious hub of emerging technology, located in California - began investing
in EV technology, and Tesla Motors - arguably the face of modern electric vehicles - was born. Massive
investments in charging infrastructure, and the public unveiling of the first commercial plug-in hybrid in
2010 (the Chevy Volt), was followed by additional auto manufacturing interest with additional models
like the Nissan Leaf, and increased research and advancement in battery technology powering these
cleaner, and more sustainable alternatives in a market historically saturated with ICE vehicles. As
battery costs continue to drop, driving range increases, and electric vehicles become more realistic for
everyday consumers, we also see a growing number and variety of models available for purchase. 1

2.1. Barriers
Cost
When it comes to purchasing a vehicle, the fixed cost is the top determining factor 2 in whether a
vehicle is sold or not; currently, the purchase price of most new EV’s is over $40,000--more expensive
than most internal combustion vehicles. This is usually due to the cost of the battery on board, and
because of the development costs resulting from their newer technology. Additionally, batteries at the
end of their useful life need replacement, which can be a significant cost to the consumer, and
contributes to accelerated depreciation of the vehicle’s price, estimated at $6,000 per year by AAA. 3
The long-term costs of owning an EV can be lower than for some ICE’s; however, correctly valuing
long-term costs into purchasing decisions is not always done by the average consumer. These factors
can lead to consumers being hesitant in purchasing an EV, especially among middle to low-income
populations. The Tesla Model S is the most well-known fully electric vehicle being sold today, and its
base price is $74,500, a higher cost than most middle-class Americans are ready and able to spend, as
the median household income in U.S. is about $57,000. 4 In 2017, Tesla released a more affordable
version of the electric car, the Model 3, which starts at $35,000, which may have a large impact on the
EV market.
1

Matluka, Rebecca. U.S. Department of Energy. https://www.energy.gov/articles/history-electric-car. Web.
“Top 5 Factors Influencing Car Buyers: Free Infographic.” TRACKER, www.tracker.co.uk/aboutus/resources/top-5-factors-influencing-car-buyers/. Web.
3
Kirsten Korosec. This is What it Really Costs to Own a Car. August 13, 2017.
http://fortune.com/2017/08/23/american-automobile-association-car-costs// Web.
4
U.S. Census Bureau. (2017). https://www.census.gov/library/visualizations/2017/comm/income-map.html.
Web.
2
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Lack of Charging Infrastructure
There is also a lack of a widespread charging infrastructure for EV’s throughout the U.S. Unlike the
petroleum industry, which has had over 100 years to build up the ubiquitous gas stations that grace
the sidelines of the U.S. highway system, electric vehicle infrastructure has only started developing in
the last fifteen years. With the EV market still young, and the price of installing charging infrastructure
high, there has not been enough demand to create a robust charging infrastructure system.
Additionally, the charging points themselves can cost several thousands of dollars to build5, leading to
the issue of what comes first, the buildout of infrastructure to encourage demand, or EV demand that
then drives infrastructure growth. In the last couple of years though more manufacturers have planned
to release an increasing number of electric vehicles, models at decreasing prices points, which should
lead to an increase in demand for the charging infrastructure necessary to support this new growth in
electric vehicles.
Lack of Familiarity With “New” Technology
Another barrier in the EV market is the lack of familiarity with the vehicles. To most consumers, EV’s
use new technology that they have had limited exposure to throughout their lifetimes, especially
compared to ICE vehicles. As such, if a potential buyer even considers an EV option at all when buying
a new car, they may be unsure about which EV is suitable for them. Factors such as where they live,
how long their commute is, long-distance driving habits, where infrastructure is located near them,
etc., all may inspire hesitation and a lack of confidence for EV’s in consumers 6. Car salespeople, who
also have limited experience with EV’s, are not always well-equipped to answer questions from
potential buyers.
Practical aspects such as where and how to charge EV’s also play a role; with EV charging
infrastructure still in its beginning stages across the U.S., consumers still do not feel assured that
charging options will be available near them wherever they may be needed, or that they will know
where to find one. Plus, there is a lack of familiarity with the mechanics of how charging works: if they
need a special plug, if all chargers are standardized, or if they need to have special equipment when
charging at a public location versus at home.
Range Anxiety
Another major barrier to adoption is the belief that the range of EV’s will not be sufficient for the needs
of a consumer, and that their battery will die out of range of charging infrastructure, leaving them
stranded. This belief is truer in colder climates, where a battery’s range is decreased in colder
temperatures7. EV models released in the early 2000’s has all been short range versions, intended
mostly for shorter trips. That finally changed when Tesla released the Roadster in 2011, which came
with 245 miles of battery range, the bigger Model S a few years later with a similar range, and higher
capacity models a few years after that with ranges over 300 miles. Plug-in hybrid electric vehicles,
which use battery power when it is charged, but have a motor to rely on as needed, can help alleviate
range anxiety for consumers and may provide an option that inspires less range anxiety for some first5

Smith, Margaret, and Jonathan Castellano. “Costs Associated With Non-Residential Electric Vehicle Supply
Equipment.” Energy Efficiency & Renewable Energy,
www.afdc.energy.gov/uploads/publication/evse_cost_report_2015.pdf.
6
Posky, Matt. “What's Holding Back EV Adoption? Range Anxiety, Unfamiliarity, and Cost.” The Truth About Cars,
31 Dec. 2016, www.thetruthaboutcars.com/2016/12/whats-holding-back-evs/.
7
“Maximizing Electric Cars' Range in Extreme Temperatures.” Department of Energy,
www.energy.gov/eere/electricvehicles/maximizing-electric-cars-range-extreme-temperatures.
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time BEV owners. As manufacturers release more models with growing range limits, and charging
infrastructure along common driving routes expands, this barrier will be reduced.
Public Misconceptions
An additional barrier is simply misconceptions people have around EV’s. For example, consumers have
anxiety over how long the charge-time will be for an EV, as they know “refueling” requires more time
than it does for an ICE vehicle. Incidentally, most charging is done at home, or happens when EV
drivers arrive somewhere, rather than when they are in transit. Other misconceptions include the idea
that EV’s are not actually better for the environment than ICE’s; that an EV will cause a burdensome
increase in their utility bill; that their range is not sufficient for their driving needs; and that they will
need to replace the battery before too long8.
Nascent Market
Finally, the EV market itself is relatively small; there is a lack of variety in types of EV’s available to the
public for a range of prices. Furthermore, the supply of EV’s at dealerships in Minnesota is limited, as
more vehicles tend to be sold in states with a zero-emission or low carbon fuel standards mandate. The
early EV market supplied only small cars with limited ranges, expanding to larger sedans with longer
ranges in the last five years. However, trucks and SUVs are the most popular vehicles overall in the
U.S., but these models are not yet available as EV’s. This limits a huge pool of potential EV buyers from
venturing into the EV market. Now there are not any manufacturers that have plans to release an EV
truck or SUV in the near term.
Additionally, in Minnesota not all EV models that - for example - California has, are available to
consumers. This is not a Minnesota-specific, but rather a Midwest-specific problem. As noted by the
Center for Energy and Environment in a 2017 report, “Minnesotans don’t have access to all of the
electric vehicle models that are available in states like California, where zero emission vehicle policies
drive high-penetration and create concentrated value propositions for manufacturers and auto
dealers.”9 Addressing this disconnect will likely happen naturally through market mechanisms as the
desire on the consumer end for additional model options has the power to produce increased
availability. However, there could be opportunity through education and outreach to help bridge this
existing gap.
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Shahan, Zachary. “Top Misconceptions of Non-EV Drivers (CleanTechnica EV Report).” CleanTechnica, 25 June
2017, cleantechnica.com/2017/06/25/top-misconceptions-non-ev-drivers-cleantechnica-ev-report/.
9
Hoye, Megan. “Accelerating Electric Vehicles in Minnesota.” Center for Energy and Environment - Accelerating
Electric Vehicles in Minnesota, 26 June 2017, www.mncee.org/blog/june-2017/accelerating-electric-vehicles-inminnesota/.
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2.2. Current Electric Vehicle Policy in Minnesota
Historically, as noted, electric vehicles have received minimal attention in a state dominated by
biofuels, and as a result, there are only a handful of state-level policies related to electric vehicles in
the state of Minnesota. Minnesota statute requires state agencies to ensure that any new on-road
vehicle purchased have a fuel efficiency rating of 30 miles per gallon or more in the city (35 on the
highway), or be powered through electricity.10 In 2017, an additional registration fee of $75 was
instituted for electric vehicles, the reasoning behind this law being that electric vehicles enjoy the
benefits of road maintenance, but do not pay for that cost through a Motor Vehicle tax, as other
Minnesota drivers do. The EV registration fee is deposited in the highway fund. As electric vehicle
adoption increases, collecting a user fee for the roads in place of the gas tax (or finding some method
for a gas tax replacement for EV’s) will become increasingly important. This issue is also seen as critical
for gaining bipartisan support of policies that promote EV’s in Minnesota.
In 2014, Minnesota passed a law regulating the tariff (or rate) that public utilities offer to those
charging electric vehicles, with the intention of incentivizing the charging of EV’s at off-peak hours. This
law requires the utility to offer an off-peak or time-of-day rate for charging an EV that reflects the cost
differences of electricity at those low-demand times. It also requires the utility to offer the customer
the option of purchasing their EV charging energy from either the standard mix of energy supply
sources, or from all renewable energy sources.
In some states, there is a legal barrier to installing type II or III charging stations, as these can be
regulated as a public utility. In Minnesota this barrier does not exist, as there is explicit language in
statute that prevents this conundrum. Additionally, there is a law that requires any publicly funded
electric vehicle charging infrastructure installed in the state to be compatible with any make, model, or
type of electric vehicle without significant upgrade. This law also requires the infrastructure to be
capable of “bi-directional charging, once electrical utilities achieve a cost-effective capability to draw
electricity from electric vehicles connected to the utility grid.”11
As of the 90th Minnesota legislative session (2017 - 2018), several bills have been proposed in both the
state house and senate related to electric vehicles. Two variants of a similar legislative ruling would
seek to mandate legislative approval of any Volkswagen settlement funding that the Minnesota
Pollution Control Agency acquires (SF 2516 and SF 2473). House File 2751 (and its companion SF
3165) prohibits the non-electric vehicles from parking in an EV charging parking spot.

10
11

Minn. Stat. § 16C.137 (2017)
Minn. Stat. § 325F.18 (2017)
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2.3. Utilities and Electric Vehicles in Minnesota
In Minnesota, investor-owned utilities (IOUs) are publicly regulated by the Minnesota Public Utilities
Commission. The three IOUs in Minnesota provide 70% of electricity sales in the state 12. Since the
public utilities are regulated monopolies, they cannot implement any change that would increase or
promote sales of electricity. As such, they tend to wait for direction from the Minnesota Public Utility
Commission. Recently, the MPUC advised the IOU’s to consider and plan for the growth of electric
vehicles in the state; this information will be included in the utilities’ next annual report, expected to be
available in June 2018.
As of April 2018, Xcel has submitted a proposal related to level II charging installation and rates for EV
owners at their homes which is currently open for comment. The proposal allows customers to have a
level II charger installed in their home, and then “rent” the necessary hardware for a monthly fee. The
utility then, would perform any necessary maintenance at no extra cost. This proposal is not popular
among the EV owners the group talked to, as it will increase monthly costs, and many view the
upgrade as unnecessary, as their current Type I charging setup is adequate.
Other electric cooperatives in Minnesota offer rebates for the installation of residential level 2 chargers.
Although the programs result in an overall increase in electricity usage, the programs can improve
overall efficiency by requiring participation in a time-of-day rate plans. Time-of-day rate plans make
use of off-peak hours, charging when the demand for electricity is low and cheap to produce. By
making use of rate plans and off-peak hours, co-ops are able to recoup the costs of the rebate through
increased electricity sales without placing any additional burden on non-participating rate payers. A
number of utilities across the country have similar incentive programs that encourage enrollment in
time-of-day rate plans. Although Xcel offers several time-of-use plans, they do not currently offer any
additional incentives for enrollment.
Great River Energy and its member cooperatives have a program that allows EV owners to acquire
wind generated Renewable Energy Credits (RECs) at no additional cost. Participants can claim up to 5
000 kWh of RECs annually. However, to claim these credits, customers must enroll in a time-of-use
rate plan.
Xcel has the option for EV owners to enroll in the WindSource program. Similarly, this allows owners to
charge EVs using wind energy by claiming RECs. However, Xcel customers are charged a small monthly
fee for participating in the program.13
There is a tension that exists between energy efficiency and regulated monopolies. There is not an
incentive to promote energy efficiency from the utility, since that would result in decreased revenues.
In some publicly regulated states, however, public utilities have been “decoupled.” Minnesota, for
example, is a decoupled state. This means that rather than earn revenue based on the volume of
electricity sold, a utility is entitled to a certain amount of revenue each year. If their sales exceed their
allotment, they are required to reimburse their customers. If sales fall short of their expected revenue,
then the utility is entitled to charge customers a fee to make up the difference.
Decoupling was implemented to change utilities’ business model to create incentives for utilities to
promote energy efficiency, and has had a positive impact for energy conservation and decreased costs
12
13

PUC Workshop, PUC Docket Number: E999/CI-17-879 (March 2018)
Xcel Energy Programs and Rebates (2018). Web. https://www.xcelenergy.com/programs_and_rebates.
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for ratepayers without harming the utilities’ bottom line. However, with the anticipated rise of electric
vehicles, the question has arisen whether remaining decoupled is adequate to support and incentivize
beneficial electrification for utilities.
While venturing into energizing the transportation sector at scale for the first time will certainly pose
new challenges and require regulatory changes, there is a strong argument for refraining from
“recoupling.” Utilities have the opportunity, whether they are vertically integrated, restructured, or
decoupled, to earn a return on investment for capital investments that will push beneficial
electrification forward14. According to an informal survey of utilities nationwide, the Natural Resources
Defense Council found no correlation between decoupled utilities and pursuing beneficial electrification;
to the contrary, they found that decoupled utilities were leaders in advancing electrification. This
finding has been reinforced in other scholarly endeavors. 15

14

Baumhefner, Max, Natural Resources Defense Council (March 2018). https://www.nrdc.org/experts/maxbaumhefner/are-efficiency-and-electrification-policies-conflict
15
McNeil, K. L. (2011). State policy change: Revenue decoupling in the electricity market. Clemson University.
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2. Policy Overview
The following section will provide both policy overview and analysis through looking at state case
studies, applying electricity consumption analysis to these states, and painting context of the landscape
within which Minnesota will be moving electric vehicle policy forward.

3.1. National Policy Landscape
As of February 2018, there are 25 different types of laws and incentives regarding electric vehicles in
the United States. These occur at both the federal and state level; however, most of this policy analysis
will focus on state-level policies and incentives.
Across the national landscape there are clear leaders. With 62 pieces of legislation, California has
significantly more policies than any other state, followed by Washington, Colorado, Oregon, and
Arizona. According to the National Conference of State Legislatures, “at least thirty-four states and the
District of Columbia offer incentives that would provide high-occupancy vehicle (HOV) lane exemptions,
financial incentives for the purchase of electric vehicles or purchase of electric vehicle supply
equipment (EVSE), vehicle inspections or emissions test exemptions, parking incentives or utility rate
reductions.” 16 Of these, Minnesota ranks 15th in terms of the quantity of laws and incentives adopted.
Only two of the 50 states have legislation regarding electric vehicles: Kansas and South Dakota.
However, quantity does not intrinsically equate to quality - while a state may have a high aggregate
number of policies, these may not all have been put in place to incentivize electric or low-emission
vehicles, an example being a registration fee. For the following analysis, distinction is not made
between policies that incentivize versus policies that disincentivize EVs on the road because there is
value in understanding aggregate interest in EVs, be it positive or negative.
A closer look at individual policy and incentive types is useful. There are eight broad law/incentive silos,
derived from the Alternative Fuels Data Center, which aggregate policies and incentives on electric
vehicles into umbrella categories.17 The silos can be understood as the following:
1. Exemptions free drivers from restrictions and requirements, including parking fees, highoccupancy vehicle (HOV) lane access, and vehicle inspections.
2. Grants provide capital towards eligible project costs
3. Tax Incentives are tax credits and tax exemptions
4. Loans and Leases may refer to direct loans, loan guarantees, or leases
5. Rebates may refer to a rebate for purchase of a vehicle, sale of fuel, or other rebates
6. Registration or Licensing might include vehicle registration or licensing through the state,
fuel use or dispensing permits, fuel production licensing, fuel dispenser labeling, or vehicle
conversion certification opportunities.
7. Acquisition or Fuel Use refers to alternative fuel/advanced vehicle acquisition, such as a
proportion of a fleet composition, or alternative fuel use requirements
8. Education and Outreach refers to any program or dedicated resource that provides
opportunity for increased promotion, adoption/technical assistance, or education programs
related to alternative fuel vehicles. This umbrella is not explicitly included by the AFDC, but was
included.
16
17

National Conference of State Legislatures, July 2017.
Alternative Fuels Data Center, U.S. Department of Energy, February 2018. https://www.afdc.energy.gov/.
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To gain an understanding of how these policy categories manifest across the U.S., the following table is
informative - it provides the number of state policies that fall under each category, the number of
states within which those policies are present, whether Minnesota has adopted anything within the
category, and examples of how that policy category may manifest. These values are just an overview
to indicate relative scale and do capture some policies that are outside the scope of our study such as
utility run programs and incentives.

Policy
Umbrella

Number
of State
Policies

State
s

MN
Policy

Example

Exemption

51

27

NO

Emissions Tests, HOV Lane, Parking

Grant

43

20

NO

Vehicle Retirement Programs, Clean Fleet
Grants

Tax
Incentives

32

20

NO

Reduced License Tax, ZEV Sales Tax
Exemption, Infrastructure Tax Credit

Loans and
Leases

14

8

NO

EVSE Financing, AFV Fueling
Infrastructure Loans

Rebates

53

21

YES

Clean Vehicle Rebate Project (CVRP)

Registration
or Licensing

32

23

YES

AFV Specialty License Plate, Electric
Vehicle Registration Data, EV Registration
Fees

Acquisition
or
Fuel Use

72

36

YES

LCFS, ZEV Mandate, Fleet Fuel Mandates

Table 1. Provides an overview of the number of state policies by policy umbrella and how many states. The table
also gives some example policies that fall under the broader umbrella.

3.2. Case Studies
Understanding this, a handful of examples for each policy category were identified and examined more
closely to ascertain their potential impact on EV adoption in Minnesota. These examples were chosen
for a variety of reasons - often because the policy was successful elsewhere at increasing electric
vehicles on roadways or in fleets, but potentially because there was comprehensive documentation on
the policy and programming, or because the state/context in which the policy was adopted bore some
resemblance to Minnesota. This justification is further expanded for each policy example.
12

Additionally, key states were identified as they relate to Minnesota to use as examples in dissecting
specific EV policies. For this, California, Washington, Colorado, and Michigan were chosen. Policies
adopted by these four states will be highlighted in the discussion of the policy umbrellas in this section.
These case study states may not have policies in all categories. Key policies from case study states are
highlighted, and additional examples from other geographies are incorporated to elucidate policy
mechanisms for which no case study examples exist. For additional international case examples, see
Appendix A.
The following table provides an overview of the justification for these states, the types of policies
pertaining to EVs present in each state, and the density of both electric and green vehicles in the state.
Policy Type

California

Washington

Colorado

Minnesota

Justification

Top Performer nationally, both by
number of electric vehicles on
the road, and policies in place to
mandate or incentivize EVs.

Second highest
density of EVs

Considered the
best cold-climate
performer

Study state

Top performer in
the Pacific NW

5% of new vehicles sold.
Expansive EV infrastructure.

Similar
demography population and
politics- to MN

Exemption

X

X

Grant

X

X

X

Tax Incentive

X

X

X

Loans and Leases

X

Rebates

X

Registration and
Licensing

X

X

X

X

Acquisition or Fuel
Use

X

X

X

X

X

Table 2. Shows the policy types implemented in three states that were chosen as case studies as well as
Minnesota. It also includes a rationale for why each state was chosen and identifies which types of policies are
found in each of the states identified.

In addition to the eight silos identified by the AFDC, policies from the three selected states were further
disaggregated to identify the affected parties and specific implementation tools. The above eight
categories were expanded to 11 to provide further insight into implementation mechanisms. Rate
13

structures, additional fees, education & outreach and other legislation (such as state definitions and
collaborative agreements) were included in addition to the seven AFDC silos. This is shown visually
through the following figures, which provide a state-by-state breakdown of both types of policies and
affected parties of said policies.
Additionally, incentives for charging infrastructure are found consistently throughout all 5 states. This is
likely the result of a combination of both public and private incentive programs. Private rebates for
residential charging equipment are common as they are beneficial for both EV owners and utilities.
Programs requiring public agencies to adopt electric vehicles are also common because the cost
assessments made by agencies are less susceptible to discount rates, and are therefore better able to
justify upfront costs.
The following figure provides the distribution of policy types for legislation pertaining to EVs, and
provides additional context for making cross-state comparatives. For example, the quantity of EV
policies in Colorado is most like Minnesota, however distribution of existing EV policy types in Colorado
is more like Washington. California, as expected, dwarfs the other comparison states, but the
distribution of policy types is very similar to Washington. This also showcases how Minnesota has led in
providing EV incentivization through policies related to rate structure - where the state surpasses even
California.

Figure 1. Shows the number of direct financial incentive, education & outreach, exemptions, loans & leases,
acquisition & fuel use, rate structures and laws in California, Colorado, Washington and Minnesota. The figure
shows the relative prevalence of each type of program in each state.

However, it is only so helpful to analyze individual policies without contextualizing the landscape of
implementation and existing legislation at the time of implementation. The following section depicts
additional insight into layered incentivization and what it looks like to combine non-mutually exclusive
14

strategies to increase statewide EV penetration. There is value in analyzing and understanding the
strategy of other states in implementing EV incentives over time of depicting the nuance of political
palatability for different types of policies and programs.
3.2a. Implementation Timelines
The timelines below – provided for the case study states, including California, Colorado, Washington,
and Minnesota - show the implementation of various EV and AFV policies relative to the consumption of
electricity as a fuel for the transportation sector. The consumption of electricity as a fuel was used as a
proxy variable for the number of EVs for many reasons; data is more readily available, for longer time
periods, and is more consistent both between years and across state lines. The use of a proxy variable
poses several challenges. It’s important to recognize the confounding factors captured in the data and
therefore would recommend against inferring any relationship between fuel consumption and relevant
policies. Nonetheless, the timelines are useful for providing insight into the order of the implementation
of policies that often compete for limited funding.
Through analysis of these timelines, some conclusions may be drawn on the general trends across
states at implementation of EV policies and incentives. In general, exemptions precede most other
programs. Notably, all of the selected states, including Minnesota, have some additional fee for EVs.
These fees have generally been implemented later, following broader or anticipated EV adoption.
Policies aimed at increasing adoption rates amongst public agencies are often the first to be
implemented, because the dollar savings to state agencies for decreasing fuel consumption and vehicle
maintenance are often extremely politically palatable. This is additionally valuable to understand, as
public fleets are an effective means of increasing visibility and investing in charging infrastructure that
will receive reliable use.
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3.2a.1. California

Figure 2a. Shows the consumption of electricity as a fuel source in the transportation sector from 1990 to 2016 in
the state of California. The figure shows the implementation of various policies through the same period and the
following change in sector electricity consumption. There appears to be little correlation between the number or
type of policy implemented and the quantity of electricity consumed as a fuel by the sector.

Figure 2b. Shows the consumption of electricity as a fuel source in the transportation sector from 1990 to 2016 in
the state of California. The figure shows the implementation of various policies through the same period and the
following change in sector electricity consumption. There appears to be little correlation between the number or
type of policy implemented and the quantity of electricity consumed as a fuel by the sector.
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3.2a.2. Colorado

Figure 3a. Shows the consumption of electricity as a fuel source in the transportation sector from 1990 to 2016 in
the state of Colorado. The figure shows the implementation of various policies through the same period and the
following change in sector electricity consumption. There appears to be little correlation between the number or
type of policy implemented and the quantity of electricity consumed as a fuel by the sector.

Figure 3b. Shows the consumption of electricity as a fuel source in the transportation sector from 1990 to 2016 in
the state of Colorado. The figure shows the implementation of various policies through the same period and the
following change in sector electricity consumption. There appears to be little correlation between the number or
type of policy implemented and the quantity of electricity consumed as a fuel by the sector.
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3.2a.3.. Washington

Figure 4a. Shows the consumption of electricity as a fuel source in the transportation sector from 1990 to 2016 in
the state of Washington. The figure shows the implementation of various policies through the same period and
the following change in sector electricity consumption. There appears to be little correlation between the number
or type of policy implemented and the quantity of electricity consumed as a fuel by the sector.

Figure 4b. Shows the consumption of electricity as a fuel source in the transportation sector from 1990 to 2016 in
the state of Washington. The figure shows the implementation of various policies through the same period and
the following change in sector electricity consumption. There appears to be little correlation between the number
or type of policy implemented and the quantity of electricity consumed as a fuel by the sector.
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3.2a.4. Minnesota

Figure 5a. Shows the consumption of electricity as a fuel source in the transportation sector from 1990 to 2016 in
the state of Minnesota. The figure shows the implementation of various policies through the same period and the
following change in sector electricity consumption. There appears to be little correlation between the number or
type of policy implemented and the quantity of electricity consumed as a fuel by the sector.

Figure 5b. Shows the consumption of electricity as a fuel source in the transportation sector from 1990 to 2016 in
the state of Minnesota. The figure shows the implementation of various policies through the same period and the
following change in sector electricity consumption. There appears to be little correlation between the number or
type of policy implemented and the quantity of electricity consumed as a fuel by the sector.
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3.3 Policy Examples

Having obtained a general understanding of statewide landscapes, the following section identifies and
drills down on example policies from each of the AFDC-defined umbrella categories.

3.3a. Exemptions
Exemptions occur in many forms. Intuitively, they serve to incentivize a behavior by diminishing the
personal cost or inconvenience otherwise associated with it. For example, in states with mandated air
emissions testing, allowing EVs to be exempt from mandatory testing not only decreases personal cost
to potential EV owner, but also saves time and energy. An additional characteristic of exemptions is
that they require no additional funding - they simply become lost revenue opportunity. While this may
seem like a deterrent to implementation, it is offset by the fact that there is no need to lobby or
fundraise for additional dollars - an often messy and sometimes insurmountable obstacle to program or
policy implementation. The following section will dive further into two specific exemptions - HOV Lane
exemption, and air emissions testing exemptions. These specific policies were chosen based on either
historic significance to Minnesota specifically, ubiquity, or success rates at achieving air emissions
reductions.
3.3a.1. HOV Lane Exemption
HOV lanes are arguably the most ubiquitous EV incentive. As a road feature that most metro residents
have interacted with, HOV lanes are a special lane dedicated for certain types of vehicles and travelers
who are able to access this lane under a certain set of conditions, such as during peak travel times,
wherein the benefit to the exempted driver is avoiding traffic and decreasing the length of their trip.
They have typically been used to reduce congestion but some states or cities have given EV drivers the
right to use HOV lanes.
Studies of the effects of HOV lane implementation tout the ease of implementation and ability to
manipulate travel demand to ease congestion; in the case of electric vehicle implementation,
proponents champion that decreases in congestion could increase traffic efficiency while simultaneously
decreasing emissions instead of re-routing them. Through their long-standing reputation, HOV lanes
have had countless studies conducted on them, yet there is consensus of positive benefits that they
have on air quality emissions.18 19 This impact has been found to be true regardless of whether
motivation for HOV lane exemption was based in desire to increase EV penetration or decrease
congestion. The four major ways that HOV lanes increase freeway efficiency are through the
following:20 21
(a) Increase of people-moving capacity of the facility (to provide room for growth in persontrips resulting from future development),
(b) The offer of high-speed travel to a larger number of people (to decrease the average travel
time),
(c) Provides an incentive for people to share rides (to increase passengers per vehicle),
(d) Decrease vehicle operating costs (through increasing the average speed and reducing the
impact of stop-and-go traffic)
18

US Dept. of Transportation Federal Highway Administration, Freeway Management Program, 2017
Shewmake, S. (2012). Can carpooling clear the road and clean the air? Evidence from the literature on the
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US Dept. of Transportation, High-Occupancy Vehicle Lanes. (2016). Web.
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Federal legislation allows states to exempt certified AFVs and PHEVs from HOV lane requirements
within the state. There are three key legislative acts that allow this to occur: The 1990 Clean Air Act
Amendments, as codified in Section 40 of the Code of Federal Regulations (CFR) Part 88,22 The Safe,
Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users (SAFETEA-LU), 23 and the
Transportation Equity Act for the 21st Century (TEA-21).24
For federal understanding, AFVs are defined as “vehicles operating solely on methanol, denatured
ethanol, or other alcohols; a mixture containing at least 85% methanol, denatured ethanol, or other
alcohols; natural gas, propane, hydrogen, or coal derived liquid fuels; or fuels derived from biological
materials.” PHEVs are defined as “vehicles that are recharged from an external source of electricity
and have a battery capacity of at least 4 kilowatt-hours.” Lastly, ILEVs are defined by the EPA in 1993
as “vehicles meeting specific LEV exhaust emissions standards and having low levels of evaporative
emissions.” States are also allowed to establish programs enabling low-emission and energy-efficient
vehicles to pay a toll to access HOV lanes. The HOV exemption for AFVs and PHEVs expires September
30, 2025 and low-emission and energy-efficient vehicle toll-access to HOV lanes expires September 30,
2019.
Following this legislation states could adopt policy allowing AFVs to access HOV lanes without meeting
the occupancy requirements. As of February 2018, at least 11 states, as well as the federal
government, have adopted HOV lane exemption in some form. Those states include California, Georgia,
Arizona, Colorado, Florida, New Jersey, Massachusetts, North Carolina, New York, Tennessee, and
Virginia. In some states, the exemption also includes High Occupancy Toll (HOT) lanes.
California
Further analysis was conducted of the implementation of HOV lane exemptions for AFVs in California.
The California Air Resources Board (CARB) adopted low-emission vehicle (LEV) regulations as far back
as 1990, however use of HOV lanes by super-ultra-low-emission vehicles (SULEVs) - even if they did
not meet the occupancy criteria - was not adopted until 1999.25 This legislation was later extended to
include other AFVs (including hybrids or other AFVs that met the state’s partial zero-emission vehicle or
PZEV standards). The purpose of the bill was specifically to “encourage early deployment of cleaner
vehicles by allowing access to the HOV facilities.”
The legislation outlined direction for the California Department of Transportation (Caltrans), the
California Department of Motor Vehicles (DMV), CARB, and the California Highway Patrol in developing
and implementing the process and procedures governing the program. These procedures included
identifying exempt vehicles, administering the program, and monitoring use by these vehicles. More
specifically, monitoring and enforcement of HOV lane use occurs through “clean-air decals” issued by
the California DMV.
Because of this, there was opportunity to ensure that the HOV lane exemption would not exceed the
HOV lane load capacity, so prior to September 2016, the DMV was not allowed to issue an excess of
85,000 decals to hybrid vehicles. However, as of September 2016, the statutory limit of decals available
22
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for PHEVs was removed, and now an unlimited number of decals may be issued. 26 Further, the
program embeds increasing demands on emission standards within the legislation - from 2000 through
2003, vehicles meeting California’s ultra-low-emissions vehicle (ULEV) standards were eligible; from
2004 and on, only vehicles meeting CA’s SULEV standards and federal ILEV standards were eligible for
the exemption.
Also in 2004, responsibility for monitoring and enforcement was handed over to the California
Department of Transportation (Caltrans). Post-transition, the state found that HOV lanes were still able
to meet their intended function of reduced travel times and decreased traffic congestion even with the
inclusion of HEVs/ILEVs. This finding helped minimize fears that increased congestion in HOV lanes was
too great to offset the clean air emissions through both (a) additional ILEVs/SULEVs on the road, and
(b) decreased congestion in other lanes of traffic.
However, concurrent to the transfer of responsibility and monitoring, but after HOV lanes came under
fire in 2000, a legislative report put out by the state of California reported that HOV lane impacts on air
quality were mixed - two intensive monitoring studies were conducted to better understand the results
of HOV lane adoption on air quality. Summarized, the 2006 reports found that:
(1) Under existing demand conditions, the HOV lanes on the freeways produce less pollutant
emissions per lane as compared to the adjacent lanes. This is mainly due to the better flow of
traffic in the lanes; and,
(2) Considering that the average vehicle occupancy in the HOV lanes is approximately double of
the average vehicle occupancy in the MF lanes, the HOV lanes are also found to produce far
less emissions per traveler.” 27
The same report also addressed perceived opportunity cost of HOV lane exemption to ILEVs/SULEVs. It
found that as of December 31, 2016, the number of decals issued for PHEVs was 94,790, while
124,944 were issued for ILEVs. This influx of HOV lane use understandably has impacts on the road
integrity. According to a 2017 report by Caltrans, they monitored “degradation on 1,322 lane-miles of
HOV lanes [which] represents about 75 percent of the total 1,765 lane-miles of state HOV lanes in
operation.” 28 Even so, the report indicated that a “connection between exempted vehicles and
degradation has yet to be established.
Additional plans are currently under way to collect and analyze data for HOV lanes utilization in the fall
of 2017 and spring of 2018.” This response indicates that while additional research will help shed
additional light on the problem, there was no immediate or significant effects on roads - it was still
unclear what extent additional vehicles have, and it may be found to be insignificant.

26
27
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California Vehicle Code § sections 5205.5 and 21655.9
Modeling the Effectiveness of High Occupancy Vehicle (HOV) Lanes at Improving Air Quality, 2006
2016 California High-Occupancy Vehicle Lane Degradation Determination Report, October 2017
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Colorado
In 2008 the state of Colorado Department of Transportation (CDOT) began issuing permits to allow
hybrid and low emissions vehicles to use the HOV and HOT lanes. A cap of 2,000 vehicles was put on
the program to ensure that traffic in these lanes was not negatively impacted. The program has been
very popular and there are not currently any permits available. In 2016 a waiting list was created for
people interested in obtaining permits. Permits are valid for the length of time a person has the vehicle
but the permits are non-transferable. 29
There have been several unsuccessful attempts to increase the number of permits available since the
cap was reached. With an extensive waiting list and other state incentives available it is unclear if
consumers still view the policy as an incentive that drives purchases of low emissions vehicles in
Colorado.
Virginia
As an additional example, outside of the case study states, Virginia merits some discussion with
regards to their HOV lane exemption. Virginia is unique to this analysis as - outside of HOV lane
exemptions - it is not considered a champion for EVs.
An analysis of HOV lane implementation for EVs in Virginia conducted by the US Department of
Transportation - Federal Highway Administration’s Office of Operations provides insight. Since 2000,
earlier than federal legislation accommodated, inherently low-emission vehicles (ILEVs) have been
allowed to access HOV lanes.30 In Virginia, the admittance of ILEV/HEVs in HOV lanes came
subsequent to legislation first approved in 1993 that established a clean-special-fuel license plate
(currently $25.00). This legislation also defined the types of vehicles which were qualified to obtain the
special plates.
One year later, legislation in 1994 allowed vehicles with the special-fuel license plates to use HOV lanes
in the state without meeting the minimum-occupancy requirements. In the early 2000s, “the Virginia
Department of Motor Vehicles, in consultation with the Virginia Department of Environmental Quality,
allowed owners of hybrid vehicles to obtain clean-special-fuel license plates” as that is when hybrid
vehicles first began entering the market. Subsequent legislation since 1994 has continued to extend the
sunset date on the original legislation; the last update was made in 2012 with an extension to
September 2019 for the exemption.31
An evaluation conducted of ILEV adoption after HOV lane exemption through the special clean fuel
license plate found that “hybrid vehicles comprise the vast majority of the license plates issued,
accounting for almost 95% of the total. In comparison, no other type of low-emission or energyefficient vehicle comprises more than 1.3 percent of the total.” Further, the number of license plates
issued rose dramatically from the 1994 (78 issued) to 2004 (5,943 issued).32
If instituting this type of policy in Minnesota, criteria or caps could be set to ensure that hybrid
vehicles do not disproportionately utilize the exemption, especially because the air quality benefits of
hybrid vehicles are significantly less than battery electric vehicles.
29
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3.3a.2. Emissions Testing Exemptions
Many states exempt AFV from tailpipe emissions testing. The implementation of emissions testing
programs varies greatly by state and so the incentive offered by an exemption has varying degrees of
success. States with more stringent testing requirements will experience greater adoption rates with
testing exemptions. Most state programs include vehicles powered by liquefied or compressed natural
gas, hydrogen, a combination of natural gas and hydrogen, and electricity. Some states have included
hybrid vehicles with overall efficiencies of more the 50 miles per gallon.
Some states require additional testing or inspection. The Utah State Tax Commission may require the
testing of clean fuel vehicles for safe operation. While the testing does not pertain to tailpipe emissions,
additional testing requirements will impede the adoption of clean or alternative fuel vehicles. States
with more stringent emissions testing requirements will benefit more from testing exemptions. These
exemptions will have little to no impact on EV adoption in Minnesota because there is no state
mandated emission testing. This is true because attempts, historically, to monitor or enforce mobile
source emissions have been repealed. For example, Minnesota repealed its eight-year-old mandatory
tailpipe emissions test program in 1999 under Governor Jesse Ventura. The action allegedly came after
“Minnesota's legislature acted after hearing numerous complaints about delays at test garages and the
exorbitant cost of fixing carburetors and mufflers that failed to pass.” 33 While it is unlikely to be
reinstated after such a recent repeal, if this type of test is adopted again, it could be strategic and
advantageous to GHG emission decreases to include or embed exemptions for any policy pertaining to
ILEVs, HEVs, or ZEVs.
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3.3b. Direct Financial Incentives – Tax Incentives, Grants, and Rebates
Financial incentives include grants, rebates and tax incentives aimed at AFV and related infrastructure.
We are discussing them together because the Minnesota state legislature considers disbursed funds
and foregone tax revenue to be the same. The implementation costs of tax credits, grants and rebates
will therefore be considered the same. In practice, the programs differ in how they are administered
and implemented. Tax incentives, grants and rebates have all be used to incentivize the purchase
and/or installation of both EVs and EVSE at a variety of scales.
It should be noted that although the state considers funds dedicated to each program to be similar,
public perceptions are subject to discount rates. Programs offering money up front or close to the time
of purchase will be perceived as more valuable. Programs that provide upfront funding or incentives
close to the time of purchase will therefore have more equitable participation than those that offer
incentives later.34

3.3b.1. Tax Incentives
Tax incentives are tax exemptions for individuals and businesses. They have a longer payback period
than other financial incentives and therefore can be viewed as less effective in incentivizing low-income
participation.35 States offer various tax incentives in addition to the federal tax credits. Most common is
a sales and use tax exemption for eligible vehicles and infrastructure. California offers tax credits for
the purchase, manufacture and installation of eligible alternative fuel services and related
infrastructure. Colorado offers a tax credit of up to $5,000 for the purchase of a light duty passenger
EV and Washington offers tax exemptions for the sale and use of EVs.
California
In California, the California Energy Commission (CEC) administers the Alternative and Renewable Fuel
and Vehicle Technology Program (ARFVTP) to provide financial incentives to businesses, vehicle and
technology manufacturers, workforce training partners, fleet owners, consumers, and academic
institutions with the goal of developing and deploying alternative and renewable fuels and advanced
transportation technologies. The program provides up to $100 million in incentives for alternative fuel
production, infrastructure, technology, manufacturing and planning. Additionally, the California
Alternative Energy and Advanced Transportation Financing Authority (CAEATFA) provides a sales and
use tax exclusion for qualified manufacturers of advanced transportation products, components, or
systems that reduce pollution and energy use and promote economic development. 36
Colorado
The Colorado PHEV tax incentive program offers tax credits for the purchase or conversion of eligible
vehicles. Light duty EVs are eligible for a credit of up to $5,000, while light duty trucks are eligible for
credits up to $7,000. Medium and heavy-duty trucks are also eligible for credits of up to $10,000 and
$20,000 respectively. The program includes efficient improvement and idle reduction programs for
heavy duty trucks.37
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Washington
Washington provides sales and use tax exemptions for AFVs, as well as a tax credit for the purchase of
a new AFV. Unlike Colorado, the Washington AFV credit is limited to commercial fleet programs. Eligible
vehicles can receive a credit of up to 50% of incremental costs with maximum credit limits based on
gross vehicle weight rating.38

3.3b.2. Grants

Grants are financial incentives that are offered at the time of purchase or time of investment. Grants
are likely to have the most success in low-income populations because they are the only incentives that
directly address the higher upfront cost of electric vehicles. Currently 19 states offer grants for AFVs or
related infrastructure. Of the four selected states, California offers 11 different grants programs, while
Colorado has 4, and Washington only one. Colorado administers grant programs for charging
infrastructure and new PHEV purchases. Additionally, grant funding is available for manufacturing and
research and development related to ‘advanced industries.’ Washington offers grants for charging
infrastructure pilot programs.
California
California grant programs are aimed at a variety of sectors. Grant money is available specifically for
new vehicles and EVSE purchases, public agencies and academic institutions, vehicle retirement
programs and heavy duty and fleet conversions. Because California has so many grants available we
will focus on the unique retire and repair and replace programs that incorporate equity as a
consideration in providing funds.
Grant programs are run at the regional level in California. The San Joaquin Valley Air Pollution Control
District and the South Coast Air Quality Management District administer the Enhanced Fleet
Modernization Program (EFMP) Pilot Retire and Replace program, providing grants to replace a vehicle
eligible for retirement with a more fuel-efficient vehicle. Used vehicles must be no more than eight
years old and average over 35 MPG. This grant program is not just for electric vehicles; alternative fuel
vehicles are also eligible. Funding for alternative transportation mobility options, such as public
transportation or car sharing, is also available if participants decided they do not want to purchase a
new vehicle. The incentive amounts vary by income level as compared to the Federal Poverty Level
(FPL) and replacement vehicle type.
To qualify for low income rebates an applicant must make up to 225% of the FPL. To qualify for the
moderate-income incentive tier up to 300% of FPL. For all applicants that earn more than 400% of the
FPL small rebates are available only for ZEV and alternative transportation mobility options. 39
California legislation AB 118 enacted the Enhanced Fleet Modernization Program (EFMP) in 2007.
Approximately $30 million is available annually to fund the EFMP program through collection of $1
surcharge on motor vehicle registration.40 The program receives additional funding from revenue from
the California cap and trade system.
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Vehicle retirement is incentivized in two different ways. The Retirement-only program provides $1,500
to lower-income drivers to retire their older, higher polluting car. The Retirement-only program is
available statewide and is administered by the Bureau of Automotive Repair (BAR) through their
Consumer Assistance Program (CAP).
The Retire and Replace program goes one step further than the retirement-only program by providing
up to $4,500 to lower-income drivers who scrap an old car and buy cleaner and more fuel-efficient
replacement cars. Alternative transportation mobility options, such as transit p
Participants in or near disadvantaged communities may also be eligible to receive an even higher
incentive from EFMP Plus-Up.41 EFMP Plus-Up is funded through California Climate Investments. For
fiscal year 2016-2017, the California state legislature appropriated at least $60 million to EFMP Plus-Up.
EFMP Plus-Up complements the Retire and Replace program. Together they provide up to $9,500
toward the purchase of an advanced technology replacement vehicle (e.g. hybrid, plug-in hybrid, or
zero-emission).42This program offers funding on the same income considerations as the program
discussed previously and is also funded in large part by revenue from the state-wide cap and trade
system.
Washington
The Washington State Department of Transportation (WSDOT) has developed a pilot funding program
to strengthen and expand the West Coast Electric Highway network by deploying DC fast charging
infrastructure along highway corridors in the state. Through a competitive application process, WSDOT
awarded $1 million in grants for the 2017-2019 Electric Vehicle Infrastructure Pilot Program. WSDOT
leveraged the funds with matching commitments of about $1.5 million, for a total investment of about
$2.5 million.
Washington, like Minnesota, has implemented an electric vehicle registration fee. The additional fee for
registering an electric vehicle is $150. $1 million worth of revenue from this fee was used to fund this
pilot program.
Colorado
Colorado administers grant programs for charging infrastructure and new PHEV purchases to
individuals, government agencies, and business. Additionally, grant funding is available for
manufacturing and research and development related to advanced industries.
Charge Ahead Colorado
Charge Ahead Colorado is a partnership between the Colorado Energy Office, CEO, and the
Regional Air Quality Council (RAQC). The program design allows for flexibility. Each organization
sets its own priorities and contributes a portion of the funding. The RAQC was awarded federal
funding from the Congestion Mitigation/Air Quality (CMAQ) program to fund this opportunity
and CEO’s funding is designated specifically for the Denver Regional Council of Governments
(DRCOG) planning area of Adams, Arapahoe, Broomfield, Boulder, Denver, Douglas, and
Jefferson Counties to improve air quality in the region.
CEO’s electric vehicle charging program was established by the Colorado legislature in 2009 and
reaffirmed in HB-1315. The fund allows CEO to provide grants to install electric charging
41
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stations, to fund local governments, state agencies, public universities, public transit agencies,
private nonprofit or for-profit corporations, landlords of multi-family apartment buildings, and
homeowner associations that have prioritized energy efficiency measures. 43

3.3b.3. Rebates
Rebates are direct financial incentives that are paid post-purchase or post-investment. While the
payback period on rebates is shorter than that of tax incentives they do not address the high upfront
cost of electric vehicles directly and therefore may not be as successful in motivating low-income
populations to participate as grants.
California
There are 13 different rebate programs, offering rebates for vehicle and equipment purchases, public
agency and fleet conversions, and vanpool programs in California.
One of the seminal examples of this is the state of California. In 2009 the California Environmental
Protection Agency’s Air Resources Board (CARB) introduced the Clean Vehicle Rebate Project (CVRP),
administered by the state agency Center for Sustainable Energy (CSE). The program is meant to
provide rebates for the purchase or lease of zero-emission and plug-in hybrid light-duty vehicles, to
promote the adoption of zero-emission vehicles and support technology innovation, starting at $1,500
and going all the way up to $7,000.
California residents with an income of less than $150,000 for single filers, $204,000 for head-ofhousehold filers, and $300,000 for joint filers are eligible for the program. Rebates are tiered by both
income and vehicle type. Rebates range from $1,500 for PHEV to $5,000 for fuel cell vehicles. 44
Through 2017, the CSE has administered and processed more than $440 million in rebates through this
program, totaling over 200,000 individual rebates, with the majority going to BEV’s at 59.4%, PHEV’s
at 38.9%, and FCEV’s at 1.3%. You can track real time program statistics CARB’s website. 45 The
program continues to receive funding every year from CARB, worth over $100 million each year, so as
long as the EV market continues to grow, this program should help lead to a continuous increase in EV
sales. Since it began this program has been funded by profits from the California cap and trade system.
This program is unique nationally in its consideration of income levels to assess qualification for rebate
or incentive. Like many other financial incentives in California, CVRP’s tiered incentives attempt to
address equity and accessibility concerns.
Massachusetts
We are additionally including a program from outside of our case study states, the MOR-EV program in
Massachusetts. MOR-EV is administered by the Center for Sustainable Energy, the same organization
that runs California’s CVRP discussed above. BEV’s, PHEV’s, FCEV, and ZEM’s are eligible for rebates.
Since 2014, the program has issued or reserved over 7,200 rebates with a total cost of $14.4 million,
and has an estimated total GHG emissions reduction of 13,300 metric tons by the end of 2017, and in
just 2017 alone, the program reduced GHG emissions by 4,800 metric tons in 2017. It was possible to
43
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calculate these figures through the programs extensive monitoring and reporting strategy all of which
is documented on their website dashboard.46
This program is funded almost exclusively through revenue generated by the RGGI, Regional
Greenhouse Gas Initiative. RGGI is a mandatory market-based trading mechanism operating in nine
Northeastern and Mid-Atlantic states. Since the revenue generated by the sale of carbon credits varies
quarter-to-quarter the Department of Energy Resources uses discretionary funds to fill any gaps in
funding and ensure program stability.

3.3c. Loans and Leases

There are both federal and state loan programs available for electric vehicle infrastructure investments.
U.S. Department of Energy’s Loan Guarantee Program offers loans of up to 100% of the value of an
eligible project that reduces air pollution and greenhouse gases, and supports early commercial use of
advanced technologies, including biofuels and AFV’s. Many states have also implemented specialized
loan programs for transportation projects focused on decarbonization.
South Carolina
South Carolina’s Alternative Fuel Vehicle Revolving Loan Program for Public Entities offers low interest
loans through the South Carolina Energy Office for energy efficiency improvements, including AFV
conversions and incremental costs. State agencies and public education institutions are eligible to up to
70% of the project’s fund as a loan, while private non-profits and local government can apply for up to
100% of the project’s cost, ranging from $25,000 to $500,000 per fiscal year. 47
South Carolina offers a similar low interest loan program for private entities, including businesses,
industries, and utilities, called the Energy Efficiency Revolving Loan. This loan is intended to help
companies save money by saving energy, and may cover up to 100% of the project costs. The
preferred loan size is $50,000, but up to $1 million may be awarded. Loans must be repaid after one
and a half times the projected payback period and are awarded at a 2% interest rate. In South
Carolina, the loan is administered by an outside organization that specializes in providing loans to small
businesses. The program was originally created using stimulus funding. Examples of projects have
included a trucking company that converted their vehicles to hydrogen fuel; and a car dealership that
retrofitted their lighting.48
California
California offers a financing program for small businesses to design, develop, purchase, and install
electric vehicle supply equipment called the California Capital Access Program (CalCAP). The program is
open to small businesses (1,000 employees or less--as opposed to Minnesota’s 500 employees or less
small business standard) and is funded at $2 million by the California Energy Commission. It was
created to incentivize small businesses to provide charging infrastructure for employees, clients, and
tenants, and to in turn reduce range anxiety among potential EV buyers. CalCAP operates as follows: a
business or lender applies to the loan program. When approved, the CalCAP contributes 20% of the
loan amount to the lender’s loss reserve account, or 30% for project installations at multi-family
housing units or in disadvantaged the communities. When the borrower repays the loan, the program
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reimburses the borrower at a rate 10 to 15% of the value of the loan (or half of the contribution to the
lender’s loss reserve account).49

3.3d. Registration or Licensing

Registration and licensing refers to any fee or discount to a vehicle registration fee, or it may refer to a
special ILEV/SULEV license plate or decal that denotes a vehicle as being low emission or electric.
There is significant opportunity for creativity in incentivizing EVs by aggregating incentives with vehicle
registration - an action that any vehicle owner must partake in, regardless of vehicle type. For
example, there could be an option to opt into a statewide EV fund devoted to charging infrastructure at
the time of registration.
As previously discussed, MN has placed an additional vehicle license registration fee on EV’s to recover
the loss of gas tax revenue earned by ICE’s. Oregon has taken a different approach. All light passenger
vehicles are subject to the same biennial registration fee, however, title transfer fees are calculated
based on the MPG of the vehicle. Transferring the title of an EV costs $83 more than that of a vehicle
that gets between 20-39 MPG. This policy allows Oregon to recoup the costs of lost tax revenue
without placing an extra burden on an emerging market.50
Additionally, EV registration has been used in some states as a way to collect and share data. For
example, Connecticut requires the DMV to record the number of electric vehicles registered in the state
and has that information publicly available on the department’s website. This statute also requires the
information to be updated every six months.51

3.3e. Acquisition or Fuel Use
3.4e.1. Low Carbon Fuel Standard (LCFS)
A Low Carbon Fuel Standard is a relatively new type of policy, which manifests as a market-based cap
and trade approach to decreasing GHG emissions from petroleum-based transportation fuels, like
conventional reformulated gasoline and diesel. The logic behind adopting a LCFS is that the “lifecycle”
of each fuel should be assessed and evaluated to reflect the true GHG emissions from production to
use. In many forms of discourse, lifecycle or life cycle assessment (LCA) is any form of evaluation that
provides a comprehensive analysis of the inputs/byproducts of a product, including the process, use,
and recycling/disposal to calculate the carbon intensity of any given fuel or vehicle (per unit traveled).
Within the policy, targets are set for comprehensive carbon intensity reductions for all fuels by
producers, which function through a credit system. Typically, as in California, one credit is equal to one
metric ton of avoided carbon dioxide emissions.
This policy allows flexibility within adoption, as no stipulations are set around how consumers intend to
meet target reduction goals, just the establishment of standards for how the reductions in carbon
intensity shall be measured. Additionally, there is opportunity to establish LCFS or fuel mandates which
target specific user groups, or work to address specific types of polluters. While it may be politically
49
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unsavory, ascribing polluters above a certain threshold to abide by some form of fuel or fleet mandate
could have the greatest efficacy at decreasing pollutants.
California
Adopted in its present form in 2009, and updated in 2012, California is considered a leader among
states, having implemented the first, and most comprehensive, LCFS policy. The program was
established through Governor’s Executive Order S-01-07 in 2007. The California LCFS requires “a
reduction in carbon intensity of transportation fuels that are sold, supplied, or offered for sale in the
state by a minimum of 10% by 2020.” 52 CARB, who is responsible for monitoring and enforcement,
explains the program as based on the understanding that each fuel has “lifecycle” greenhouse gas
emissions. These GHGs include CO2, N2O, and other greenhouse gas contributors. Life Cycle
assessment examines the GHG emissions associated with “the production, transportation, and use” of a
given fuel, as well as the indirect emissions affiliated with, for example, land use changes in the
cultivation of biofuel stocks.
The GREET model (Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation), which
was developed by Argonne National Laboratory, is used to calculate the carbon intensity value of each
fuel (and was used in policy analysis throughout this report). These types of clean fuel standards - as
well as similar policies like Oregon’s Clean Fuels Program - were originally thought of primarily as
biofuel policies. However, in more recent years, the LCFS has started to play a major role in California’s
exploding electric vehicle (EV) market by providing incentives for electricity as a transportation fuel. 53
Another component of the LCFS program is to maintain “a registry of alternative fuel producers who
have submitted all appropriate documentation and are eligible to participate in the LCFS Credit Market
and sell or trade credits for their low carbon alternative fuel products.” This registry has been made
available online for easy access. Finally, CARB has initiated a Quarterly Report, which “describes the
carbon reduction obligation for the petroleum industry and describes the relative carbon debits and
credits for the industry.” The aggregate of these policy components and documentation regulations
means that California’s LCFS program is easy to monitor and analyze for efficiency and identification for
potential areas of improvement.
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Figure 6, created by the California Air Resources Board (Stephen d'Esterhazy) to depict GHG emission reductions
through LCFS adoption from 2011 to 2016, with a forecasted trendline from 2016 and onwards. Trends show
dramatic impacts from the LCFS on percent reduction in carbon intensity for the state of California. Source: State
of California, CARB, 2017

Results of LCFS vehicle adoption on California roads have been dramatic, with reported reductions in
carbon intensity markedly below the historic compliance targets. In just the first year of adoption, “the
reported average fuel carbon intensity (AFCI) of all alternative fuels included in the program declined
15 percent from 86.4 gCO2e/MJ the first year of the program (2011), to 73.5 gCO2e/MJ in 2014.” 54
As of 2016, there was an additional 0.71% reduction in carbon intensity. These results in California
have been a significant contributor towards meeting state air quality goals outlined by the governor.
Further, the policy has also provided additional positive externalities, from insulation to gas price
spikers for consumers, and economic benefits. Analysis on these figures estimates the LCFS will result
in “$1.4 – $4.8 billion in societal benefits by 2020 from reduced air pollution and increased energy
security.” 55 This analysis was commissioned by a coalition of business groups, including: California
Electric Transportation Coalition, Advanced Biofuels Association, California Natural Gas Vehicle
Coalition, National Biodiesel Board, Environmental Entrepreneurs and Ceres.
Now in its fifth year, there is a draft scoping plan out by the CARB to extend the LCFS to 18%
reduction beyond 2020. Estimates outlined in that scoping plan include the following (adapted from the
2017 Scoping Plan):
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Measure

Range of
GHG
Reductions
(MMTCO2)
*

Range of
NOx
Reductions
(Tons/Day)

Range of
VOC
Reductions
(Tons/Day)

Range of
PM2.5
Reductions
(Tons/Day)

Range of Social
Cost of Carbon
$million USD
(2015 dollars)

Cost/metric
ton in
2030*

18% Carbon
Intensity
Reduction Target for
LCFS Liquid Biofuels

~4

4.0 - 4.9

0.6 - 0.7

0.5 - 0.6

$55–$340

$250

25% Carbon
Intensity Reduction

~5

3.8–4.7

0.8–1.0

< 0.1

$55–$460

$400

Target for LCFS
and a Low Emission
Standard - Liquid
Biofuels*

Table 3, estimates derived by the CARB for the 2017 policy scoping plan, outlining the range of GHG reductions,
NOx Reductions, VOC reductions, PM2.5 reductions, and then the range of social cost of carbon, and forecasted
cost/metric ton in 2030 to decrease carbon intensity by that percentage.

Far-reaching effects of this type of policy, and of shifting away from petroleum dependence towards a
greater reliance on LCFs, are also being discussed in California. CARB explores how “increased demand
for conventional biofuels could require greater use of land and water for purpose-grown crops, which
includes interactions with the agricultural and natural and working lands sectors” (CA ARB, pg. 103,
2017). However, the counter of this consideration with the effects of continued growth in fuels from
waste biomass - processing residues, agricultural wastes and excess forest biomass - may decrease
external pressure on cropland “to meet the need for food, feed, and fuel.”
Part of the success of the LCFS in gaining additional political traction has come from the quarterly
reports put out by CARB. For example, the following graph is an example of one incorporated into the
CARB quarterly ZEV reports. It shows almost 100% decline in ethanol (>75%) from 2011 to 2017. 56
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Figure 7, depicts Credit Percentage by Fuel for California by fiscal quarter for each fuel type (2011 through 2017)
| Source: California Air Resource Board (CARB) Summary Report, 2017

With specific consideration for electric vehicles, the increase of both EVs and charging station
deployment will undoubtedly be affected by subsequent driving behavior, “determining where
additional electric generation capacity and ancillary services are needed to maintain a reliable grid and
accommodate a portfolio of 50 percent renewable electricity by 2030.” The authors purport that
“charging control and optimization technologies will determine how well integrated the electric and
transportation sectors can become, including, for instance, the widespread use of electric vehicles as
storage for excess renewable generation, vehicle to grid, smart charging, and/or smart grid.” However,
they additionally acknowledge the efficacy of energy production in the service areas as a determinant
of cumulative EV GHG reductions.
Oregon
Oregon’s Clean Fuels Programs is an almost decade-long initiative that was adopted by HB 2186, which
“authorized the Oregon Environmental Quality Commission (EQC) to adopt rules to reduce the average
carbon intensity of Oregon’s transportation fuels by 10 percent over a 10-year period.” This regulation
was then expanded in 2015 - via SB 324 - which gave birth to the Clean Fuels Program in 2016. As
described by the Oregon EQC, the clean fuels standards regulate all importers of gasoline, diesel,
ethanol, and biodiesel, through assignment of an annual average carbon intensity - similar to
California. The following table depicts the clean fuel standard reductions as outlined in the 2015
legislation.57
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Clean Fuel Standards (gCO2e/MJ)
2016

201
7

201
8

2019 2020

2021

2022

2023

2024

2025

%
Reduction

0.25

0.5

1.0

1.5

2.5

3.5

5.0

6.5

8.0

10.0

Gasoline

98.37

98.13

97.66

97.16

96.18

95.19

93.71

92.23

90.75

88.78

Diesel

99.39

99.14

98.61

98.12

97.12

96.12

94.63

93.14

91.64

89.65

Table 4. Describes the fuel carbon intensity obligation for the state of Oregon by decrease in CI for each fuel
type, as well as aggregate % reduction in CI for the state’s transportation fuels

Like California, Oregon implements their Clean Fuels Program through evaluation of the lifecycle
greenhouse gas emissions from a transportation fuel, as calculated through an Oregon-specific version
of Argonne National Laboratory’s GREET model. Regulated parties of this policy are assigned a credit
value - based on the reduction goals for each year and their fuel consumption portfolio - which they
must balance for carbon intensity. Like California, there is opportunity for parties to generate additional
credits, which are then eligible to be sold to other entities. This mechanism allows for market
monitoring of the value of a credit, which has enhanced political feasibility.
Prior to adoption of the legislation, Oregon conducted a statewide study in 2016 to understand the
opportunity for a “cap-and-trade” approach to regulate GHG emissions in the state. Major findings from
their research included the following:
● Concrete GHG emissions reductions due to the policy implementation,
● Flexible implementation mechanisms which makes cap-and-trade more cost-effective at
achieving emissions reductions than some alternative policies,
● Little statewide economic impacts are expected because the market largely dictates how
LCFS plays out,58 and
● The policy is able to be easily integrated with Oregon’s pre-existing climate policies including the Renewable Portfolio Standard.59 60
Oregon is also unique in that it exempts fuels used for a variety of activities. These include: “aircraft,
construction equipment, farm tractors, farm vehicles, implements of husbandry, locomotives, log
trucks, military tactical vehicles and tactical support equipment, racing activity vehicles and watercraft.”
61
The value of creating these exemptions could have multiple motivations: exempting agricultural uses
could make the policy more feasible to adopt, while exempting larger vehicles may have more to do
with the current technological capacity of LEVs - and especially EVs. Additionally, the state of Oregon
exempts small importers – any business that imports less than 500,000 gallons of transportation fuels
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annually.
Like California, a business must “obtain a carbon intensity value” through one of three means, all of
which default to the CARB intensity values - as adjusted to account for transportation differences of
shipping the fuel to Oregon versus to California. This Oregon DEQ administers the program, and
developed an online system - the CFP Online System - through which regulated parties can submit
progress reports and compliance reports, buy and sell credits, and where alternative fuel producers can
manage the reported CI values for their fuel pathways.
Employing a similar strategy to California, Oregon’s Clean Fuel Program has the additional benefit of
pacifying multiple political constituents - biofuels, natural gas processors, and all low-CI fuel producers
stand to gain from adoption of the program. However, coming into play on the coattails of California’s
LCFS, there was some additional concern that states with high geographic proximity would then have
competing fuel producers. While this could result in many outcomes, some argue that this new
interstate market opportunity would spur increased competition in the alternative fuels industry, which
could end up saturating the alternative fuels market, decreasing the value of a low-carbon fuel credit. 62
However, as a function of this, there would be improved reductions in GHG emissions.
The largest political pushback of this type of policy in Oregon - what some may consider unsurprisingly
- comes from gasoline and diesel producers, due mainly to the inability to blend proportions of ethanol
greater than 10 percent into gasoline. The Oregon Fuels Association lobbied for multiple years to get
the CFP repealed, resulting in inaction of transportation and bonding bills at the legislature in the
meantime. Attempts to repeal ended in 2016, a year after Oregon’s Governor - Kate Brown - extended
the LCFS legislation.
One final way that Oregon has worked to ensure that their Clean Fuels Program made additional efforts
to work for all constituents by implementing a $200 carbon credit cap. This July 2017 initiative was a
component in the 2017 Oregon transportation bill, which additionally allocated forecasting responsibility
to the State of Oregon’s Department of Economic Analysis. The function of this forecasting is to
mitigate issues if forecasts show potential clean fuel shortages. Finally, the transportation bill requires
the Oregon’s DEQ to provide “monthly and annual information on program costs and greenhouse-gas
reductions” as a measure of monitoring efficacy of the program.63
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Additional Example: United Kingdom
The UK is in a very similar situation to Minnesota. Having adopted climate emissions goals through the
Paris Climate Accord, and national Carbon Budgets set under the UK Climate Change Act, the resulting
limit for GHG emissions is set to 57% of 1990 levels between 2028-2032 (as an average annual level)
(2016), and 80% savings in carbon emissions (compared to the 1990 baseline) is required by 2050.
Similarly, transport in the UK accounts for approximately 25% of UK GHG emissions, which were
observed to increase in both 2014 and 2015.
Additionally, the European Union (EU) Renewable Energy Directive and EU Fuel Quality Directive also
shape AFV policy and emission goals in the UK, both of which include mandatory carbon and
sustainability requirements as well as reporting requirements. The RED identifies a target that 10% of
energy used in transport derive from renewable sources by 2020. “A significant proportion of this
target is expected to be met through the supply of sustainable biofuels.” 64 The Fuel Quality Directive
(FQD) “imposes an obligation on fuel suppliers for land transport and related uses in all Member States
to achieve at least a six percent reduction in life cycle greenhouse gas (GHG) emissions in the fuel they
supply by 2020, judged against a baseline of average fossil fuel lifecycle emissions,” as well as
mandatory reporting requirements. In December of 2011, transport elements of the Renewable Energy
Directive were implemented in the UK.
The UK does also mandate that all passenger cars and light vans sold undergo “type approval testing”
per the New European Drive Cycle, which measures air pollutants, CO2 emissions, fuel consumption,
and range and energy consumption (for PHEVs and BEVs).
Finally, and most topical, the Automated and Electric Vehicles Bill (brought to Parliament in October
2017) increases access and availability of charge points for electric vehicles, which includes granting
government authority to make charging station installation compulsory across the country65. As of
February 2018, the bill is at the Committee Stage in the House of Lords, already having made it
through the House of Commons.
Given this context, and as the UK moves forward, there are considerations for how they will achieve
these emission reduction goals. Much like Minnesota grappling with goals set out in the Next
Generation Energy Act (2007).66 However, the foundation upon which the country chooses to strategize
and address GHG emission reductions has effectively been laid through adoption of this legislation. This
is something extremely amenable to other geographies - such as Minnesota - and substantiating a
mandated framework moving forward could have far-reaching effects.
United Kingdom’s Renewable Transport Fuel Obligation (RTFO) and Carbon Budgets
Slightly less inclusive to California’s LCFS policy, the UK RTFO began as an obligation in 2008 to require
petrol and diesel to contain a certain proportion of biofuels, which increased in percent by volume over
time; the legislation dictated 2.5% by volume of biofuels in 2008/9, 3.25% in 2009/10, 3.5% in
2010/11, and 4% in 2011/12, etc. However, the legislation was amended in 2011 to “include on
biofuels that meet the Renewable Energy Directive Carbon and Sustainability Criteria, excluding ILUC
(indirect land-use change) effects.” 67 After the RTFO legislation, the Renewable Fuels Agency (RFA)
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was established, in October of 2007. The RFA was given responsibility of monitoring the
implementation of the RTFO by obligated companies until April of 2011 when the UK Department of
Transport (DfT) seized operations.
Amendments in 2017 increased and lengthened the goals to include the following: (1) increase the
biofuel obligation level to 9.75% in 2020 and 12.4% in 2032, (2) adding targets for developmental
fuels at 0.1% in 2019 and 2.9% in 2032, (3) creating a crop cap at 4% for 2018, which reduces in
“equal increments annually from 2021” to 3% in 2026, and 2% in 2032.68 Simultaneously sustainability
requirements are imposed on the quality of biofuels based on the EU Renewable Energy Directive and
EU Fuel Quality Directive. They state that:
(1) “Biofuels must achieve at least a 35% GHG emissions savings up to 31 December 2016.
This threshold will rise to 50% from 1 January 2017;”
(2) “Biofuels may not be made from raw material obtained from land with high biodiversity
value in or after January 2008;” and
(3) “Biofuels may not be made from raw material obtained from land with high carbon stock,
such as forests or land that was undrained peatland, in January 2008 unless strict criteria are
met.”
A report published by the Department of Transit in 2016 identified biofuels as a key contributor
towards decreases in UK GHG emissions from transportation. They articulate how the Renewable
Transport Fuel Obligations (RTFO) scheme has been designed as a “market based mechanism to
ensure that fuel suppliers are incentivized to supply sustainable biofuels at the lowest cost possible and
to protect consumers from significant price rises.” Through this understanding, they predict that
“providing long term certainty to encourage investment in the most sustainable fuels, will spur declines
in the relative cost of biofuels over the period to 2030, potentially leading towards cost neutrality in the
long term.”69

3.4e.2. Zero Emission Vehicles (ZEV) or Low Emission Vehicles (LEV) Standards
Zero Emission Vehicles (ZEVs) refer to a vehicle that emits no exhaust gas from the onboard source of
power (CARB). As of March 2018, 11 states have some type of policy related to zero emission vehicles
(ZEVs) in place, including Connecticut, Maryland, Massachusetts, New Jersey, New York (LEV
standards), Oregon, Rhode Island, Utah (hydrogen fuel production incentives), Vermont, and
Washington (Low Emission Vehicle (LEV) Standards). However, of those, California is the only state
with a comprehensive ZEV mandate, which includes explicit language on the inclusion and
consideration of low income and disadvantage communities in ZEV implementation and advancement.
One key distinction of a ZEV mandate, in contrast to many other types of AFV policies, is the ability to
adopt solely through executive - governor - order. This may make a ZEV mandate potentially more
feasible from a political perspective than other types of policies or legislation.
California
California provides the oldest, and most comprehensive example of ZEV regulation implementation in
the United States. First adopted in 1990 as a component of California’s Low Emission Vehicle I (LEV I)
Standards, the ZEV program has been extensively amended. The explicit purpose of the program is to
decrease air emissions by the transportation sector. ZEV is one of the primary components of CARB’s
Advanced Clean Cars Program, which was established in 2012, in conjunction with the U.S. EPA, and
68
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the National Highway Traffic Safety Administration (NHTSA). Through the Advanced Clean Cars
program, California is attempting a 47 percent reduction in automotive greenhouse gas emissions
(principally CO2) by the end of the 2025 model year compared to 2015 levels. 70 Extrapolated to
emissions, estimates suggest that such a magnitude decrease of total tailpipe emissions “would be the
equivalent of taking 8 million of today's cars and trucks off the road.”71 Additionally, the requirements
will target smog-forming emissions from passenger cars and light trucks by 75 percent from 2016
levels, according to the state air board.
California’s Governor Brown issued Executive Order B-16-2012 on March 23, 2012 which directed
California to “encourage the development and success of zero-emission vehicles to protect the
environment, stimulate economic growth, and improve the quality of life in the State.”72 The Governor’s
Executive Order outlines targets for 1.5 million ZEVs on California’s roadways by 2025 and 5 million
ZEVs on the road by 2030. The Executive Order also sets a longer-term target of reducing
transportation-related greenhouse gas emission by 80 percent below 1990 levels by 2050”. 73 To follow
California’s efforts through time, the current 2017-'25 ZEV mandate is the sixth generation of a set of
rules “that were first laid down in 1990 as part of the state's original Low Emissions Vehicle law.” 74
An interagency group - the Governor’s Interagency Working Group on Zero-emission Vehicles - came
together to draft and ultimately adopt the ZEV Action Plan in 2013 and updated ZEV Action Plan in
2016. Groups explicitly given responsibility in the plan included: Governor’s Office, California Air and
Resources Board (CARB), California Public Utilities Commissions (CPUC), California DMV, California
Energy Commission (CEC), California Department of Food and Agriculture (CDFA), California
Transportation Department (Caltrans), CA Department of General Services (DGS), Governor’s Office of
Planning and Research (OPR), and CA Independent Systems Operator (CAISO).
In its most current form, the California ZEV standards are structured to encourage a shift towards
electric and fuel-cell vehicles. The program is administered through a credit system, whereby
manufacturers are required to meet ZEV quotas. Under the program, the following manufacturers are
subject to the ZEV requirements: BMW, Chrysler, Ford, General Motors, Honda, Hyundai, Kia, Mazda,
Mercedes, Nissan, Toyota, and Volkswagen.75 Automakers are required to accumulate a certain number
of credits each year and they can meet the requirement in two ways. One is to build the required
number of vehicles. If they can't or won't build as many as required, they can make up the difference
by purchasing excess credits from automakers that have exceeded their base requirement. For
example, Tesla Motors has been amassing ZEV credits for several years through the construction of
vehicles, and American Honda - who have less control over manufacturing - has been buying them to
offset its own ZEV production deficit.76
Credits for a vehicle are determined by the vehicle technology type (battery electric, fuel cell, and plugin hybrid electric vehicles) and the maximum range on a given recharge/fuel-up. More specifically,
long-range fuel cell and battery electric vehicles with 250-mile or greater range are eligible for over 3
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credits per vehicle, whereas plug-in hybrids with 10-20-mile electric ranges would only receive 0.5
credits per vehicle. The following table outlines the percent requirements for ZEVs by year. As
evidenced, the percentage starts at 4.5% in 2018, and ramps up to 22% by 2025. Translated to
number of estimates for California as a state are around 270,000 vehicles, including EVs, plug-in
hybrids, and fuel-cell electrics, while plug-in hybrids with extended all-electric range are expected to
comprise ⅔ of the total (or 180,000 vehicles). However, some estimates for ZEV regulation compliance
in California show higher expected penetration.
The following table outlines ZEV Percentage Requirements for California.
Model Years

Minimum ZEV
Requirement

Total ZEV Percent
Requirement

Minimum ZEV
Floor

TZEVs

2009 - 2011

11%

-

-

-

2012 - 2014

12%

-

-

-

2014 - 2017

14%

-

-

-

2018

-

4.5%

2.0%

2.5%

2019

-

7.0%

4.0%

3.0%

2020

-

9.5%

6.0%

3.5%

2021

-

12.0%

8.0%

4.0%

2022

-

14.5%

10.0%

4.5%

2023

-

17.0%

12.0%

5.0%

2024

-

19.5%

14.0%

55.%

2025

-

22.0%

16.0%

6.0%

Table 5. Details the ZEV percentage requirements by year, starting in 2009 and moving to 2025; methods for
calculating the percentage to which ZEV requirements are applied varies based on the model year. As of 2018,
through 2025, large-volume manufacturers (LVM) must produce an amount at least equal to the “minimum ZEV
floor” percentage requirement, but may fulfill the remaining requirements through Transitional Zero-Emission
Vehicles (TZEVs)77

To address manufacturers’ concerns about the legislation, California included a provision in the ZEV
Mandate to ease the burden on automakers called the “travel rule.” In layman's terms, this means that
during adoption of the policy, leniency is provided if states achieve their goals in states other than
California, so their clean vehicle credits “travel” from one state to another. This was largely due to
understanding that battery-charging and hydrogen-fueling infrastructure would and will continue to be
installed piecemeal, and not continuously across state jurisdictions with distinct lag in most states
compared to California. As a result, the plan initially permits automakers “travel” credit for cars sold in

77

Transport Policy, 2017
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California in a “proportional basis to the other ZEV states” until 2017.78 This made the transition more
palatable from a business perspective and decreased upfront costs to transition for automakers who
expressed significant concern that the mandate would not be translatable to business models across
state borders.
As of 2016, the passage of ZEV legislation in California has cumulatively resulted in “a total of over 5
million vehicles including over 1,300 fuel cell vehicles, 140,000 battery electric, 29,700 NEVs, 80,000
clean plug-in hybrids, 750,000 clean hybrids, and over 4 million clean gasoline vehicles” according to a
2018 California Air Resources Board report.79 However, it’s important to remember the aggregate value
of simultaneous and layered policies and legislation in California, which may skew the true adoption
numbers we are able to attribute to one policy. Instead, a more holistic statement - that the layered
approach of California public and private actions to encourage and incentivize AFVs has resulted in
such a high penetration – is likely more accurate. Yet the numbers prior to additional legislative action
on air quality and AFVs in still telling.
The following table depicts a steady decrease in ozone violation days per year from 1980 to 2007.
Year

Populatio
n (million)

Passenger
vehicles
(million)

New
registration
s (includes
all vehicle
types,
million)

Motor
vehicle
fuel
(billion
gallons)

VMT (1980
and 1990
figures are
interpolated
, billion)

Ozone violations
(Days above California
8 hr-maximum
standard, for South
Coast Air Resource
Basin)

1980

23.5

13.2

0.96

11.3

168

212

1990

29.6

16.8

1.44

13.4

235

192

2000

33.9

19.1

1.77

14.8

307

147

2007

37.6

22.1

1.68

15.7

328

127

Table 6. Provides an overview of the California profile from 1980 to 2007 for population, vehicle accumulation,
and decrease in ozone violation days per year from 1980 to 2007, which correlate to the adoption of clean fuel
legislation. | Source: California Census; Federal Highway Administration; California Department of Finance

A final, yet pivotal component of the California ZEV mandate comes in the form of updates and
monitoring conducted and reported by CARB. Because automakers are required to submit
documentation that they are meeting ZEV mandate regulatory standards - or credit balances - there is
ample data on ZEV penetration throughout the state. This documentation, packaged and reported by
CARB, is crucial in understanding the impacts of the legislation on state air quality and emission
reduction goals, as well as making a persuasive claim for other states to follow in California’s footsteps.
California has taken the state ZEV mandate to the next level through multi-state and international
collaborative efforts. The Multi-State ZEV Taskforce, California Fuel Cell Partnership, the California Plugin Electric Vehicle Collaborative, and the International ZEV Alliance all work to encourage collaboration
and coordination in achieving GHG emission reductions beyond state lines.
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Washington
As of 2018, Washington has not adopted California’s ZEV mandate. However, they do follow California’s
Low Emission Vehicle (LEV) program.80 The law in Washington thereby outlines that no vehicle, starting
with the model year 2009, may be “registered, leased, rented, licensed or sold” in Washington unless
in compliance with California emission standards. These emission standards - as outlined in the
California Code of Regulations81 - are the following for model year 2017 and onward:

CO2 Target Value

For vehicles with footprint
less than or equal to 41
square feet

For vehicles with footprint greater
than or equal to 56 square feet

Model Year

(grams/mile)

(grams/mile)

2017

195.0

263.0

2018

185.0

250.0

2019

175.0

238.0

2020

166.0

226.0

2021

157.0

215.0

2022

150.0

205.0

2023

143.0

196.0

2025

137.0

188.0

2025 and subsequent

131.0

179.0

Table 7. Provides an overview of the state of Washington target CO2 value by two-year interval periods for
vehicles based on the size of their footprint in grams per mile.

Further, for each model type, a manufacturer is required to calculate - using the Argonne National
Laboratory’s GREET model - an emissions factor under varying scenarios, such as city versus highway
mileage. The state additionally outlines GHG emission reduction goals, which interact with the LEV
program. These emissions limits were first codified through executive order, and later signed into law
that same year.82 The goals stipulate that the state of Washington must achieve the following:
(i) By 2020, reduce overall emissions of greenhouse gases in the state to 1990 levels;
(ii) By 2035, reduce overall emissions of greenhouse gases in the state to twenty-five percent below 1990
levels; and,
80

RCW 70.120A.010. WSR 12-24-033 (Order 11-01), § 173-423-050, filed 11/28/12, effective 12/29/12; WSR 0524-044, § 173-423-050, filed 11/30/05, effective 12/31/05
81
California Code of Regulations, Title 13, section 1961.1 and 1961.3.
82
Executive Order 07-02, 2007, Washington Climate Change Challenge,
http://www.governor.wa.gov/sites/default/files/exe_order/eo_07-02.pdf, (accessed 12/15/16).
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(iii) By 2050, the state will do its part to reach global climate stabilization levels by reducing overall
emissions to fifty percent below 1990 levels, or seventy percent below the state's expected emissions
that year.83

This legislation received support largely due to the disproportionately large percentage of the emissions
portfolio for which transportation is responsible. As noted in a State of Washington, Department of
Ecology report (2014), “transportation emissions have dominated Washington’s emission profile,
making up 43 percent of total statewide greenhouse gas emissions in 2013.”
After LEV adoption in 2006, the number of plug-in electric vehicles in Washington rose dramatically.
Between 2010 and 2016, the Washington Office of Sustainability and Environment reported an
additional 22,080 PHEVs registered. Of these PHEVs, approximately 22% were located in and around
Seattle Washington.84 While 20,000 vehicles may seem like a small proportion of the state, this was a
dramatic shift from 2010, when the state of Washington reported only 20 PHEVs registered - six of
which were located in Seattle.

3.3f. Education or Outreach

While Education and Outreach were not explicitly outlined in the AFDC policy umbrellas, their role in
advancing and contributing to increased EV adoption is undeniable. Emerging technologies like electric
vehicles require widespread awareness and understanding to successfully transform traditional
markets.
In 2015, the Consumer Federation of America found that greater consumer knowledge about EVs
directly correlates with consumer demand.85 Education and outreach activities are even more critical
when discussing passenger vehicles because reliable transportation is tied to economic and social
opportunity. Studies have shown less than half of consumers in the US can name a PHEV make and
model. Even California, with the highest EV saturation in the United States only 35% of consumers
were aware of the incentives for purchasing EV’s. State agencies around the country have been
working to provide information to consumers on EV’s and increase their confidence in the market.
Another vital - and sometimes prerequisite - component of education and outreach are partnerships.
Finding commonalities between stakeholder groups and organizations to not only increase efficacy of
outreach and education, but also promote and maximize knowledge sharing and insight.
In Minnesota, Drive Electric Minnesota (DEMN) is a fantastic example of this type of effort. Built on
inter-agency, and inter-stakeholder awareness of a need for education and outreach on electric
vehicles, as well as enhanced cooperation and communication between stakeholder groups working
intimately in alternative fuel vehicles, the organization has been intimately involved with the steps that
Minnesota has taken towards a clean energy, electric future. However, there is additional opportunity
83

Engrossed Second Substitute House Bill 2815, Chapter 14, Laws of 2008. Codified in RCW 70.235.020
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85
2017 DRIVE CLEAN SEATTLE Implementation Strategy Report, Washington Office of Sustainability and
Environment, June 2017,
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for DEMN to encompass novel types of partnerships, potentially outside of the electric arena.
Additionally, there may be gaps statewide in addressing education and outreach with regards to
alternative fuels more broadly - particularly the hydrogen fuel cell.
The following section outlines additional examples of strategic partnerships.

3.3f.1. Strategic Partnerships
United Kingdom Low Carbon Vehicle Partnership (LCVP)
The LowCVP took shape in 2003 as “a public-private partnership that exists to accelerate a sustainable
shift to lower carbon vehicles and fuels and create opportunities for UK business” in the UK. To date,
200 organizations are involved in LowCVP, all from very diverse backgrounds. In contrast to Drive
Electric Minnesota (DEMN), which has a strong electric vehicle focus, LowCVP is an inclusive
organization that works around and within all AFVs, understanding that collaboration and information
sharing is key to promotion and advancement of policy, research, and understanding that contributes
to a cleaner transportation sector. 86
This shows that, although seemingly removed from EVs, RTFO policy is pertinent to electrification in
Minnesota’s transport sector. Minnesota’s existing biofuel infrastructure and legislation is the perfect
vantage point to pivot towards a sustainable and GHG efficient transition, as the state progresses
towards advanced transportation electrification. As self-described, the LowCVP is a public-private
partnership, whose mission is to “accelerate a sustainable shift to lower carbon vehicles and fuels and
create opportunities for UK business.”
Canada’s Low Carbon Partnership
The Low Carbon Partnership is a business network for Low Carbon Canadian Communities. The
organization works in three primary capacities: (1) identify low-hanging fruit, (2) connect people and
ideas, and (3) inspire and inform action. This example is unique from California and the UK in that the
partnership is not created to serve carbon in the transportation sector specifically. Partnering with The
Natural Step, Sustainability CoLab, Climate Smart Business, and QUEST (Quality Urban Energy Systems
of Tomorrow), the organization recognizes that “rather than working in silos” there is benefit to
“thinking and acting on ways that [Canadians] can work together to reduce GHG emissions sooner at
an even greater scale. Climate Smart Business, for example, works with transportation hubs,
governments, and corporate host-partners to “train up...businesses to reduce their carbon footprint
while cutting costs.”87
The benefit of looking at organizations and collaborative agencies like Canada’s LCP is in finding
examples of energizing GHG reductions and decreasing GHG emissions across sectors and through
unique collaboration and innovative cooperation.
California
Collaborative Efforts: California has acknowledged the crucial role of collaboration and cooperation
in advancing their GHG emission reduction goals, as well as their ZEV penetration goals. They have
pursued relationships with agencies and organizations in-state, out-state, and internationally. The
86
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Low Carbon Vehicle Partnership program website, 2018. https://www.lowcvp.org.uk/
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following multi-state collaboration, and international coordination summarize the efforts of California to
engage and work together to activate interest groups and stakeholders and achieve mutually beneficial
outcomes.
Multi-State Collaboration: In 2013, Governor Brown, along with governors of seven other states,
signed a multi-state ZEV Memorandum of Understanding (MOU). The MOU commits the states to
program coordination to deploy at least 3.3 million ZEVs in these states by 2025. This MOU was
followed in May 2014 by a Multi-State ZEV Action Plan, which outlined 11 key actions to work towards
the 3.3 million ZEV goal. States, automakers and other stakeholders are now actively working to
implement the plan.88
International Coordination: In 2015, California led the founding of the International ZEV Alliance, a
collaboration of countries and subnational governments to accelerate the global development of ZEVs.
The 14 participant jurisdictions in the ZEV Alliance are working together to share best practices for
incentives, utility programs and consumer outreach. In December 2015 at the United Nations Climate
Change negotiations, the Administration joined 12 countries, states and provinces announcing that it
would strive to make all passenger vehicle sales ZEVs as quickly as possible, and no later than 2050. 89

3.3f.2. Additional Approaches
California
Equity Pilots: Advancing Light-Duty Vehicle Pilot Projects for Lower-Income Consumers and
Disadvantaged Communities: “Since 2014, the California Air Resources Board has dedicated $19 million
to four light-duty vehicle pilot projects aimed at increasing the use of advanced technology light-duty
vehicles to benefit lower-income consumers and disadvantaged communities. These projects include
vehicle retirement and replacement programs in the San Joaquin Valley and South Coast air districts,
car sharing and mobility options projects in Los Angeles and Sacramento, increased incentives for
disadvantaged community public fleets statewide, and a financing assistance project in the San
Francisco Bay Area.”90
Washington
Customer Awareness Campaign: In the 2015-2020 EV action plan Washington State proposed
starting a Next Vehicle pledge featuring local business and community leaders signing a pledge that
their next vehicle will be electric. Branded and marketed correctly this pledge campaign could increase
consumer awareness of EV technology. 91
Multi-State Collaboration: Washington state is a member of the Pacific Coast Collaborative. The
Pacific Coast Collaborative is made up of Washington, Oregon, California and Canadian province British
Columbia. The purpose of this group is to reduce GHG emissions and grow the regional economy.
Washington is also part of the West Coast Electric Highway Coalition which focuses on ensuring
adequate DC fast chargers are available on high-traffic tourist corridors along the coast.
88
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Public-Private Partnerships: Securing financing for the future of EV programs is important to
Washington. The state has been successful in allocating money toward pilots and outreach but they are
also relying on partnerships to increase funding and build the market. The infrastructure grant program
operated by the Washington Department of Transportation received $1.5 million of fund matching from
local governments and business partners. This more than doubled the funding available for the pilot. 92
Additionally programs and projects that engage multiple sectors are given priority as they help advance
partnership goals set in the EV Action Plan.
Colorado
Customer Awareness Campaign: Colorado learned lessons from early adopters on the west coast
and created an Electric Vehicle Plan that was just released in January 2018. This plan outlines longterm strategies and goals as well as plans for short-term opportunities like the Volkswagen
settlement.93
Multi-State Collaboration: In October of 2017, the governors of eight Western states, including
Colorado, signed the Regional Electric Vehicle West memorandum of understanding (REV West MOU).
The REV West MOU creates a framework for collaboration in developing an Intermountain West Electric
Corridor. The group agreed to prioritize charging along the Interstate 70, 76, and 25 corridors.
Partnerships: Colorado has launched several unique partnerships. In 2013 Refuel Colorado was
launched. State AFV ‘coaches’ are sent to public and private partners to educate them on electrifying
fleet vehicles. Coaches help partners understand the costs and benefits of AFV deployment and help
them overcome individual organizational challenges.
In 2015 the Colorado Electric Vehicle Coalition (CEVC), a statewide group of EV stakeholders
committed to accelerating EV adoption, was created. This coalition is led by CEO and works to improve
statewide coordination and information sharing around AFV’s. The Coalition consists of many
stakeholders including researchers, automobile dealers and manufacturers, state agencies, local
governments, nonprofit organizations, utilities, and other stakeholders. 94
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4. Stakeholder Analysis

There are several organizations, businesses, state agencies, and entities that have both a stake and an
interest in policy, research, and developments related to electric vehicles. To understand the views and
work of stakeholders affecting the policy field of EV’s, a two-pronged stakeholder analysis was
completed. First, the relative power and interest of different entities affecting EV adoption in Minnesota
was mapped. Second, qualitative interviews were completed with several stakeholders to work to
understand their unique role in the realm of electric vehicles, and to try to uncover any ideas and
insights that may exist but are not being communicated across silos.
Mapping Power and Interest
To understand any complex issue, it is critical to understand who is working on that issue, and who is
being affected. The purpose of mapping the power and interest of stakeholders adds value in several
ways. It sheds light on the different interests of stakeholders involved; how those interests might be
satisfied; opportunities for coalition-building or partnerships; as well as how to relate to different
entities.95 The figure below is taken from academic research on stakeholder analysis, and categorizes
stakeholders based on relative power and interest, and suggests methods to interact with those
organizations.

Figure 8. Power versus Interest Grid. Figure is a two-by-grid, with “Power” increasing along the bottom, and
interest increasing along the left side of the table. The bottom left hand square which represents low power and
low interest stakeholders says, “Crowd: Inform.” The top right-hand corner, which represents low power high
interest stakeholders says, “Subjects: Involve.” The top right corner, which represents high power high interest
stakeholders says, “Players: Collaborate.” The bottom right corner, which represents high power low interest
stakeholders says, “Context Setters: Consult.”(Source: https://www.romanpichler.com/blog/stakeholderengagement-analysis-power-interest-grid/)
95

Bryson, J.M. (2004). What to do when stakeholders matter. Public Management Review, 6(1).
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Power versus Interest

Figure 9 and 10. Depicts an x-y coordinate, with a scale of zero to ten on both axes. The
vertical axis represents the interest of stakeholder in increasing electric vehicle adoption, the
horizontal axis represents their power in influencing electric vehicle adoption in Minnesota. In
the bottom left corner there are no stakeholders represented. In the bottom right corner
Federal Agencies and Congress are plotted. In the upper left corner, the following
stakeholders are plotted, moving left to right: high pollution communities; ratepayers; EV
owners; nonprofits; charging infrastructure hosts; state agencies; and EV manufacturers. In
the upper right-hand corner, moving left to right there is: city and county governments;
future EV owners; property developers; biofuel lobby; co-ops; municipalities; oil lobby;
governor; investor-owned utilities; Public Utilities Commission; and MN Legislature. Figure 10
is the legend, showing the different organization types, based on shape, and whether the
stakeholder is in favor or oppositional to increased EV adoption, based on color.
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Using this method, stakeholders were plotted on the figure above to provide a visualization and
opportunity for analysis. Note that these stakeholders are entities who have an impact on EV adoption,
rather than stakeholders as they relate to the MPCA. There are a few noteworthy points worth drawing
attention to. The PUC’s and IOU’s hold the highest amount of both power and interest in EV adoption,
as the PUC direct the IOU’s, and the IOU’s have much to gain from a more versatile grid and a
potential for increased electricity demand. The biofuels lobby is also high-powered and has a large
stake in EV adoption; this entity’s support is dependent on whether a Low Carbon Fuel Standard is
adopted in which biofuels will be included, or not. Future EV owners are represented in the “Player”
category as well, as they have a high interest in finding a vehicle that best meets their needs, as well
as power--on aggregate--of increasing adoption, as these are the people that will be driving demand.
Furthermore, city and county governments also fall into the “Player” category. Municipal level
governments may be interested in EV adoption to meet climate change commitment goals, as well as
increased air quality which can lead to increased property values. There may be an opportunity for the
MPCA to engage with these stakeholders to pursue shared goals. High Pollution communities are
represented in the upper left corner, as these communities have the most to gain from electrification of
the transportation sector, but have the least political power to impact EV adoption. As such, it is
important to involve high pollution communities when possible, and work to move them into an area of
more influence.
Qualitative Interviews
Interviews were conducted to gain an understanding of existing roles within the state related to EV
adoption, as well as to try to glean new insights through conversations. Interviews were conducted
with individuals and organizations including: nonprofits, legislators, Public Utility Commissioners, PUC
Staff, electric vehicle owners, voices of environmental justice, MN state agencies, academics, and
potential EV owners.
Questions varied depending on the stakeholder interviewed, but generally, questions asked were:
● What type of work are you/your organization doing related to EV’s?
● What are the major barriers and opportunities the state faces within your line of work?
● Do you have any concerns or ideas related to EV expansion in Minnesota?
Policy Makers
Minnesota legislators hold an immense amount of power to influence the Public Utilities Commission,
and to create incentives or disincentives for electric vehicles. Two legislators from the MN House of
Representatives, from different parties, participated in the interviews.
In one legislator’s view, market forces will do the job of supporting EV expansion, and public policy is
not needed for this purpose. Even though the long-term cost of EV’s is now lower than an equivalent
ICE vehicle, it is difficult for people to understand that. However, as soon as a customer can go to buy
a new car, and the salesperson can show you two cars that cost the same amount--one an ICE vehicle
with much greater long-term costs, and one an EV--he predicts, “we will see an explosion of electric
vehicles.” He predicts that Minnesota, as a cold-weather state, will be a couple years behind in terms of
EV rates of adoption, but sees that as a benefit to the state and an opportunity to improve on the
experiences of other states.
Rather than promoting EV adoption, this representative sees the role public policy should play in three
areas: promoting public charging infrastructure for long trips; creating rate structures that promote off49

peak charging; and education and outreach. Since the vast majority of charging vehicles is done at
home, he sees charging infrastructure at businesses as more of a marketing tool than anything else,
but where there is a real gap and need in charging infrastructure to support long-distance trips.
Regarding the potential revenue gap caused by the reduction of the Motor Fuel Tax, this policymaker
noted that it is a good problem to have, as it means less pollution for the state. He also remarked that
humans tend to wait until an issue becomes a real problem before addressing it. “The gas tax is the
workhorse of how we fund our roads, and it is a question of whether it will be an existing tax or an
additional tax.”
A representative from the opposing party supports tax rebates as a way to promote electric vehicles,
but does not view them as politically viable, as tax-related policymakers tend to resist these types of
policies. She views corporations switching over their fleets to electric vehicles as a huge opportunity
area, as well as employers installing infrastructure to support EV adoption.
Looking ahead, she noted that it will be important to come up with a fair way for EV-owners to pay a
user fee for road maintenance, since they will not be paying a motor fuel tax. She also noted that this
is not currently an issue, since the price tag of EV’s is still significantly higher than ICE vehicles, and the
Motor Vehicle Sales Tax ends up being higher for EV’s, and this tax is also dedicated to the Highway
Fund.
This member laid out three options for making up for the Motor Fuel Tax in the future. One option is a
pay-by-the-mile fee for EV owners. This would be charged on the annual tab renewal, and would be
based on an odometer reading. Another option includes charging a higher flat fee for vehicle
registration, which is currently $75 for EV owners. Adding a charge on owners’ monthly electric bill is
another way to recover user fees.
Conclusions
● Leaders within both parties are in support of electric vehicles, and recognize associated public
health benefits of EV expansion.
●

Although there are differences in views that the role public policy should take in promoting EV’s,
there may be overlap in support of education and outreach; public funding of strategically
placed DC fast-chargers to support longer trips; and policy that incentivizes off-peak charging.

●

The Motor Fuel Tax revenue gap will eventually need to be addressed, but is not a current
concern. Multiple paths exist for recovering this revenue stream.

Electric Vehicle Owners
The Electric Vehicle Owners’ group in Minnesota is a robust, energetic, and organized group of citizens
who volunteer their time to promote EV’s. These individuals experience the effects of policy, rate
structures, and EV-designed utility programs firsthand. They show up to events such as the Auto Show
to talk with the public about owning an EV, and at “Ride and Drive” events, where they frequently offer
strangers rides in their cars.
One EV owner expressed frustration about some of the conversations related to charging
infrastructure, and thinks that some voices are being left out. She shares her EV among her family,
including her teenage kids; the vehicle tends to get more usage and mileage during the day than those
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who simply drive their EV to and from work, and therefore requires more frequent charging. To be
inclusive of the needs of families, therefore, more charging infrastructure is needed around the
metropolitan area, not just at workplaces or in people’s home.
The EV Owners’ Group has a great deal of insight and expertise about EV’s. They navigate the daily ins
and outs of choosing when to charge, deciding whether to opt into utility-offered programs related to
EV’s, competing for workplace charging parking spots, and navigating how and if they will travel longdistance with their electric vehicle. They have strong opinions about utility proposals and pilots related
to EV’s. When asked if the group was being fully engaged, the response was that they already
participate in 80 events per year, and there is not much capacity to do more. Additionally, they serve
as EV ambassadors, fielding questions from those they interact with in their daily lives and sharing
excitement for the technology.
Electric Vehicle Owners: Conclusions
● EV owners’ have firsthand experience and insight that can be formally engaged with by utilities
in designing rate programs and pilot programs.
●

EV owners may be engaged with by the agencies to design education and outreach programs,
as they have a depth of experience engaging in outreach activities as well as a pulse on the
common misconceptions around EV’s.

●

Currently, men drive EV’s at a significantly higher rate than women96. Demographically, the
usage habits of current EV owners may not be a fully accurate representation of driving habits
of EV owners as they become more widely adopted, and this should be taken into consideration
when engaging with current EV owners.

●

The MPCA can take advantage of EV owners to spread a message, as these individuals serve as
ambassadors for the technology.

Potential EV Owners
One couple the group spoke with lives in Southwest Minneapolis and identify as environmentalists; they
are willing to pay more and go out of their way for products that benefit the environment. They own a
Prius, and consider the environmental impacts of purchases. However, before the conversation, they
knew very little about electric vehicles. They expressed frustration and surprise to learn about the
unequivocal environmental benefits of EV’s, and as upper-middle class environmentalists, viewed
themselves as the target demographic for EV’s, yet had very limited exposure to EV-related
information.
Potential EV Owners: Conclusions
● Education and outreach has not yet reached populations who may have the most significant
response to that information, and therefore there is great potential in these efforts.
●

96

Individuals who identify as environmentalists may have a strong response to education and
outreach, and may be a group to prioritize.

California PHEV Owners’ Survey, California Center for Sustainable Energy: 2012.
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Voices of Environmental Justice
The communities who have the most to gain from reduced emissions related to diesel combustion tend
to be low income communities and communities of color, where NOx and SOx emissions tend to be
highest. As such, these communities have a major stake in EV expansion. However, depending on how
this expansion is supported, it may have unintended consequences for these communities.
According to one expert interviewed, “Displacement is on the tip of the tongues of communities of
color and those interested in environmental justice.” As more people move to city centers and property,
rent, and cost of living increases, demographics in the Twin Cities are shifting, and low-income folks
are being pushed to the suburbs. There is a concern that supporting EV expansion in low income
neighborhoods through public charging infrastructure may further catalyze gentrification. If the state is
going to support the expansion of public charging infrastructure, “let’s be aware of impacts of
displacement,” one interviewee said. “It is not that we hate EV’s, but who is it for?”
Another voice for environmental justice was concerned about the energy mix that provides EV’s with
their power. If electric vehicles are being charged on coal plants and nuclear energy, as they are in the
Twin Cities area, she could not support electric vehicle expansion. This view was shared by a
stakeholder from the Minnesota Soybean Growers Association, and is likely a concern among many
other environmentalist citizens.
Voices of Environmental Justice: Conclusions
● To have the most benefit to EJ communities, electrifying diesel fleets, industry, and buses
should be prioritized in the short run, rather than installing public infrastructure in low income
communities. These businesses may be targeted for pilot programs or grant programs to
electrify their fleets.
●

Public charging infrastructure may have unintended impacts of displacement and gentrification.
Consulting planning professionals who understand the forces of gentrification in this process
may help mitigate these effects.

●

The balance that must be sought lies in not contributing to gentrification, but not excluding
these same communities from the benefits of EV’s, especially when the cost comes down to be
more equivalent with ICE’s, and the lifecycle costs of EV’s are unequivocally lower.

●

Pursuing charging infrastructure requirements in multi-family housing may provide a more
discreet way to increase access to EV charging, but decreasing the likelihood of inviting more
affluent residents to the community. Delaying these requirements to coincide with an
anticipated price reduction in EV’s may also have fewer impacts on gentrification, by providing
residents of the community with charging infrastructure, but not before there is a demand for it
from within the community.

●

Expansion of EV’s should be pursued in tandem with continued expansion of renewable energy
to ensure maximum benefits of increased electrification of our transportation system.

●

EV parking spaces should not encroach on or compete with ADA parking spaces.
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Academics
A view shared among some experts we spoke to found that policymakers have the power to meddle in
the process of EV adoption, and should provide only broad direction to the PUC and investor-owned
utilities. Although the legislature is responsible for directing the Public Utilities Commission,
policymakers are not experts in the regulatory process. There are regulatory discussions related to
charging infrastructure owning and operating that occurs through regulatory processes. This clarifying
process has occurred in other states, but has yet to take place in Minnesota. Among regulatory experts
interviewed, there was consensus that the state legislature should give general direction to the PUC,
but should refrain from passing laws that dive too far down in the PUC regulatory processes, such as
mandating rate structures. In their opinion, the legislature should show deference to the Commission
to work through the challenges and opportunities that increased adoption of EV’s will bring to
Minnesota.
Other Conclusions
●

●

●

●

●

●

Robust Network: There are countless professionals, individuals, agencies, and organizations
affecting EV policy and information sharing. Every individual interviewed recommend several
people to follow up with. This is a huge asset in the state of Minnesota, and may be an
indicator of more rapid EV adoption in the near future.
EV/Biofuel Coalition: There may be an opportunity for biofuel stakeholders and EV
supporters to come together around a Low-Carbon Emissions Vehicle or a Zero-Carbon
Emissions Vehicle standard in Minnesota. This coalition has the potential to be a powerful voice
for ZEV/LCFS policies, as the biofuels and agriculture sector enjoy deep and broad support from
Minnesota legislators and citizens. Furthermore, recent national tariffs are expected to decrease
the price of corn; corn growers may see ZEV/LEZ standards as a way to increase their market
share of fuels.
Value in Stakeholder Gathering: At the EV workshop hosted by the MPUC, a refrain shared
by several presenters was the value of gathering in the same room and sharing expertise. In
this phase of early adoption, in which the rate of adoption may be affected through a variety of
efforts, it is beneficial for professionals from utilities, state agencies, and local and national nonprofits to gather and share information and ideas.
Considering Unintended Gentrification: As discussed, installing charging infrastructure in
areas sensitive to gentrification may exacerbate its effects. Consulting with community
members as well as academics during the planning process may help mitigate this unintended
impact.
EV Misconceptions Persist: The public is still unfamiliar with the technology, and many do
not understand their unequivocal carbon emissions benefits, or think they have slow pickup.
Educational outreach and information campaigns can be utilized to directly address common EV
misconceptions.
Conversation Gaining Momentum: As the sales of EV’s continue to grow rapidly, the
attention and discourse around EV’s also seems to be expanding. One stakeholder commented
that this year the robustness of the conversations around EV’s is unprecedented. This may be
an indication that a policy window is opening, and the opportunity to pass EV-friendly policies
may be approaching. As experts on the subject, MPCA is poised to weigh in on policy
development.
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5. Applying Policy Lessons in Minnesota
Once identified, to evaluate the potential impact of a policy examined, a matrix of three adoption tiers
is provided for each policy, which is communicated in the following format:

2018 to 2024

Adoption
Scenario:

2024 to 2032

Expected
EV
Outcomes
(# of EVs
on the
road or %
of new EV
sales)

Annual GHG
emission
savings (tons
CO2 per
year)

Aggregate
GHG
emission
savings
(tonnes CO2)
for time
period 2018
to 2024

Expected
EV
Outcomes
(# of EVs
on the
road
or % of
new EV
sales)

Annual GHG
emission
savings
(tons CO2
per year)

Aggregate
GHG
emission
savings
(tonnes
CO2) for
time period
2024 to
2032

Low

Estimate
dependent
on specific
policy

Low Expected
EV outcomes *
318.3 g/mi
saved per EV
*10,500
annual VMT

Low Expected
EV outcomes *
318.3 g/mi
saved per EV
*10,500
annual VMT*6
years

Estimate
dependent
on specific
policy

Low Expected
EV outcomes
* 361.8 g/mi
saved per E
*10,500
annual VMT

Low Expected
EV outcomes
* 361.8 g/mi
saved per E
*10,500
annual
VMT*6 years

Medium

Estimate
dependent
on specific
policy

Medium
Expected EV
outcomes *
318.3 g/mi
saved per EV
*10,500
annual VMT

Medium
Expected EV
outcomes *
318.3 g/mi
saved per EV
*10,500
annual VMT*6
years

Estimate
dependent
on specific
policy

Medium
Expected EV
outcomes *
361.8 g/mi
saved per EV
*10,500
annual VMT

Medium
Expected EV
outcomes *
361.8 g/mi
saved per EV
*10,500
annual
VMT*6 years

High

Estimate
dependent
on specific
policy

High Expected
EV outcomes *
318.3 g/mi
saved per EV
*10,500
annual VMT

High Expected
EV outcomes *
318.3 g/mi
saved per EV
*10,500
annual VMT*6
years

Estimate
dependent
on specific
policy

High
Expected EV
outcomes *
361.8 g/mi
saved per EV
*10,500
annual VMT

High
Expected EV
outcomes *
361.8 g/mi
saved per EV
*10,500
annual
VMT*6 years

Success
Levels

Table 8. Depicts the matrix used to assess policy options across a common metric using number of EVs on the
road as outcome, and forecasting that both across three success levels – low, medium, and high – and by
converting number of EVs on the road into grams per mile emissions savings value, which is conveyed both
annually, and as an aggregate over two, six-year static time intervals.
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The matrix outlines three tiers of hypothetical adoption scenarios based on each policy analyzed, using
examples from other, similar programs, or corollary information to forecast a low, medium, and high
rate of EV adoption. The first component of analysis is a predicted EV penetration for each rate of
adoption, given as the number of electric vehicles on the road. This number was largely gathered from
programmatic data on similar policies in other states, or through evaluation of relevant context or
information on Minnesotans. Further explanation is provided within the analysis of each policy.
The second component of evaluation is the expected GHG emission savings under each adoption
scenario. For each forecasted tier, a value is provided for the expected amount of GHG emission
reductions (as tons CO2 per year). This value was calculated while operating under the assumption
that the addition of one electric vehicle on the road is equivalent to the decrease in one ICE vehicle on
the road. This expected GHG savings is derived from Argonne National Laboratory’s GREET Lifecycle
Model (Argonne National Laboratory, 2017). This was then calculated by the Vehicle Miles Traveled
(VMT) for the average vehicle registered in Minnesota - estimated at 10,693 miles in 2014, a value
which is likely conservative as of 2018 (U.S Federal Highway Administration 2014), and which was
rounded to 10,500 for calculations in our policy analysis. It’s worth noting that forecasts put out by the
Federal Highway Administration97 for VMT under varying economic conditions are as follows:

Vehicle Class

Compound Annual Growth Rates
Low Economic Growth
Baseline Economic
Outlook
Growth Outlook
2015 – 2035
(20 year)

2015 – 2045
(30 year)

2015 – 2035
(20 year)

2015 – 2045
(30 year)

High Economic
Growth Outlook

2015 – 2035
(20 year)

2015 – 2045
(30 year)

Light-Duty
0.89%
0.61%
1.01%
0.71%
1.12%
0.78%
Vehicles
Single-Unit
1.43%
1.24%
1.72%
1.50%
1.98%
1.77%
Trucks
Combination
1.04%
1.05%
1.46%
1.45%
1.74%
1.79%
Trucks
Total
0.92%
0.66%
1.07%
0.78%
1.19%
0.89%
Table 9. Depicts the Compound Annual Growth Rates by Vehicle Class for three different economic growth
outlooks – low, medium, and high. These values are conveyed for light-duty vehicles, single-unit trucks,
combination trucks, and as an aggregate. The time intervals are 2015 to 2035 and 2015 to 2045 for each growth
outlook.
Under a baseline economic growth outlook, the U.S. expects to see an increase in annual VMT by
0.71%. While this would affect the GHG emissions savings projected, the estimate of static VMT used
to aggregate GHG savings was already conservative, so these variations are effectively neutralized by
the slight increase in VMT.
The GREET Lifecycle Model utilizes an exhaustive aggregate of peer-reviewed science on GHG
emissions to generate a set of scenarios and inputs which calculate well-to-wheel carbon intensity for
different types of vehicles. One portion of the model’s output provides a grams of CO2 equivalent per
mile, using standard IPCC protocol for computing CO2 equivalent for criteria pollutants. The model
accounts for two types of emissions - upstream, which include the feedstock and fuel production, and
downstream, which is vehicle operation. This is noteworthy because electric vehicles have zero tailpipe
97
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- or downstream - emissions. To obtain a multiplier for the analysis in this report, the GREET model
was adjusted slightly to better reflect the Minnesota electric grid mix, but used all other default GREET
assumptions.
To ascribe the Minnesota electric grid mix, the electric mix for Xcel was used, as Xcel territory covers a
sizeable portion of Minnesota, and represents a disproportionately large portion of the Minnesota
population; it covers most of the Twin Cities metro area, and many large urban areas across the state.
The Xcel energy portfolio forecast assumes the following for Minnesota: 98
Fuel

2018

2020

2022

2024

2026

2028

2030

2032

Residual Oil

0%

0%

0%

0%

0%

0%

0%

0%

Natural Gas

8%

6%

6%

10%

12%

19%

22%

33%

Coal

33%

31%

28%

23%

22%

15%

15%

15%

Nuclear

31%

29%

29%

30%

29%

29%

28%

18%

Biomass

3%

3%

3%

2%

2%

1%

0%

0%

Other
(renewables)

25%

31%

34%

35%

35%

36%

35%

34%

Table 10. Describes the Xcel Energy grid mix for the period 2018 to 2032 at two-year intervals for the following
energy mixes: residual oil, natural gas, coal, nuclear, biomass, and other (including renewables). Each of these
inputs were given a lifecycle assessment value used to calculate the GHG emission savings for each ICE to EV
conversion on the road.

Understanding how the grid is expected to change over time is valuable in understanding what an
electric vehicle on the road will mean for emissions savings over the lifetime of the vehicle. Looking at
Xcel’s energy portfolio forecast helps decipher these emissions scenarios as the electric system evolves.
Looking at the change from 2018 to 2032, there is an increase in natural gas - which peaks at 33% along with an increase in renewables - which includes hydro, solar, and wind. We see a tapering of
biomass, a decline in nuclear, and a sizeable decline in coal (from 33% to 15%). Visually this appears
as the following:
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Figure 11. Shows the relative proportion of Xcel’s generation mix from 2018 to 2032 based on their two-year
interval forecasts. This was used as an input in the GREET model.

One additional change was made to the model to better reflect oil refineries in the state and the
proportion of crude oil originating from tar sands. The EIA estimate for petroleum uses 10% derived
from tar sand. A report put out in 2016 by the Minnesota House of Representatives Research
Department revealed that 70.85% of petroleum in Minnesota that go through Minnesota’s two
refineries - Flint Hills and St. Paul Park - comes from Canada. This proportion is valuable to represent
the proportion of tar sands being refined in Minnesota, which significantly changes the emissions
output of the refining processes. The value used - 70.85% - is a static estimate which does not reflect
any planned expansion at Flint Hills.
Finally, the assumption was made that all ICEs replaced by an EV in the analysis are equivalent to the
emissions rating for a standard injection internal combustion engine - while variation in SIDI and CIDI
emissions may exist, the variation would be negligent (relative to the difference between SI ICE and
BEV) and therefore these variations were not incorporated and al non-EVs on the road were treated as
SI ICE vehicles. Once these user-defined inputs were made to better reflect Minnesota, the following
emission values were defined the difference between these two values for each year, averaged over
two static time periods: 2018 to 2024 (318.3 g/mi saved per EV) and 2026 to 2032 (361.8 g/mi saved
per EV) was then used as the multipliers in the matrix described above to show GHG savings per EV
adoption scenario, using a conversion rate of 453.592 per pound, and 2,000 pounds to one ton. These
savings are depicted in Table 11.
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Year

2018

2020

2022

2024

2026

2028

2030

2032

GHG (grams of CO2 equivalent per mile) in emissions
ICE

466.5

465.4

464.3

463.2

463.2

461.8

462.3

464.2

EV

140.9

129.7

118.3

106.4

106.2

92.2

97.4

117.2

GHG Savings per
EV on the Road
per mile traveled

303.7

313.2

323.0

333.4

433.9

346.1

341.7

325.3

Table 11. Depicts the GHG emission savings calculated as grams per mile of CO2 equivalent saved when an ICE is
removed from the road and replaced by an EV, where VMT is constant, and the energy mix is constant. As
expected, as the energy mix becomes greener, the amount of savings per mile increases.

It is also important to note that Xcel’s energy mix was used, as opposed to the aggregate or average
IOU/Muni/Co-op portfolio, or MISO’s portfolio and projections. To understand how this scenario varies
from the alternative energy mixes - MISO forecasts were used to model how the Xcel forecasts fall in
the context of potential Midwestern energy portfolios. Additionally, analysis was conducted based on
the bipartisan legislation proposed in Minnesota which would ramp clean energy goals up to 50%
renewables by 2030 For MISO forecasts and the savings variants calculated, as well as additional
breakdown of this holistic analysis and explanation of the energy grid mix(es), see Appendix B.
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The following sections will apply this methodology to each of the policy categories discussed and make
projections on the relative efficacy of each - measured in GHG emission reductions - for Minnesota.

5.1. Exemptions - HOV Lanes

In Minnesota, HOV lanes are more realistic in the metro area than elsewhere. However, due to
necessary congestion, HOV lanes are applicable for adoption almost exclusively in the metro region
where traffic incentives to purchase HOV lane access makes sense to consumers. As a result of the
limited geographic scope of any HOV lane exemptions, complimentary service by charging
infrastructure for EVs is not a concern as the Twin Cities metro has more comprehensive charging
infrastructure than other parts of the state.
As of 2018, the Minnesota Department of Transportation has already adopted and implemented a HOV
lane program called MnPASS. The existing infrastructure surrounding MnPASS provides easy context
through which to reward PHEV/HEV owners while using highways. MnPASS currently charges $40.00
for a switchable tag, and $25.00 for a sticker tag. Vehicles with this pass are typically charged between
$1.00 and $4.00 during rush hour, but as high as $8.00 in extreme congestion. Price fluctuations are
based on traffic density, monitored at three-minute intervals by electric sensors. The Minnesota
Department of Transportation (MnDOT) calculates the At present, MnPASS is available for use on I394, I-35W, I-35E, and I-94, with future lane expansions planned (see Figure X). Figures from 2013
illustrate the relative density of users on existing MnPASS lanes: there were 12,800 account holders
using MnPass on I-394 between Minneapolis and the western suburbs, 9,217 account holders on I-35W
going north.99 Additionally, reports by MnDOT in that same year indicated that tolls on MnPass lanes
range from 25 cents to $8 - based on traffic congestion, and that the average toll is between $1.50 and
$1.75. Most people using the lanes are regular
commuters utilizing the lane three times a week.
Using these figures as a baseline to arrive at a rough
calculation of aggregate dollars of time saved through
a shorter commute, and cost mitigated to access HOV
lanes as a single occupancy vehicle, ILEV/HEV/ZEV
drivers could accumulate anywhere from $3.50 to
$40.00 in value during their daily commute through
ownership of a qualifying AFV - depending on the
value of their hour and the cost of congestion on a
given day. This financial benefit could be articulated
as an incentive to both current and potential EV
drivers, or used to provide additional value to
targeted communities who may benefit from the
savings from which owning an EV may result. Further,
the value of this exemption to owners will increase as
ubiquity of HOV lanes throughout the Twin Cities
increases.
Figure 12. Visual of existing and future HOV
lanes in the Twin Cities Metro. Sourced by the
Minnesota Department of Transportation,
2018.
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Star Tribune, MNPass Lane Growth, 2013. http://www.startribune.com/mnpass-lane-use-is-growing-oninterstate-35w/197575651/
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Using the results of the studies conducted in California, which explained how HOV lanes produce fewer
vehicle emissions per mile than their adjacent mixed lanes, there is benefit to Minnesota adopting HOV
exemption for ILEVs, PHEVs, or ZEVs - which encompass EVs. However, the more near-term impact of
HOV lane exemption will be in acting as an incentive for purchase of EVs or AFVs.
However, this idea is not novel. Bills have been introduced in the Minnesota legislature in previous
years regarding the access of HOV lanes for EV owners. In short, the legislation failed from concern
that EV owners’ use of HOV lanes would result in undue maintenance cost to roadways, which would
not be addressed through the gasoline tax in the traditional way that road maintenance is funded.
Additionally, there was concern that the 45 mph - or average flow - desired to achieve in an HOV lane which justifies the cost of HOV lane access through MnPASS to participating drivers - could be
compromised through additional congestion incurred by EVs in the lanes. In contrast to California
where traffic is notoriously severe, Minnesota roads have not reached consistent levels of congestion
that high. However, as the metropolitan area continues to expand, and we see increased traffic
congestion and idling, providing an incentive to EVs, especially as the number of HOV lanes will be
expanding according to MnDOT plans, could help mitigate negative air quality effects from increased
congestion.
One unique way to consider HOV lane exemption or incorporate this type of policy in Minnesota could
be by identifying EV owners who fall under a specific income-level threshold. With an additional daily
incentive, or combined with other policy, HOV lane access could make an EV a pragmatic vehicle choice
for a low-income family, providing the cost savings associated with EV ownership (no maintenance
costs, decreased fuel costs, etc.) a more feasible option. This would also address the concern with EV
adoption that the communities that would largely benefit from the air quality benefits an EV provides,
are also likely to be the communities that historically cannot afford the upfront cost of an EV. While
California has pilot programs to provide rebates for EVs based on income, there is no example of any
program like the one described above elsewhere either domestically or internationally.
Were Minnesota to adopt generic HOV lane exemption for EVs (or ILEVs or ZEVs), an example of model
policy language might look like the following: “a driver may operate a qualified Inherently Low

Emission Vehicle (ILEV) or a hybrid electric vehicle (HEV) in an HOV lane at any time, regardless of the
number of passengers, provided that the vehicle is certified and labeled in accordance with federal
regulations.”
Using data on the commuting patterns of Minnesota residents in the Twin Cities metropolitan area, we
know that most commuters utilize corridors traveling into the urban core, coming largely from second
and third ring suburbs.100 For example, we understand that in 2015, 231,835 workers from outside of
Minneapolis commuted into the city for work, 79,877 both lived and worked in Minneapolis, and
103,958 residents from Minneapolis left the city to work. We see a similar pattern of net influx in St.
Paul, where 146,300 workers entered daily from outside the city, 45,317 both lived and worked in St.
Paul, and 97,445 left St. Paul each day to go to work.
To capture this trend more broadly - an influx of suburban workforce into the urban core each, we can
look additionally to the Minneapolis-St.Paul-Bloomington Metropolitan Statistical Area (MSA). While the
100
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majority of MSA residents also work in the area, there is a net influx of an additional 35,500 workers
(accounting for the outflow of workers) who enter the MSA each day for work.
For comparison, the following table depicts inflow and outflow of residents to their place of work by
city:
Geography

Work in area, do
not live in area

Both work and
live in area

Do not work in
area, live in
area

Minneapolis

231,835

79,877

103,958

St. Paul

146,300

45,317

97,445

Minneapolis and St. Paul combined

378,135

125,194

201,403

Minneapolis-St. Paul-Bloomington MSA

148,596

1,715,886

113,110

Table 12. Depicts the numeric value of inflow and outflow for residents who work in the geography but do not
live there, residents who both work and live in the geography, and residents who do not work in the geography
but live there. The results of this analysis were used to identify potential consumers of HOV lane exemptions.

This analysis supports assumption that most of daily work commuting in the metro region is from outmetro residents who commute into the area for work, and residents who live within the area and work
within the area. This is important for understanding who would likely be most incentivized by HOV lane
exemption. Visually this looks like the following:

Figures 13 and 14. Depicts the inflow and outflow of residents to their place of work around a given
geography – in this case, Minneapolis and St. Paul. Note that arrows depicted on map do not imply
daily commuting direction of worker/resident - e.g. there are not workers only entering from the
western suburbs - but rather the aggregate inflow and outflow of whether a worker entered, exited, or
stayed within the city’s geography to go to work.
This information provides two-fold understanding that (a) provision to provide HOV access to electric
vehicles will likely result in increases in EV ownership outside of Minneapolis-St. Paul but within the
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metropolitan statistical area, and (b) there is a population (of approximately 30,000 from outside MSA
and an additional) who commute daily into the Twin Cities for whom HOV lane exemption would be an
incentive, and therefore EVs would be incentivized. Additionally, we know from analysis of lane use and
housing type in Minnesota that as you move out from the urban core there are less multi-family
housing units and more single-family developments. With single family developments there is more
likely to be a dedicated garage for vehicle storage, which is important to understand which potential EV
owners already have the infrastructure to charge an EV overnight in a residential setting, which is
where ~90% of all EV charging occurs.101
Therefore, based on LEHD and land use data, which was further substantiated by average annual daily
traffic reports,102 there are approximately 250,000 eligible consumers for EVs. An understanding of
income data for the suburban ring surrounding the Twin Cities metro is also useful to contrast against
population density and create a proportion of eligible, forecasted EV owners, given the current
penetration rate of <.01%. Annual vehicle miles traveled were estimated to be 10,500 miles, roughly
the average for the state. Through aggregate of this understanding, we can estimate an approximate
range of electric vehicle penetration after HOV lane exemption policy adoption.
Supported by this information, as well as trends indicating decreasing costs of EVs and increase in the
number of EVs in secondary markets, analysis of the potential impact of HOV lane exemption for
electric vehicles in Minnesota can be found in the following table:
2018 to 2024

Adoption
Scenarios Success
Levels

2024 to 2032

Expected EV
Outcomes
(# of EVs
on the road
or % of new
EV sales)

Annual GHG
emission savings
(tons CO2 per
year)

Aggregate
GHG emission
savings (2018
to 2024)

Low

700

2,340 tons

14,037 tons

850

2,841 tons

17,045 tons

Medium

2,100

7,019 tons

42,112 tons

2,400

8,021 tons

48,127 tons

High

2,750

9,191 tons

55,146 tons

3,100

10,361 tons

62,165 tons

Multiplier: 318.3
g/mi saved per
EV

Expected EV
Outcomes
(# of EVs on
the road
or % of new
EV sales)

Annual GHG
emission
savings (tons
CO2 per year)

Aggregate GHG
emission savings
(2024 to 2032)

Multiplier:
361.8 g/mi
saved per EV

Table 13. Depicts the projections of EV adoption, resulting GHG emission savings by both annual values and
aggregate over two, six-year time periods subsequent to HOV lane exemption policy adoption.
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5.2. Direct Financial Incentives

As previously discussed, the Minnesota state legislature considers the costs of foregone tax revenue
and disbursed funding to be the same. How potential programs are funded will therefore be informed
by political and equity considerations. In general, tax incentives have been most commonly used for
large, commercial fleet conversions or to encourage industry growth. Grants and rebates have both
been used for personal vehicle replacements and rebates have been popular for encouraging EVSE
installation.
Several utilities in Minnesota currently offer rebates for the installation of level II residential charging
equipment. These rebates almost always require recipients to enroll in a time of use plan. Although this
is often beneficial for both EV owners and utilities, it does little to alleviate the range anxiety and
charging concerns of current and potential EV owners while away from home. Despite having a
comparatively high number of rebate programs, they are largely residential and the effect of the
programs should not be overestimated
The table below examines the cost and GHG emissions reductions of various adoption scenarios. The
low adoption scenario assumes 0.25% of all new car sales to be BEVs. The medium and high adoption
scenarios assume 1% and 2% respectively. Assuming a program provided a $2,500 financial incentive
per vehicle sold, a low adoption scenario would cost the state $4.9 million from 2018 to 2032. Similarly,
medium and high adoption scenarios would cost $14.6 million and $29.3 million respectively.
2018 to 2024

Adoption
Scenarios
- Success
Levels

Expected EV
Outcomes
(# of EVs on
the road
or % of new
EV sales)

2024 to 2032

Annual GHG
emission
savings
(tons CO2
per year)

Aggrega
te GHG
emission
savings
(2018 to
2024)

Expected EV
Outcomes (# of
EVs on the road
or % of new EV
sales)

Multiplier:
318.3 g/mi
saved per EV

Annual GHG
emission
savings
(tons CO2
per year)

Aggregate
GHG
emission
savings
(2024 to
2032)

Multiplier:
361.8 g/mi
saved per EV

Low

650

2,172.4 tons

13,034.3
tons

1,300

4,344.8 tons

26,068.6
tons

Medium

2600

8,689.5 tons

52,137.2
tons

3,250

10,861.9
tons

65,1714.5
tons

High

5200

17,379.1
tons

104,274.
4 tons

6,500

21,723.87
tons

130,343.0
tons

Table 13. Depicts the projections of EV adoption, resulting GHG emission savings by both annual values and
aggregate over two, six-year time periods subsequent to adoption of direct financial incentives.
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5.3. Loans and Leases

The type of loans that South Carolina utilizes are a low-cost program that are both business and
energy conservation-friendly, and also have the potential to increase adoption of electric vehicles. They
therefore offer an EV-promoting option that may receive bipartisan support. Minnesota’s Department of
Employment and Economic Development (DEED) is well-positioned to administer this type of program,
as the agency is already responsible for administering several loan programs for businesses, including
the Angel Loan Fund, the Emerging Entrepreneur Loan Program, and Small Business Development
Loan Program. Replacing and ICE vehicle with an EV would be an excellent application of this type of
loan, since although upfront costs of electric vehicles are high, there are associated cost-savings in the
longer term.
The following scenarios assume that program is a revolving loan with a budget of $1 million annually;
that 10, 15 or 20% of that money goes to grantees to purchase an electric vehicle; that electric
vehicles cost $45,000; and that companies rely on the loan for 60% of the cost of the vehicle.
2018 to 2024

Adoption
Scenarios Success
Levels

Expected EV
Outcomes
(# of EVs on
the road
or % of new
EV sales)

2024 to 2032

Annual GHG
emission
savings
(tons CO2
per year)

Aggregat
e GHG
emission
(2018 to
2024)

Expected EV
Outcomes (# of
EVs on the road
or % of new EV
sales)

Multiplier:
318.3 g/mi
saved per EV

Annual GHG
emission
savings
(tons CO2
per year)

Aggregate
GHG
emission
(2024 to
2032)

Multiplier:
361.8 g/mi
saved per EV

Low

25

83.6 tons

501.3
tons

50

167 tons

1002.6 tons

Medium

38

127 tons

762.0
tons

74

247.3 tons

1483.9 tons

High

50

167 tons

1002.6
tons

100

334.2 tons

2005.3 tons

Table 14. Depicts the projections of EV adoption, resulting GHG emission savings by both annual values and
aggregate over two, six-year time periods subsequent to adoption of loans and leases.
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5.4. Registration and Licensing

An emerging challenge as EV adoption grows, and a concern among lawmakers, is that electric vehicles
do not pay a Motor Fuel Tax and therefore are not contributing to the Highway Fund. In FY2017, the
Motor Fuel Tax made up 28.5% of the state’s Highway Fund, which supports transportation
infrastructure and projects. For some lawmakers, this raises an issue of fairness, as electric vehicles
currently do not pay their share of the “user fee” that is generated through the gas tax.
This also creates a revenue gap that will need to be addressed. The Motor Vehicle Sales Tax is also
dedicated to the Highway Fund. Presently, the higher price tag associated with EV purchases plus the
higher registration fee makes up for the lack of contribution to the Highway Fund through the Motor
Fuel Tax. However, as EV prices come down and begin to match those of ICE vehicles, this revenue
contribution will decline.
There are policy remedies that can be implemented to make up for this lost revenue. The increased EV
registration fee, passed in 2017, is an initial step towards forcing EV drivers to contribute to the
Highway Fund. One option would be to increase the registration fee by a flat amount. Other options
may include a mile-per-mile fee. This would be calculated annually by reporting the odometer reading
on the vehicle while registering the car for the year. An analysis of the expected revenue gap that
might develop when the prices of EV’s become equivalent to those of ICE’s would help inform the
design and implementation of any replacement measure.

5.5. Acquisition and Fuel Use
5.5a. Low Carbon Fuel Standard (LCFS)
The value of this policy in Minnesota rides in the historic success of the biofuel and ethanol
infrastructure and systems throughout the Midwest. Advancements in biofuel legislation and technology
have resulted in the Biofuel Blend Mandate, which implements a graduated biofuel replacement for all
gasoline sales in the state of Minnesota of 30% by 2025.103 Combined with State Agency Sustainability
Plans and Requirements,104 and biofuel incentives through the Agricultural Growth, Research, and
Innovation Program,105 the biofuel industry in Minnesota is one of the most politically savvy forces in
energy policy on the Minnesota stage.
The Minnesota Biofuel Coalition, chaired by Iowa Governor Kim Reynolds and Minnesota Governor Mark
Dayton (as of January 2018), exemplifies “a multi-state alliance aimed at providing regional leadership
on biofuels policy.” In 2017, Minnesota became the first state in the nation to exceed 250 E15 stations
while E15 consumption, as of Nov 30, 2017, was 14.45 million gallons, more than double the volume
sold in 2016 (5.68 million gallons).106 This serves as testament to the tremendous clout that the Biofuel
Coalition and the biofuel lobby carry.
While successful organizational infrastructure exists through Drive Electric MN, there is opportunity for
a broader Low Carbon Fuel Coalition to work through the Minnesota Pollution Control Agency - in
collaboration with DEMN - for the explicit purpose of establishing integrated emissions goals. This type
of partnership would be unique in that it would bring together all types of alternative fuels, including
electric vehicles, to help integrate and substantiate otherwise siloed efforts. Similarly, Charge Up
103
104
105
106

Minnesota Statutes 239.75 and 239.77; Minnesota Statutes 239.761 and 239.791
Executive Order 11-13, 2011; Minnesota Statute 16C.135 and 16C.137
Minnesota Statute 41A.12
Minnesota E85 + Mid-Blends Station Report, Minnesota Department of Commerce, 2017
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Midwest - a partnership between the Great Plains Institute, Clean Fuels Ohio, Ecology Center,
Environmental Law & Policy Center, Fresh Energy, the Sierra Club, and the Natural Resources Defense
Council - seeks to forge regional collaboration on electric vehicle issues, but remains focused solely on
EV advocacy, no other alternative fuels.
With formation of the Governor’s Advisory Council on Connected and Autonomous Vehicles convening
in 2018, there is additional opportunity for multi-stakeholder organization and collaboration. Because
such a large focus on EVSE installation is range and coverage, integration of EVSE with other AFV
services - for example, to create a multi-service AFV stop along Minnesota corridors - exists.
A report by the Union of Concerned Scientists in 2008 calculated that although California’s LCFS credits
did fluctuate with supply and demand, one credit (one metric ton) averaged around $90 in 2017.
Although fuel producers are responsible for use, purchase, and sale of credits, this may make more
sense in a slightly more familiar setting. To put this in a commercial context in Minnesota (using static
business utility bills), there were 431 Xcel customers in the City of Blaine, an average suburb of the
Minneapolis-St.Paul metropolitan area. These 431 customers aggregated 29,024 tons of carbon
emissions. Were the credit to average $90 per metric ton, and each business responsible for 67 metric
tons, the average business would require around $6,000 annually in carbon credits.
According to the Regional Indicators Initiative, total vehicle miles traveled in Blaine, MN were
588,213,181 (about double the 2016 all city average of 245,535,761). When averaged per resident,
this equates to 0.0109 tons of CO2 emitted per day by each resident. Under the hypothetical LCFS
credit structure, that equates to $0.981 per person per day in carbon credits - which is less than a
dollar per day.107 What does this look like in practice? In California, attributable largely to increased
grid electrification and increased EV adoption, LCFS credits are predicted to provide billions of dollars
for vehicle electrification by 2030 - in a sense, the product pays for itself. 108
Further, as noted, California has an ambitious goal of 5 million electric vehicles on the road by 2030. 109
Forecasts for EV adoption through an LCFS policy are slightly different in that mandates are set for
emissions not vehicles, so Minnesota legislative authorities would have significant ability to dictate and
determine to what extent Minnesota complies with goals set out. However, using California goals
scaled to Minnesota's population - a ratio of 14.1% - the following estimates were derived for EV
adoption through LCFS policy, wherein California’s 2030 goal is utilized as the highest adoption success
level for Minnesota. The following table outlines forecasts EV adoption rates achieved through adoption
of an LCFS modeled after California’s:
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Low Carbon Fuel Standard Regional Indicators Initiative, California Air Resources Board, 2014
California’s Clean Fuel Standard Boosts the Electric Vehicle Market, Union of Concerned Scientists, 2018
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Governor Brown Delivers 2018 State of the State Address: “California is Setting the Pace for America,” Office of
Governor Brown, 2018
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The following table depicts forecasts based on hypothetical adoption of LCFS in Minnesota.
2018 to 2024

Adoption
Scenarios Success
Levels

Expected
EV
Outcomes
(# of EVs
on the road
or % of
new EV
sales)

2024 to 2032

Annual
GHG
emission
savings
(tons CO2
per year)

Aggregate
GHG
savings
(tons over
time period
2018 to
2024)

Expected EV
Outcomes
(# of EVs
on the road
or % of new
EV sales)

Multiplier:
318.3 g/mi
saved per
EV

Annual
GHG
emission
savings
(tons CO2
per year)

Aggregate
GHG
savings
(tons over
time period
2024 to
2032)

Multiplier:
361.8 g/mi
saved per
EV

Low

105,000

175,462,87
5 tons

1,052,777,
250 tons

200,000

379,890,00
0 tons

2,279,340,0
00 tons

Medium

210,000

350,925,75
0 tons

2,105,554,
500 tons

275,000

2,279,340,0
00 tons

13,676,040,
000 tons

High

300,000

501,322,50
0 tons

3,007,935,
000 tons

405,000

1,538,550,0
00,000 tons

9,231,300,0
00,000 tons

Table 15. Depicts the projections of EV adoption, resulting GHG emission savings by both annual values and
aggregate over two, six-year time periods subsequent to adoption of an LCFS in Minnesota.
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5.5b. ZEV Mandate
A ZEV Mandate is also feasible in Minnesota. Although considered controversial by some, and rarely
adopted with bipartisan support, ZEV mandates or standards in some capacity have been adopted in a
handful of states, demonstrating the flexible nature of ZEV legislation. The dominant push-back would
be expected from conventional fuel businesses and organizations, as well as some auto manufacturers.
However, transitional components of legislation, such as the “travel policy,” for example, make ZEV
much more palatable, and reaffirm policymakers desire to keep control in the marketplace and not
dictated by the state.
Much like LCFS, results and outcomes from this type of policy adoption are largely dependent on the
goals and limits set by legislators and policymakers. However, using Washington numbers as proxy, but
scaled to Minnesota’s population (a ratio of .753 to 1) for a moderate success rate, the following results
were estimated for EV outcomes based on ZEV/LEV policy adoption.
The following table depicts forecasts based on hypothetical adoption of LCFS in Minnesota.
2018 to 2024

Adoption
Scenarios Success
Levels

2024 to 2032

Expected
EV
Outcomes
(# of EVs
on the
road or %
of new EV
sales)

Annual GHG
emission
savings
(tons CO2
per year)

Aggregate
GHG
savings
(tons over
time
period
2018 to
2024)

Expected EV
Outcomes (#
of EVs on the
road or % of
new EV sales)

Low

10,000

16,710,750
tons

100,264,5
00 tons

12,500

23,743,125
tons

142,458,750
tons

Medium

16,580

27,706,423.
5 tons

166,238,5
41 tons

19,250

36,564,412.5
tons

219,386,475
tons

High

23,450

39,353,816.
25 tons

236,122,8
97.5 tons

27,060

51,399,117
tons

308,394,702
tons

Multiplier:
318.3 g/mi
saved per EV

Annual GHG
emission
savings (tons
CO2 per year)
Multiplier:
361.8 g/mi
saved per EV

Aggregate
GHG savings
(tons over
time period
2024 to
2032)

Table 16. Depicts the projections of EV adoption, resulting GHG emission savings by both annual values and
aggregate over two, six-year time periods subsequent to adoption of a ZEV mandate in Minnesota.
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6. Charging Infrastructure
6.1. Charging Infrastructure in the US
A commonly identified major roadblock to EV expansion in Minnesota and the nation as a whole is the
lack of dependable EVSE. Individual consumers are often timid to purchase what they perceive as an
expensive vehicle when the charging infrastructure to keep them from getting stranded is not always
readily available or perceived as reliably ubiquitous.
Understanding this concern, the “chicken-and-egg” phenomenon is often encountered - where EV
purchasing and adoption must occur simultaneous to deployment of EVSE. Therefore, as a component
of advancing electric vehicle adoption in the state, there is significant value in investing in charging
infrastructure. However, like any fixed infrastructure investment - whether owned publicly, or privately
- there is value in strategizing to ensure that the maximum number of Minnesotans derive value from
the technology. In California, for example, there was some initial assumption that private markets
would successfully, and single-handedly be able to respond to demand for EVSE and that there was not
a role for public involvement. However, a survey conducted in California found that the market
operating alone was not sufficient to meet the demands of electric vehicle owners with regards to
charging infrastructure.110
6.2. Charging Infrastructure in Minnesota
In 2015, the Great Plains Institute for Sustainable Development, and Drive Electric Minnesota convened
a stakeholder group - which included voices from many industries and perspectives - to investigate and
outline priority corridors for EVSE implementation throughout the state of Minnesota. The results of this
convening were a series of four phased corridors that worked to connect Minnesota transportation
routes for electric vehicles.
For development of the corridors, consideration was given to average annual daily traffic of major
transportation routes, population density, and population centers, as well as the role in the larger
regional EV charging infrastructure corridors, location of existing EV owners, and location of
destinations (industry, cultural, and natural). The following corridors were established as a preliminary
action plan for EV deployment, and a proposed schedule for prioritizing investment, education, and
outreach efforts.
Building off this work, we identified opportunity to further establish key EVSE deployment locations.
The oft-cited “minimum” range between reliable charging infrastructure is 50 miles. Similarly, and
partially because Minnesota is still in the early stages of EV adoption, the demographic of electric
vehicle owners at the present stage of adoption in Minnesota is fairly static - largely Caucasian,
consider themselves “technologically-savvy,” and affluent. In contrast, communities most frequently
suffering disproportionately from poor air quality are more often vulnerable communities, communities
with elderly adults or young children, and many low-income, communities of color.
In strategically advancing the quantity of EVSE in Minnesota, we noted an opportunity to tie
adjacencies between tracts where the early stage EV adopters would be financially willing to purchase
EVs at the existing market rate and utilize charging infrastructure, and tracts where vulnerable
communities are more likely to suffer from negative air quality effects (not through the community’s
own doing), and therefore where there is a two-tiered opportunity to a) see air quality benefits, and b)
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California Market Survey report, 2013*
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work towards EV ownership among vulnerable community members (which leads to both fuel and
maintenance savings over the life of the vehicle).
This is increasingly feasible if strategic EVSE implementation is coupled with programs that seek to
provide equitable economic incentives for EV purchase, for example, based on income as is being
piloted in California.
6.1a. Equity Criteria
With initial cost currently acting as a major barrier to entry, the clean air and low-upkeep costs of
electric vehicles are mostly unavailable to members of vulnerable communities. However, as a result,
electric vehicle charging infrastructure, unlike other types of public infrastructure investment, offer a
unique parallel of two realities. By analyzing American Community Survey 5-year estimates, mapping
was conducted to identify areas where EV early adopters were likely to be found were adjacent to
communities that would benefit most from the public health cost mitigation of cleaner air (Life and
Breath Report, MPCA, 2015). Household Income, educational attainment and racial demographics (ACS
2016) were used as inputs to determine an ‘equity score’ for the analysis. Air quality was not used as
an input because it was already included as a criterion for the selection of the phase 1- 4 corridors.
Input

Range in
MN

Tier 3

Tier 2

Tier 1

Poverty - % Living At or Below Poverty (2016)

1% to
73%

> 50%

25% to 50%

< 25%

Educational Attainment - % 25 years or older
w/ Bachelor’s Degree

0% to
85%

< 30%

30% to 50%

> 50%

Race - % White (79% White in MN total)

0% to
100%

< 50%

50% to 80%

> 80%

$20,932.08
to
$317,597.4
0

< $35,000

$35,000 to
$75,000

> $75,000

DCFC in Track

No

No

Yes

Within 15 miles of DCFC

No

Yes

Yes

Average Household Income*
Avg. HH in MN has 2.5 people, poverty level was
calculated as the average poverty level in 2017
for 2 and 3-person households or ~$21,000

Table 17. Depicts the criteria used to assess census tracts for the equity score used to map potential EVSE
locations and communities.

Combining these inputs resulted in a score - from 4 to 12 - for each census tract. A score of 4
correlates to a census tract with low levels of poverty, high average household income, largely white
population, and high educational attainment. In contrast, a score of 12 correlates to a census tract with
high levels of poverty, low educational attainment, a lower proportion of white residents, and a lower
average household income. Anecdotally, there is high correlation between a low-ranking census tract,
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and historic disinvestment of an area which may be attributed to systemic injustices in distribution of
state resources. Additional analysis regarding whether a DCFC was already within or a specified
distance of the tract and the air quality of the area helped to establish and identify communities.
These criteria vary slightly from previous methodologies developed by the MPCA to establish
environmental justice areas of concern. Their methodology outlined largely aligns with criteria used by
the Metropolitan Council in a report “Choice, Place and Opportunity: An equity assessment of the Twin
Cities” where they set out to identify “Racially Concentrated Areas of Poverty.” These areas were
defined as areas where more than 50 percent of residents are people of color and more than 40% of
residents have incomes less than or equal to 185% of the federal poverty line. The reason for variation
is two-fold.
First, this analysis used census tract instead of zip code data. Census tracts are larger, especially in
non-metro areas, and therefore may encompass many communities’ characteristics within - though
only the aggregate is visualized. By adding additional criteria, a broader understanding - captured in
the scoring - is painted for each census tract. For example, educational attainment helps paint a longer
term picture of ability to generate income - versus poverty or average household income which is a
more static snapshot of a potentially temporary condition. Additionally, the criteria utilized by previous
reporting was considered too limiting for EVSE analysis. Evaluation of census tracts in accordance with
the aforementioned criteria results in identification of urbanized areas across the state - when depicting
communities living in poverty, and a combination of tribal lands and tracts within the Minneapolis-St.
Paul metropolitan area - when depicting communities over 50% persons of color.
Second, there was concern in ascribing “racially concentrated areas of poverty” to census tracts, and
prescribing EVSE as a “solution” prior to community input and engagement. Ultimately, any “equity”
assessment is only as valuable as the wants and the desires of the communities being adversely
impacted by poor air quality, which engages historic lack of investment, and institutionalized racism in
communities of color throughout Minnesota. Nonetheless, a snapshot of strategic communities within
which to start having these conversations is provided below.
Conveniently, analysis of air quality and pollution indices across the state were largely corollary with
the four corridor phases identified. The map below shows the point source annual emissions (tonnes
CO2 equivalent) monitored by the MPCA, as well as modeled average daily PM 2.5 levels by county
(Minnesota Department of Health, 2016). Unsurprisingly, urban areas and areas alongside high-volume
transportation routes are experience more concentrated air particulate matter and CO2-equivalent,
which is addressed through the four corridors.
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Figure 15. Depicts average modeled daily PM 2.5 by County in Minnesota.
The figure also includes the identified EV charging infrastructure deployment corridors.
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6.1b. Statewide Mapping
The following pages provide visuals for the four-phase strategic EVSE implementation
recommendations based on the analysis described.

Figure 16. Shows the identified communities for EVSE deployment within corridor phase 1.
The figure shows the equity scores of communities within the corridor. 111
111

American Community Survey, U.S. Census Bureau, 2016
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Figure 17. Shows the identified communities for EVSE deployment within corridor phase 2.
The figure shows the equity scores of communities within the corridor. 112
112

American Community Survey, U.S. Census Bureau, 2016
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Figure 18. Shows the identified communities for EVSE deployment within corridor phase 3. The figure shows the
equity scores of communities within the corridor. 113

113

American Community Survey, U.S. Census Bureau, 2016
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Figure 19. Shows the identified communities for EVSE deployment within corridor phase 4. The figure shows the
equity scores of communities within the corridor. 114

114

American Community Survey, U.S. Census Bureau, 2016
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The results of these corridor analyses are summarized in following table, which outlines which cities
were identified by each implementation phase:
Phase 1
Communities

Phase 2
Communities

Phase 3
Communities

Phase 4
Communities

1

Albert Lea

Aitkin

Grand Forks

Crookston

2

Dakota

Brainerd

Willmar

Baudette

3

Dilworth

Brookston

Sioux Falls

Barrett

4

Fergus Falls

Faribault

Ely

Karlstad

5

Nelson

Grand Rapids

Grand Marais

International Falls

6

Rochester

Little Falls

Beaver Bay

Grand Portage

7

Saint Joseph

Motley

Virginia

Plummer

8

Zumbrota

New Ulm

Macgrath

Langley

Perham

Bemidji

Waubun

10

Walker

Salol

11

Park Rapids

Margle

12

Elrosa

Orr

13

Granite Falls

Ortonville

14

Redwood Falls

Windom

15

Holland

16

Worthington

17

Red Wing

9

Table 18. Lists the communities identified in each phase (one through four) of EVSE expansion based on the
corridors.

77

6.3. Results of EVSE Analysis
When analyzing the results of this analysis, considerations for community selection within and outside
of the metro were prioritized differently. Following conversations with stakeholders concerned with
environmental justice, the threat of gentrification was prioritized ahead of the potential air quality
improvements. Charging infrastructure are therefore deployed differently within and outside of the
metro. EVSE programs inside of the metro area should be focused in high traffic corridors and areas of
early adoption to maximize emissions reductions while minimizing gentrification pressures. Sites for
EVSE deployment outside of the metro give greater consideration for the equity criteria above to
maximize the co-benefits of capital investment.
This is not intended to be dismissive of rural gentrification, however, gentrification does not occur at
the scale at which communities along the corridors were selected. Additional steps will need to be
taken by decision makers within identified communities to ensure that installed EVSE meets the needs
of the community. Additionally, census tracts outside the metro provide more spatial flexibility for site
selection because they are geographically larger.
Lastly, community selection for phases 1 and 2 were largely constrained by the spatial criteria. There
are relatively few communities to select from that meet the locational needs of the project, making the
prioritization of equity scores difficult. However, the increased density of charging infrastructure
following phase two greatly increases the accessibility of communities scoring lower on the equity
scorecard. This allows for greater consideration of the equity criteria for site selection in phases three
and four.
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7. Conclusions and Recommendations
This group created several recommendations based on our analysis of the US policy landscape, our
predictions on how policies would operate in Minnesota, and input from our broad network of
Minnesota stakeholders. The following section highlights conclusions and recommendations derivate of
state case studies and policy analysis, as well as insights obtained through qualitative interviews and
analysis of strategic EVSE implementation. No recommendation is mutually exclusive, and most are
complimentary.

1. Creation of a State Electric Vehicle Plan
Many states - including Washington, Colorado, California - have both initialized and augmented EV
efforts in their respective states through adoption of a statewide Electric Vehicle Strategy Plan.
Minnesota lags these states. A cohesive and coordinated approach will send a clear signal to utilities,
business owners, and local policy makers. Minnesota lags many states with high rates of EV adoption
who outline statewide goals in a centralized plan.
As exemplified by the majority of other state’s EV plans, the MPCA is well-positioned to act as the
coordinating agency on state planning efforts related to electric vehicles. This will be particularly vital
role when convening stakeholder engagement in the planning process - and ensuring that voices from
vulnerable communities and communities with high displacement risk are heard will be tantamount in
this process.
a. Incorporate equity into all components of EV planning- Low-income and
vulnerable communities are known to have the poorest air quality, specifically in the
Twin Cities metropolitan area: however, due to the increased upfront cost of the
technology they are also the last to be able to afford these vehicles.
The stakeholder engagement process for development of the plan should center around
communities identified by the Environmental Justice Advisory Board, with emphasis on
concern for gentrification and displacement as EVSE is installed.
b. Create Gentrification and Displacement Advisory Role for EV Infrastructure
Planning - Gentrification and displacement were identified as a primary concern for the
environmental justice community. The existing environmental Justice Board convened by
the Minnesota Pollution Control Agency is situated to explicitly address concerns related
to public health and equity as it relates to pollution and environmental equality by
consulting and representing vulnerable communities and communities disproportionately
affected by poor environmental quality. However, not enough conversation is currently
given to the implicit relation of public health and environmental equity to gentrification
and displacement.
Acknowledging the integral relationship between gentrification, displacement, and
capital infrastructure investment - which will be endemic with increased investment in
both EVs and EVSE - taking proactive measures to seek additional expertise and input
on gentrification and displacement as it may relate to expansion of capital investment
will be necessary.
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Both with regards to EV Infrastructure Planning specifically, and the State Electric
Vehicle Plan, the MPCA has already convened an Environmental Justice Advisory Board.
However, additional insights should augment the advisory board on the topic of
gentrification and displacement. This could manifest as the creation of an Advisory Role
by partnering with expert organization - for example, CURA at the University of
Minnesota - or by building expertise on this topic within the existing board members.

2. Emphasis on Education and Outreach
Minnesota is still in the early adoption stages. The biggest barrier to overcome is consumer awareness,
and understanding of new technologies. There needs to be engagement at multiple levels. While the
MPCA may not be the contact for communication and education at each level, it is important that they
support and encourage education and awareness be provided at each leverage point.
-

Customer awareness through charging signs on highway corridors and ride and drive events is
important to create customer confidence that the reliability of EV’s will be equal to internal
combustion engine vehicles.

-

Additional outreach must be done to ensure consumers understand the benefits of EV’s. Being
aware of the technology is not enough. Customers still need to be educated on the cost savings
associated with owning an EV, as well as the carbon reductions; mis-information is an enemy to
new technology adoption.

-

Environmentalists may be a strong target group, as this population tends to be more willing to
go out of their way to make choices that have the less harmful impact.

-

Eighty percent of car buyers do research online and arrive at the dealership having already
decided what to purchase.115 Education and outreach should therefore be targeted to reach
consumers before they arrive at the car lot to make their purchase.

-

Education and outreach is still needed at the point-of-sale, as many dealerships and car
salesman receive no training on electric or alternative vehicles - they have been trained to sell
the internal combustion engine that has undergone relatively no change since it overtake the
transportation market in the early 1900s, and are not equipped to answer logistical questions
about EV’s.

MPCA has agency resources and technical expertise to help proliferate information and updates on
electric and low-carbon vehicles. Existing efforts, including the Ride and Drive, can be bolstered and
augmented through coordination with the EV Owners Group, the American Lung Association and the
Clean Cities Coalition to increase consumer awareness and understanding.

3. MPCA should assume role of agency coordinator of EV efforts in MN
a. The MPCA is well positioned to lead efforts within Minnesota and maximize the social
benefits associated with increased adoption. Additionally, the MPCA has existing
relationships with groups who are primarily focused on EVs and related infrastructure.
115

Aakash Chandarana, Xcel Energy. Speaking at MPUC Electric Vehicle Workshop; March 16, 2018.
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There are dozens of agencies, non-profits, and other stakeholders that are involved with
electric vehicle deployment and adoption. MPCA should partner with Drive Electric, an
existing EV coalition, and expand upon it by engaging related agencies out-of-state and
leverage existing efforts and successes.
Based on our Low Carbon Fuel Standard (LCFS) policy recommendation, the MPCA is in
a position to engage all entities who have an interest in LCFS, including the Corn
Growers Association and the ethanol industry. Furthermore, at the PUC’s open docket
event related to electric vehicles, there was a clear appreciation and call for future
opportunities for those working in this area to gather and share information and ideas.
MPCA can utilize Drive Electric’s existing coalition to partner and host this type of
gathering, and invite representatives from agencies out-of-state to come and share their
successes as well.
b. By assuming this role, the MPCA can ensure that equity criteria is established for any
funding dispersal.
Due to high upfront costs currently associated with new electric passenger vehicles and
the limited availability of used vehicles, achieving an equitable distribution of EV
deployment is challenging. Including equity considerations at every planning stage will
help mitigate these challenges. In addition to maintaining a stable and active
environmental justice advisory board, the agency should seek to include equity as a
qualifying criterion for the distribution of competitive funds. Evaluation criteria for
assessing equity implications should be developed and reviewed in partnership with the
EJ advisory board.
Although increases in EV adoption raise concerns about potential increases in the cost of
electricity, the PUC is best suited to deal with such issues. The MPCA should focus on
balancing the needs of communities with poorer air quality with the potential for
adoption and broader emissions reductions.
Additionally, gentrification and displacement consideration should be included as a
central focus in all public interactions. Public engagement processes and RFPs should
include explicit considerations for gentrification and equity implications.

4. Centralized Data Monitoring
There is currently no coordinated tracking effort to understand the penetration of EVs (of
AFVs/LCFVs/ZEVs) in Minnesota. Efforts to work with the DMV are cumbersome, and extraordinary
benefit could be derived from keeping an updated dashboard on the number of EVs in the state, and
their relative air benefits.
Examples of this type of data monitoring exist in states such as Connecticut (an annual tally of total
number of electric vehicles in the state, Massachusetts (MOR-EV), and California’s Air Resources Board
website. More specifically, the Massachusetts electric vehicle dashboard keeps an interactive, up-todate tally of the number of electric vehicles in Massachusetts by type, which is augmented by their
state rebate data; they provide current dollar expenditures that the state has administered for electric
vehicle rebates.
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In California, there is documentation of every EV manufactured and sold in the state, as well as a
public tally of every vehicle that sports a LCFS sticker. Not only do these efforts to monitor help the
public understand the financial costs associated with electric vehicle policy and the implications of
electric vehicle adoption on state air quality, they also set states up to incorporate further smart
technology in the future. For example, a state utility that wants to implement as on-demand responsive
grid charging rates in the future could make a case based on a comprehensive understanding of
electric vehicles in their service territories.
In Minnesota, this will most likely manifest as dedicated staff who - in addition to helping administer
and monitor EV (or AFV/LCFS/ZEV if the state takes on any of those initiatives) efforts and progress in
the state - will make progress data publicly available. This role is particularly important in the infancy of
EV technologies in the state - when much of the state’s success has relied on strong EV networks and
relationships - and it will be important for the MPCA to work to keep continuity across networks and
relationships, working closely with existing staff to ensure that relationships are not lost during staff or
agency transition(s).
Moving forward, data monitoring could provide insight into emissions reductions and cost estimations
per EV on the road, as well as cross-program participation, which could help identify localized barriers
to adoption. Understanding the efficacy of EVs on the road through both an emission and a cost metric
will be invaluable in informing future decision-making.

5. Use portion of EV Registration Fee to benefit EV programming.
Additional EV specific registration and licensing fees are common, even in states that are actively
incentivizing EV adoption. Although often perceived as a means of recouping lost revenue from
gasoline taxes, the fees are frequently used to further incentive EV deployment. The MPCA should
advocate for the allocation of part of the funds from the existing registration fee to be committed to
future EV projects.

6. Annual EV Conference
An annual, EV specific conference is a great means to gauge stakeholder priorities, connect decision
makers with industry innovators and build cross sector collaboration. A conference of significant size
may be more feasible at a regional level however should create specific space and time for state
workshopping. A regional conference has the added benefit of sharing solutions to regional problems
that might otherwise be overlooked. Although this additional insight is beneficial, it should not distract
from the ability of state agencies, industry leaders and stakeholders to interact and address Minnesota
specific topics.

7. EV Ready Building Codes
‘EV ready building codes’ including small updates that significantly decrease the costs associated with
retrofitting EVSE in the future. By requiring the installation of electrical conduit during construction,
future installation costs can be greatly reduced should the demand for charging infrastructure arise.
These changes would largely affect multifamily and rental units within the metro area, providing
opportunities for air quality improvements in higher need areas. These changes would have a high
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degree of consideration for equity due to the populations that live in multifamily housing. Additionally,
the state could require the adoption of EV ready buildings codes by projects that receive state financial
incentives.

8. Pilot Programs
Pilot programs are an ideal way to avoid lock-in to incentives and policies that may not meet the needs
of Minnesota. Minnesota is a very different environment for many reasons than our case study states
and while we can certainly take lessons from each acknowledging that we may not fully understand the
impacts. Pilot programs are generally 1-3-year programs and allow for updates to be made throughout
the process as well as significant change before a program becomes permanent.
a. Centralized Data Monitoring
Any programs initiated or administered by a public agency should be required to participate in a
data reporting and monitoring program. The Massachusetts electric vehicle rebate program is a
great example of how a centralized data hub can provide insight into the cost, timeliness and
efficacy of related programs. A centralized data reporting program, including vehicle
registration, annual mileage, residential and charging locations and cross program participation
will help identify the most cost effective and timely implementation strategies. Although the
case studies in this report provide insight into the advantages and disadvantages of various
types of programs, Minnesota specific data is needed to make a well-informed judgement.
Minnesota’s cold climate and cultural differences may result in different participation rates for
different programs. A combination of the data reporting and the various pilot programs below
will help prioritize cost, timeliness and political interests.
b. Grants for New EV Purchases
A tiered grant program for the purchase of new EVs is an effective and equitable, although
costly, means of increasing adoption rates. Grant amounts should be adjusted according to an
individual or household’s income, similar to the California grant program. This creates an
opportunity to increase adoption rates in a more equitable manner than a fixed amount
program. Alternatively, a combination of grants for lower income residents and tax incentives
for higher earners can help alleviate the need for immediate funding.
Understanding adoption rates across income levels is helpful for identifying challenges and
barriers to adoption not yet recognized.
c. Charging Infrastructure Deployment
Following meetings with stakeholders, the need to distinguish between communities became
clear. Communities within and outside of the metro area face different challenges associated
with EV deployment and charging infrastructure. While EVSE in less affluent communities
outside of the metro can spur economic activity, installations in communities with similar scores
within the metro may experience exacerbated gentrification. The deployment pilots below are
intended to address these differences; maximizing benefits and minimizing gentrification
pressure wherever possible.
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d. Fast Charging Deployment
Publicly available chargers should be focused in high traffic corridors and in areas with above
average EV penetration. Investments in these areas will help maximize use and emissions
reductions while avoiding the potential for the gentrification of lower income communities.
Displacement of lower income residents is a primary concern for the MPCA Environmental
Justice Advisory Group. It is feared that installations of EVSE in lower income communities will
exacerbate gentrification pressures. This displacement would therefore outweigh any potential
improvements in access to charging infrastructure or air quality. By focusing publicly accessible
installations in areas with higher EV adoption rates, GHG reductions can be maximized while
avoiding any potential contributions to gentrification.
Data from publicly operated and accessible fast chargers will provide greater insight into usage
and adoption rates and better inform the deployment of future EVSE deployment. Privately
operated EVSE receiving public funding should be required to report data as part of the
centralized data monitoring program.
e. Multi-Family Unit Rebate Program
To supplement the purchase grant program for low income communities, an independent
charging rebate program for multifamily units should be implemented. Residents living in
multifamily housing do not have the access to residential charging that is available in single
family houses. Given that the vast majority of charging currently takes place at home, this is a
primary concern. Additionally, the costs of installing EVSE in multifamily setting can be higher
than in a single-family home. A rebate program is needed to overcome these unique barriers.
Investments in multifamily unit charging infrastructure improve access to EVSE without the
threat of gentrification that publicly accessible chargers pose.
We recommend selecting a single community for a pilot program. An ideal community will have
a relatively high concentration of multifamily housing, relatively high per capita VMT, and a
potential for significant air quality improvement. A smaller pilot area with a dense installation of
residential infrastructure will increase visibility and familiarity with EVs as well as provide more
distinct changes in air quality. Significant community engagement should be taken to maximize
the use of installed infrastructure within the given parameters.
In addition to a multifamily unit rebate program, the MPCA should advocate for the inclusion of
‘EV ready’ building codes at the state level. EV ready building codes will allow for the installation
of EVSE at a later date, minimizing increases in development costs while allow for an efficient
installation when the demand arises.
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Appendix A. Additional International Examples
Looking beyond the boundaries of the United States regarding the state of EV infrastructure, there are
a few select countries that have become leaders in the transition to zero emission electric cars. More
than anybody else, the Scandinavian countries of Norway and Sweden show what can be done when
smart incentives are put in place to encourage the growth of an EV market.
Norway
More than anybody else, Norway has led the way in increasing the rate of adoption of EV vehicles in
their automotive market. For decades the government has been a leader in transitioning their energy
sector towards greener sources. However, what initialized EV adoption back in 1990 was chiefly an
exemption - this occurred when the Norwegian government enacted their first incentive towards
electric vehicles, a temporary exemption from the import tax. Following this initial exemption, in 1996
and nearly every year since, the government has added more and more incentives, ranging from an
exemption on road tolls, free parking in public spaces, elimination of the VAT, and free access to bus
lanes.
However, just owning a vehicle in Norway is an expensive endeavor, with the amount of taxes
sometimes being a significant percentage of the purchase price of the vehicle itself. Beginning with the
removal of the import tax in 1996, taxes such as VAT, valued at 25%, the acquisition tax, valued at
$11,600, and various other registration and road taxes, have all been eliminated for those who decide
to purchase an EV. The government has also decided to give EV owners free use of toll roads, bus
lanes, and ferries. To further help along the growth of EV adoption, the government has mandated a
rule of having at least two chargers every 50 kilometers, or 31 miles, on the main roads throughout the
country. This helps give EV owners the peace of mind that they’ll never have to worry about running
out of battery power to get to their next destination.
Because of all these policies, the last few years have seen a higher and higher share of monthly new
vehicle sales belonging to EV’s, going from 13.8% in 2014, to 29.1% in 2016, achieving 39.2% in
2017, with the latest market concentration of EV’s being 21.5 registered cars per 1,000 people in 2016,
14.2 times higher than the U.S. All of this has resulted in a total share of EV’s on the road in Norway
of 5%, an amazing figure. Through this success, the government has decided in their latest National
Transport Plan to completely ban the sale of gasoline vehicles in Norway by 2025; this includes car,
buses, and light commercial vehicles. The government has indicated that they intend to stick with
these incentives for the years to come, so because of this there is no reason the government won’t be
able to achieve their goal.
Sweden
A country similarly serious about increasing the market of EV’s is Sweden, although their market is
much younger than Norway, beginning around 2011. There were less than 200 all electric cars in 2011,
but by December 2017 that figure has risen to over 12,000. From the beginning the government has
decided to go a different route from Norway, focusing instead on rebates EV consumers can get on
their vehicles. The Swedish government has done this via a program called the “Super Green Car
Rebate”, or Supermiljöbilspremie, where EV buyers will receive a $5,200 rebate for new cars that emit
no more than 50 grams of carbon dioxide per kilometer, which they receive after purchasing the
vehicle. The government started the program in 2011 with a budget of $25 million, but after having
gone through some stops and starts, has raised the budget nearly every year after that, with the
budget now over $50 million in 2016. The government is planning to introduce a new “feebate”
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program later in 2018, which is one that combines fees and rebates; the plan would be to penalize
high-emitting vehicles with taxes, while providing rebates to low-carbon vehicles. Because the
government hasn’t before been taxing, or penalizing, high emission vehicles, that would be a welcome
funding source for the rebate program the government continues to run.
Canada
Additionally, our neighbors to the north, Canada, lately have been having more success with their EV
market. Unlike the two countries mentioned previously, instead of federal policy directing the EV
market in Canada, it’s the provinces themselves controlling how they encourage the growth of EV’s.
The provinces that have seen the most EV growth are Ontario, Quebec, and British Columbia. As of
December 2015, there were a little over 10,000 all electric vehicles on the road. Like Sweden though,
the provinces focus more on providing rebates for EV consumers, versus the other incentives that
Norway provides. In Ontario, there is a rebate of $14,000 for EV purchases, with an additional $1,000
off a charging installation in your home.
EV buyers also get carpool lane access throughout the province. In Quebec, the rebate is quite a bit
smaller, at $8,000, but to help out the provincial government has a ZEV, or Zero Emission Vehicle,
mandate, which forces automakers to sell electric vehicles for credits in order to compensate for their
internal combustion vehicles, or to buy credits from other manufacturers who have a surplus, like
Tesla. And finally, British Columbia offers an even smaller rebate, at $5,000, but has created an
additional program, called “SCRAP-IT”, which gives an individual $6,000 towards purchase or lease of
an electric vehicle, but only if you scrap your old car. Looking back at the federal government, they are
considering a plan for purchase rebates, on top of the ones already provided in the provinces, and they
are also considering funding of fast-charging stations, as industry now cannot fund the necessary level
of them the EV market needs to grow.
China
China has made significant efforts to encourage the growth of the EV sector. Pushed, in part, by local
air pollution problems and the potential health benefits, China is also seeking to capitalize on
international market growth. The state can justify local spending with air quality improvements while
market penetration in the US and EU. Although efforts to promote EVs in China have had some
success, applicable policy inferences for the US are limited. The Chinese government is able to use
state owned automotive manufacturers and production subsidies to encourage market growth and
penetration. Production subsidies are complimented further by increasingly stringent emissions
standards as local agencies attempt to deal with air quality concerns.
Although this has little bearing for the US, agencies and states should consider the implications of a
growth in the Chinese EV market as federal subsidies for locally produced EVs begin to expire, US
markets will likely experience a relative increase in the proportion of Chinese EVs. This will likely have
both market and political implications.
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Appendix B. Energy Mix Analysis
MISO Grid Scenarios (source: MISO, 2017)

Figure 20. Depicts the Midcontinent Independent System Operator, Inc. (MISO) Grid Projections based
on four scenarios – limited fleet change, continued fleet change, accelerated fleet change, and
distributed & emerging technologies. These four mixes were used to conduct analysis of which energy
mix should be used to forecasts GHG emission reductions from ICE to EV conversion.
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When run through the GREET model, we see the following emissions savings per BEV on the road.

2032 MISO Scenarios

Re-aggregated into GREET fuel categories
MISO Energy
Mix

2017

Limited
Fleet
Change

Continued
Fleet
Change

Accelerated
Fleet Change

Distributed &
Emerging
Technology

Residual Oil

2%

0%

0%

0%

0%

Natural Gas

24%

24%

27%

21%

27%

Coal

48%

51%

43%

35%

40%

Nuclear

16%

13%

13%

12%

10%

Biomass

0%

0%

0%

0%

0%

Other
(renewables)

10%

12%

17%

32%

23%

GHG Emissions Reductions (CO2 equivalent emissions per mile)
ICE

475.49 475.77

473.38

469.41

472.28

BEV

234.13 237.02

212.16

170.98

200.73

Savings per EV
241.36 241.36
on road per mile

261.22

298.43

271.55

Table 19. Depicts the GHG emission reductions calculated using GREET with the various MISO scenarios.
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Similarly, when we look at the proposed 50% by 2030 bipartisan legislation proposed as of February
2017, that plays out as the following - all other energy inputs proportional to Xcel 2030 forecasts - we
see the following, and most dramatic GHG savings per mile.

Energy Mix - (Xcel

50%
Renewables
by 2030

60%
Renewables
by 2030

70%
Renewables
by 2030

Natural Gas

11%

8.80%

6.60%

Coal

7.50%

6%

4.50%

Nuclear

14%

11.20%

8.40%

Other (Renewables)

50%

60%

70%

Proportional ratios to
2030 forecasts, and
50% renewables)

GHG Emissions Reductions (CO2 equivalent emissions per mile)
ICE

457.68

457

456

BEV

49.11

39

29.86

Savings per EV on road per
mile

408.57

417

426

Table 20. Depicts the GHG emission reductions calculated using GREET with various renewable energy mixes,
using Xcel energy forecasts to keep all proportions for non-renewable energy inputs at a constant. .

89

Figure 21. Shows – visually – the resulting reductions in emissions (as grams per mile traveled) when converting
from an ICE to an EV over the period 2018 to 2032, using the mixes described above – Xcel forecasts, MISO
projection scenarios, and a handful of renewable scenarios, as well as a constant MISO savings (grams per mile)
if no changes are made to the grid inputs.
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