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EXECUTIVE SUMMARY

Growth in the electric vehicle market continues globally. Cumulative global electric
vehicle sales surpassed 3 million units in 2017, with the United States now the third
largest electric vehicle market after China and Europe. Governments at national,
regional, and local levels continue to support the market to help achieve energy,
climate change, local air quality, and industrial development goals. The United States is
a particularly compelling laboratory for analysis because of its large variation in local
electric vehicle sales and support policies.

This white paper assesses the U.S. electric vehicle market and the actions driving it. The
paper catalogues actions in place, identifies exemplary practices, and discerns links between
various electric vehicle promotion actions and electric vehicle uptake. The analysis is
primarily focused on the 50 most populous metropolitan areas, which represented about
79% of the 2017 U.S. electric vehicle market. The work statistically analyzes the links among
various state and local policies, public and workplace charging infrastructure, consumer
incentives, model availability, and the share of new vehicles that are plug-in electric.

Figure ES-1 illustrates the share of new vehicle registrations that are plug-in electric
across U.S. metropolitan areas in 2017. The 50 most populous metropolitan areas that
are the primary focus of this analysis are labeled. Electric vehicle shares were generally
highest in the major west coast markets. The San Jose area had the highest share at 13%,
followed by other California areas at 5 to 8%. Top markets in Colorado, Oregon, New
Hampshire, New York, and Washington had shares of 3 to 5%. Overall, the share of new
vehicles that are plug-in electric in these 50 areas is 1.6%, exceeding that of the rest of
the United States by a factor of about 2.5.
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Figure ES-1. Electric vehicle share of new 2017 vehicle registrations by metropolitan area.
(New vehicle registration data from IHS Automotive)
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On the basis of our collection of local-level data, we conducted a statistical analysis
to assess the link between key electric vehicle support activities and market uptake
at the metropolitan area level. In particular, we analyzed the connection between
electric vehicle shares and the availability of more electric vehicle models, charging
infrastructure, incentives, high-occupancy vehicle lane access, and other promotion
actions. Our analysis leads us to the following four conclusions:

Electric vehicle market growth requires many actions by many different players.
Actions by various stakeholders are linked with electric vehicle uptake. Many local,
state, and utility stakeholders across the United States are reducing consumer
barriers with policy, incentives, and awareness campaigns. States that adopt
California’s Zero Emission Vehicle regulation catalyze the market, spurring automaker
marketing and expanded model availability. This provides assurance of a growing
market and is typically complemented by policy incentives, sustained charging
infrastructure investment, and consumer awareness measures.

Growth in electric vehicle uptake starts with expanded model availability. This
research affirms a statistical link between electric vehicle model availability and uptake.
The top five electric vehicle markets by volume, representing nearly half of all U.S.
electric vehicle sales, each had at least 28 available electric vehicle models in 2017.
However, across major U.S. markets, about half of the population has access to 10 or
fewer electric models, indicating how limited electric vehicle exposure generally is.
Availability of more models in more vehicle segments, especially lower-cost and higher-
range electric vehicles, is a key to continued electric vehicle market development.

Even as electric vehicle costs continue to decline, consumer incentives remain
important. Electric vehicle prices have greatly decreased even as their electric ranges
have increased, reflecting great progress in battery technology and its increased
production scale. Yet electric vehicle uptake continues to be linked to incentives that
reduce the effective electric vehicle cost. Substantial consumer incentives, typically
worth $2,000 to $5,000, were available in nine of the top 10 major metropolitan
areas with the highest uptake. Consumers in California markets, Denver, and Seattle
have benefited from substantial purchase incentives. Additional perks from carpool
lane access and/or preferential parking policies benefit electric vehicle drivers in
several markets, including Nashville, Phoenix, Raleigh, Salt Lake City, and many areas
in California.

Electric vehicles and various types of charging infrastructure grow in unison. Public
regular, public fast, and workplace charging are each linked with electric vehicle
uptake. Markets with high electric vehicle uptake have at least 300 public charge
points per million people; by contrast, half of the U.S. population lives in a market
with charging infrastructure at least 70% below this benchmark. In the top electric
vehicle markets, about 10 to 20% of the available public charging is fast charging. In
addition, new to this report, we find that the top electric vehicle markets typically
have at least 100 workplace charge points per million people.
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L INTRODUCTION

The transition to electric drive is critical to limiting transportation carbon emissions,
energy consumption, and local air pollution, and governments of the world are
implementing policies to accelerate the transition. Government efforts to support the
electric vehicle market are beginning to take hold, as the early market steadily grows each
year. The global light-duty electric vehicle market exceeded 1.2 million annual sales in

2017, up more than 50% from 2016, indicating a clear increase toward economies of scale
(International Zero-Emission Vehicle Alliance, 2018a). The United States is a large part of
this global growth, along with the leading world electric markets of China and Europe. The
United States provides an especially rich laboratory for deeper analysis because of the
variation of electric vehicle sales and policy implementation across the nation.

Figure 1 shows annual electric vehicle sales in the United States from 2010 through 2017.
The figure shows the eight companies with the most electric vehicle sales in 2017, as well
as annual sales from all others (HybridCars, 2018). The eight companies account for 92%
of the 2017 electric vehicle market in the United States. There is a general automaker
trend toward more electric vehicle models and greater production volumes. The four
highest-selling models were the Chevrolet Bolt, Chevrolet Volt, Toyota Prius Prime, and
Tesla Model S, each with more than 20,000 U.S. sales. Most companies had increased
electric vehicle sales from 2016 to 2017. As shown, electric vehicle sales in the United
States increased from approximately 150,000 in 2016 to more than 190,000 in 2017,
growing by about 29%.
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Figure 1. Automaker annual electric vehicle sales in the United States through 2017.

Automakers continue to bring more electric models across more vehicle segments to
the market at greater scale. New plug-in offerings such as the Mitsubishi Outlander, Tesla
Model 3, and next-generation Nissan Leaf launched in the United States in late 2017 and
will likely continue to be made more widely available across more local U.S. markets.
Furthermore, automakers have announced their moves toward an order of magnitude
greater volume of electric vehicle production, with dozens of new model offerings in

the years ahead. Battery cost reductions will ensure that these new models have lower
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cost and longer range than the previous models. Because of these trends toward more
models at lower prices, this is an important time for governments to consider their
support policies and investments in charging infrastructure.

U.S. electric vehicle sales vary substantially at the state, regional, and local levels, as do
government actions and support policies. California and the other nine Zero Emission
Vehicle states account for approximately two-thirds of the U.S. EV market (Lutsey, 2018).
These markets and others continue to implement a wide array of actions including
consumer incentives, infrastructure deployment, and information campaigns help to
overcome consumer barriers to electric vehicle adoption. Financial and nonfinancial
incentives, public charging infrastructure, fleet programs, informational materials and
tools, and public events help to overcome consumer barriers related to higher upfront
costs, functional electric range and range anxiety, and an overall lack of awareness and
understanding. Many governments are now working to bolster policy effectiveness and
capture a broader set of prospective consumers.

This paper updates and builds upon our annual U.S. electric vehicle market analysis of
how state, regional, and local actions are helping to overcome the prevailing electric
vehicle barriers. We analyze the U.S. electric vehicle market in 2017, updating for new
market data, policy, and infrastructure developments. Our previous analyses (e.g., Slowik
& Lutsey, 2017) identified several factors—including financial incentives, public and
workplace charging infrastructure, model availability, access to high-occupancy vehicle
(HOV) lanes, and city actions—that are linked with higher electric vehicle uptake.

We describe and catalogue electric vehicle promotion actions and their
implementation, identify best-practice policies, discern statistical links between
promotion actions and electric vehicle uptake, and evaluate major market trends
between 2016 and 2017. In Section Il, we highlight several additional studies that
provide background on the factors that have driven electric vehicle market growth
in previous years. In Section lll, we summarize and analyze all the data at the
metropolitan area level. Continued updates to these types of studies are important
to understand how the market evolves as new electric vehicles enter the market,
new consumers are attracted to them, and new policy actions are implemented. As
compared to our previous work (Slowik & Lutsey, 2017), this analysis of the 2017 U.S.
market includes more market activity, more charging infrastructure, more electric
vehicle models on the market, and greater local policy action.

Our cataloguing of local-level electric vehicle actions and statistical analysis are based
on the promotion actions and policies that were in place throughout the majority of
calendar year 2017. A primary unit of analysis is “electric vehicle uptake”—the proportion
of new vehicles registered that are plug-in electric vehicles, both battery electric
vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVs). The analysis is primarily
focused on the 50 most populous U.S. metropolitan areas (U.S. Census Bureau, 2018a),
which together accounted for 79% of the 2017 electric vehicle market and approximately
55% of the nation’s population. To summarize the work, we present figures on electric
vehicle market data and several underlying policy factors and statistically assess the
relationships with a stepwise multiple linear regression analysis.
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Il. DATA COLLECTION ON ELECTRIC VEHICLE
PROMOTION ACTIVITIES

This section catalogues and summarizes data on major state, city, and utility policies and
activities that are supporting the purchase and use of electric vehicles across major U.S.
metropolitan areas, organized into three broad categories: consumer incentives; charging
infrastructure; and planning, policy, and other promotion activities. We collected information
on dozens of promotion actions that were in place in 2017. When possible, we quantified the
applicable data—for example, estimating the average value of consumer financial incentives
and counts of charging infrastructure. Recurring consumer benefits such as HOV access

and parking incentives were analyzed over a six-year ownership period, based on how long
vehicles are typically owned or their financing terms. For discrete qualitative actions, such as
electric vehicle outreach events, we more simply catalogued the metropolitan areas in which
the given actions or policies were implemented in 2017. The approach follows that of our four
previous papers (most recently Slowik & Lutsey, 2017) while accounting for the promotion
actions that were under way in 2017. The Annex includes a summary list of the 40 actions and
tangible examples of metropolitan areas with those actions in place. The actions, and their
implementation across the 50 most populous metropolitan areas, are summarized below.

CONSUMER INCENTIVES

Consumer incentives—including purchase, operation, parking, and HOV lane access
incentives—are in place in many states and metropolitan areas. Incentives help to overcome
key cost and convenience barriers and give impetus to the early electric vehicle market
while technology costs fall and consumers become familiar with the technology. Numerous
studies have found that purchase and other consumer incentives are linked with electric
vehicle uptake (e.g., Jin, Searle, & Lutsey, 2014; Lutsey et al., 2015; Lutsey, Slowik, & Jin,
2016; Tal & Nicholas, 2016; Vergis & Chen, 2014; Yang et al., 2016; Zhou et al., 2016, 2017).

Purchase incentives. State and federal incentives have been major components of electric
vehicle public policies in the United States. The federal government provides up to $7,500
in income tax credits for the purchase or lease of electric vehicles. This incentive applies
uniformly across the metropolitan areas and is not included in our evaluation. State
incentives such as rebates, tax credits, or substantial tax exemptions were available in

19 of the 50 metropolitan areas in this study. The value of incentives ranges from $1,750
(Pennsylvania) to as much as $5,000 (Colorado). New York began its state rebate program
for up to $2,000 in March 2017. Oregon established a rebate program in 2017 that launched
in 2018 and is therefore excluded from our 2017 market analysis. Utah’s rebate program
expired in 2016 and is not included here. To expand the market to lower-income buyers,
California and Oregon provide increased rebates for low- to moderate-income residents,
increasing the standard value by $2,000 and $2,500, respectively. We do not include

the increased rebate values in our quantification of incentives but note for context that
these rebates in California amount to about 9% of all rebates—and about 16% of all rebate
funding—applied for in 2017 (CSE, 2018).

Purchase incentives from local governments are less common and typically are of lesser
value than state incentives. Riverside provides a $500 rebate, and exemptions from local
taxes are available in Seattle. Averaging across the 19 areas that offered incentives, the
average value was approximately $2,300 for BEVs and $1,800 for PHEVs. Our estimates
include a population-based weighting of state incentives for the metropolitan areas that
span multiple states.
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Vehicle operation incentives. Additional incentives are sometimes available after the
initial purchase or lease of an electric vehicle, such as exemptions from or reductions in
state license and registration fees (5 areas) and emissions inspections (23 areas). Vehicle
operation incentives tend to be worth approximately $100 over a six-year ownership
period. Arizona has a unique registration exemption program for BEVs that amounts to
approximately $1,100.

Some states have implemented annual fees for electric vehicles, resulting in a disincentive
in 12 metropolitan areas: Colorado (Denver), Georgia (Atlanta), Michigan (Detroit),
Missouri (Kansas City, St. Louis), North Carolina (Charlotte, Raleigh), Tennessee (Memphis,
Nashville), Virginia (Richmond, Virginia Beach), and Washington (Seattle). Annual fees
typically apply to BEV and PHEV owners, but some states such as North Carolina and
Virginia limit the fees to BEV drivers only (U.S. DOE, 2015). Other states are considering
similar legislation, in part as a means of offsetting depleting gas tax revenues. Table 1
shows the relative effect of electric vehicle license fees as compared to state annual
motor fuel sales tax revenues, based on U.S. Census Bureau (2018b) data. As shown,
electric vehicle fees on average account for far less than 0.1% of annual motor fuel sales
tax revenues; such fees have a very small effect on state fuel tax revenue. Research has
concluded that improved vehicle efficiency has had a much greater effect on depleting
transportation budgets than electric vehicles (Vermont Agency of Transportation, 2016).
This dynamic is likely to continue for several years to come (NRC, 2015).

Table 1. Annual fees for electric vehicles relative to state motor fuel sales tax.

Motor fuel Approximate Electric fee revenue

sales tax 2017 electric annual revenue as percent of

revenue in vehicle fee from electric annual motor fuel

2016 (million) (per vehicle) vehicle fee (million) sales tax revenue

Colorado $667 $50 $0.21 0.031%
Georgia $1,655 $200 $0.51 0.031%
Michigan $1,029 $135 $0.55 0.053%
Missouri $717 $75 $0.08 0.012%
North Carolina $1,936 $100 $0.21 0.011%
Tennessee $898 $100 $0.10 0.011%
Utah $420 $44 $0.05 0.012%
Virginia $896 $64 $0.19 0.021%
Washington $1,458 $150 $1.07 0.073%

Parking incentives. Various state and local electric vehicle parking policies that provide
benefits to electric vehicle drivers exist in 14 of the metropolitan areas in this study.
Nevada and Hawaii offer free parking for electric vehicles at eligible metered parking
locations. Cincinnati, Salt Lake City, and San Jose provide free parking at city parking
meters and participating garage lots. Eligibility varies across programs; for example,
Cincinnati’s program only includes BEVs, whereas in Salt Lake City, free parking is
available for vehicles with a city-rated fuel economy above 41 miles per gallon. Vehicles
with the Clean Air Permit in San Jose are eligible for free parking at all city parking meters
and a few parking garages that typically cost $100 per month. Applying our previous
methodology (Jin et al., 2014), we estimate that the six-year value of parking incentives
ranges from about $300 in Cincinnati to about $600 in Las Vegas. Nashville, Orlando, and
Sacramento also provide local parking incentives; however, these programs are relatively
limited in number and availability and are therefore not quantified here.
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Other local parking actions include policies that require new designated parking spaces
for electric vehicles and increase their number over time. New York City requires 25%
of new spaces to be electric vehicle-ready, meaning that parking facilities must be
equipped with wiring and panel capacity to supply charging. Such actions help to
provide additional perks to drivers, raise overall public awareness, and avoid costly
future building retrofits. Several governments impose penalties to discourage gasoline
car drivers from parking in designated spaces.

High-occupancy vehicle (HOV) lane access. Eighteen of the 50 metropolitan areas allow
single-occupant electric vehicles to use HOV lanes. We apply our previous methodology
for the value of HOV lane access, based on our approximations of HOV lane-miles and
relative level of congestion in each metropolitan area that allows single-occupant electric
vehicles to use the lanes (see Slowik & Lutsey, 2017). We estimate that areas where HOV
lanes have the highest six-year ownership value are San Jose, Los Angeles, San Francisco,
Nashville, and Raleigh (ranging from $3,350 in San Jose to $1,950 in Raleigh).

CHARGING INFRASTRUCTURE

An expanded charging infrastructure network, including home, workplace, and public
locations, can increase driver confidence in the vehicle’s range, extend operating
functionality, and increase visibility and public awareness of the technology. Several
studies find that workplace and public charging infrastructure are statistically linked with
electric vehicle uptake (Hall, Cui, & Lutsey, 2017; Hall & Lutsey, 2017a; Slowik & Lutsey,
2017; Zhou et al., 2017). In California, nearly half of electric vehicle drivers report having
access to charging at work (CARB, 2017a).

Government, utility, and industry stakeholders are increasing the charging infrastructure
network in multiple ways. Government support includes direct deployment, financial
incentives, expediting permitting and installation processes, and adopting electric
vehicle-ready building codes. Utility actions include direct installation and financial
incentives. Multiple automakers including BMW, Nissan, Tesla, and Volkswagen, as well as
partner equipment providers such as Electrify America, EVgo, and ChargePoint, are also
investing in charging infrastructure to support greater adoption of electric vehicles.

We update our analysis to use data from PlugShare on public and workplace charging
infrastructure in 2017. The PlugShare data are based on user-updated charge point
information and include detailed categorization of the charging facilities by type and
location. Our previous infrastructure estimates were based on data from the U.S. DOE
Alternative Fuels Data Center (AFDC) and U.S. DOE Workplace Charging Challenge.
The PlugShare data include about 10% more public charge points than the AFDC data.
We analyzed the PlugShare data and organized the many charger categories into
“public” and “workplace” groups. When there was ambiguity in the data nomenclature,
such as chargers with “restricted access,” we categorized those that are likely primarily
workplace chargers as “workplace” (e.g., corporations and office buildings), and
categorized others as “public” (e.g., hotels and hospitals). Note that we included
“school/university” chargers in the “workplace” group, as these locations are often large
employers where many people commute and vehicles have long dwell times similar to
those parked at office buildings.

Figure 2, based on data from PlugShare, shows the numbers of public DC fast charge

points (including CHAdeMO, SAE Combo, and Tesla), public Level 2 charge points, and
workplace charge points per million population in the 50 most populous metropolitan
areas. This provides a simple illustration of how much infrastructure has been built and
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allows for relative comparisons across the metropolitan areas. Areas are ordered from
top to bottom according to the sum across the three columns.

DC fast public charge
points per million population
40 80

¢}

0

Level 2 public charge
points per million population
350 700 O

Workplace charge
points per million population

450 900

San Jose

San Francisco
Kansas City
San Diego
Sacramento
Portland
Seattle

Los Angeles
Atlanta
Austin
Nashville
Baltimore
Riverside
Washington
Indianapolis
Raleigh
Boston
Denver
Orlando

Las Vegas
Hartford
Phoenix
Salt Lake City
Detroit
Minneapolis
Richmond
Charlotte
Columbus
Chicago
Pittsburgh
Providence
Dallas
Louisville
Jacksonville
Tampa
Miami

San Antonio
Philadelphia
Cincinnati
Virginia Beach
New York
Memphis
Buffalo
Houston

St. Louis
Cleveland
Milwaukee

New Orleans
Birmingham
Oklahoma City

B CHAdeMO
[HSAE
MTesla

WDC fast
Level 2
WlLevell

Figure 2. Public (DC fast and Level 2) and workplace charge points per million population in the 50
most populous U.S. metropolitan areas. (Charging infrastructure data from PlugShare)
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We make several observations based on the data in Figure 2. Areas with the most
extensive charging infrastructure in 2017 had roughly 50 to 75 DC fast charge points and
300 to 600 Level 2 charge points per million population. However, many areas had just a
fraction of that amount of public charging. More than half of the 50 major metropolitan
areas had fewer than 18 DC fast charge points and fewer than 110 Level 2 charge points
per million population. Overall, the U.S. public charging infrastructure is 86% Level 2 and
14% DC fast. Areas outside of California with a relatively high number of DC fast charge
points per million population include Baltimore, Columbus, Portland, Richmond, Salt
Lake City, and Seattle. Overall, the U.S. workplace charging infrastructure is 88% Level 2,
and the rest is a mix of DC fast and Level 1. Although we do not include Level 1 chargers
in our quantification of public charge points, there is reason to include Level 1 workplace
charge points because of the much longer typical dwell time at workplaces. The
PlugShare data revealed an additional insight: On average across the major metropolitan
areas, new charging installations in 2017 tended to have more chargers per location than
previously, increasing by about 50% since 2015.

The top five areas on average had about 8 times the public charging infrastructure per
capita relative to the bottom five areas. San Jose had about 17 times as much public
charging infrastructure per capita as Oklahoma City. San Jose, with more than 800
workplace charge points per million population, also stands out as having far greater
workplace charging per capita than others. The markets with the next highest workplace
charging availability, at about 100 workplace charge points per million population, are
San Diego, Los Angeles, Sacramento, Detroit, and Kansas City. San Jose and Detroit
stand out as the only markets with more workplace charge points than public charge
points. In the analysis below, we investigate the relationships between electric vehicle
uptake and public and workplace charging infrastructure.

State-level charging infrastructure actions. State governments promote charging
infrastructure in several specific ways. For example, low-carbon fuel standards (present
in seven metropolitan areas) assist charging providers by incentivizing low-carbon
transportation fuels and also provide a funding mechanism. States can also provide
private charger incentives or support for residences and/or commercial businesses (21
areas) as well as promote public charging stations by means of financial incentives or
direct deployment of publicly available infrastructure (31 areas). Many states have begun
to open up various planning processes, driven by public utility commissions and power
utility proposals, to deploy charging infrastructure, as described below.

City-level charging infrastructure actions. Numerous additional actions at the local level
also grow the infrastructure network. These include streamlined electric vehicle service
equipment (EVSE) permitting processes (14 areas), electric vehicle-ready building codes
(10 areas), EVSE financial incentives or support (two areas), and city-owned chargers
(38 areas). Select workplaces in all 50 areas have made electric vehicle charging
available to employees while at work; however, the number of workplace charge points
vary greatly across the 50 areas. California requires cities to adopt ordinances for
expedited EVSE permit processes and EV-ready building codes (California Building
Standards Commission, 2016), although these are typically local-level actions. These
policies generally mean faster approval and installation processes for charging stations
and ensure that future construction will include the necessary conduit and panel
capacity to support increased electric vehicle charging. San Francisco’s 2017 EV-ready
building code ordinance, for example, requires all new residential, commercial, and
municipal construction to have service capacity to simultaneously charge electric
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vehicles at 20% of parking spaces but also have the supporting infrastructure in place to
install outlets at 100% of spaces (San Francisco Department of the Environment, 2017).

As the early market develops, governments increasingly seek to identify priority

areas for charging infrastructure deployment. Portland and Denver in particular have
been active in identifying priority locations for future installations, including areas
with a larger proportion of multifamily and garage-free homes, large businesses with
long commuting distances, locations that lack public transit and have high average
vehicle miles traveled, key destination and recreation areas, and others (see City of
Portland, 2017; Denver Department of Public Health and Environment, 2017). Portland
determines key charger locations by plotting the various criteria on a composite heat
map, prioritizing areas where several factors overlap (Portland Bureau of Planning and
Sustainability, 2018).

PLANNING, POLICY, AND OTHER PROMOTION ACTIVITIES

States and cities implement a variety of additional planning, policy, and other promotion
activities. These generally fall into areas that include state regulation, state and city
policy planning, electric vehicle fleet initiatives, electric power utility policy, and other
outreach and education awareness activities.

Zero Emission Vehicle regulation. California’s Zero Emission Vehicle (ZEV) regulation
requires incrementally greater electric vehicle sales over time. Ten states (California,
Connecticut, Maine, Maryland, Massachusetts, New Jersey, New York, Oregon, Rhode
Island, and Vermont) have adopted the ZEV regulation; 13 of the 50 metropolitan areas
in this analysis are in these states. The program requires at least 8% of new vehicle
sales to be electric in California by 2025 (CARB, 2017b). The ZEV regulation, in turn,
pushes for greater electric vehicle model availability and greater marketing effort by
automakers (NESCAUM, 2016, 2017).

The ZEV regulation differed functionally across ZEV states in 2017. For example,
automakers could focus early electric vehicle deployment in California and delay efforts
in other ZEV states to foster technology development and manage associated costs.
This flexibility expired as of 2018, and manufacturers are now required to offer increasing
numbers of electric vehicles in ZEV states outside of California. (Our analysis of the 2017
market does not capture the market effects of the flexibility’s expiration.) Many of the
ZEV states implement a statewide or multistate roadmap or action plan to help support
ZEV deployment and supplement the ZEV regulation (see, e.g., California Office of the
Governor, 2016; NESCAUM, 2013, 2014).

ZEYV Alliance participation. Multiple states have joined networks to increase
collaboration and best-practice learning through information exchange with proactive
governments around the world. The International Zero-Emission Vehicle Alliance

is a 14-member consortium of eight U.S. states (California, Connecticut, Maryland,
Massachusetts, New York, Oregon, Rhode Island, Vermont), two Canadian provinces, and
four European nations (International Zero-Emission Vehicle Alliance, 2018b). Alliance
members share a vision to make all new passenger vehicles in their jurisdictions zero-
emission no later than 2050. Thirteen of the 50 metropolitan areas in this analysis are in
ZEV Alliance states.

Direct sales. The ability for companies to sell new vehicles directly to customers, as
opposed to through the traditional automobile dealership franchising model, is another
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factor that affects electric vehicle sales. Some states have rules that prohibit direct
sales, hindering the electric vehicle market by blocking Tesla and potentially other
companies from selling electric vehicles. In 2014, Michigan adopted legislation making
it impermissible for vehicle manufacturers to sell vehicles directly to retail customers
without going through franchised dealers (Michigan Legislature, 2014). In contrast,
Maryland in 2015 passed a law that, among other things, authorizes “a manufacturer or
distributor to be licensed as a vehicle dealer if the manufacturer or distributor deals only
in electric or nonfossil-fuel burning vehicles” (Maryland General Assembly, 2015). We
find that 11 states have blocked or have substantially limited direct vehicle sales in their
jurisdictions. Of the 50 metropolitan areas in this analysis, 36 are in states that allow
direct sales.

City electric vehicle strategies. Many metropolitan areas have some form of local or
regional electric vehicle strategy, commonly called “action” or “readiness” plans. Such
strategies play an important role by creating a forum and network of local, state, utility,
charging provider, auto dealership, and other stakeholders to discuss common issues
surrounding the growth of the electric vehicle market. City electric vehicle strategies
help to identify and shape local actions to overcome key electric vehicle barriers (e.g.,
cost, convenience, infrastructure, awareness) and to prepare local infrastructure and
utilities to support an increased number of electric vehicles on local roads. The city of
Portland adopted a particularly comprehensive electric vehicle strategy that sets key
goals and identifies 49 unique actions across several categories (charging infrastructure,
fleet, private vehicle, shared mobility, information and awareness, and economic
development) that the city will take to accelerate the transition to electromobility (City
of Portland, 2017). We identify 26 areas with electric vehicle strategies in place.

Public awareness and outreach activities. Consumer awareness and understanding is a
critical precursor to electric vehicle market growth. Despite actions to date, the public
lacks basic knowledge related to electric vehicles (Jin & Slowik, 2017; Kurani & Hardman,
2018). Awareness activities, including online informational materials (30 areas) and
outreach events (48 areas), help to increase familiarity and general understanding of
electric vehicles and their features. The city of Boston hosts a particularly informative
website, providing information and additional links about electric vehicles, their
economic and environmental benefits, a fuel cost savings calculator, a buying guide,
upcoming ride-and-drive events, a map of available public charging stations, the

city’s EV policy, and available incentives (City of Boston, 2017). Online resources vary
drastically in the type and amount of detail they provide, as well as the accessibility of
the information. Although we did not evaluate the differences quantitatively, there is
evidence that comprehensive, locally focused information that is easily accessible within
three or fewer clicks is best suited to support prospective electric vehicle buyers (Santini
et al., 2016).

Outreach events are an effective way to raise awareness and increase familiarity.
National Drive Electric Week is one of the largest initiatives, with more than 240 such
events across the United States in 2017. Many local governments participate in or
support the events, which include announcements by local officials, ribbon-cuttings

for new public charging stations, charging station giveaways, ride-and-drives, and
technology demonstrations. Some local outreach programs have especially been taking
strides to expand the electric vehicle market beyond early adopters; we found that 14 of
the 50 areas held some sort of outreach event in low-income communities. It is difficult
to quantify the exact value of outreach events with respect to spurring electric vehicle
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adoption, although there is increasing evidence that indicates success. Research by the
California Plug-in Electric Vehicle Collaborative found that 9% of survey respondents
purchased or leased an electric vehicle within three months of a test drive (PEVC, 2017).
Research by the Center for Sustainable Energy found that the probability of future
electric vehicle purchases increased for consumers across all income levels after a test
drive (CSE, 2016).

Fleets. Integrating electric vehicles in fleets directly increases their use and can help
overcome barriers to their wider adoption by increasing overall visibility and exposure
(Jin & Slowik, 2017; NRC, 2015). There are many government fleet-based electric vehicle
actions, including state fleet purchasing incentives (20 areas), local electric vehicle
carsharing programs (18 areas), municipal electric vehicle fleet targets (21 areas), and
use of electric buses in public transportation fleets (16 areas). Several examples of
leading fleet actions are discussed below.

Massachusetts has offered incentives for fleet electric vehicles since 2014, in part

as a strategy to increase the technology’s visibility to the public (Commonwealth of
Massachusetts, 2017). Public entities such as municipal governments, public universities,
and state agencies are eligible for incentives up to $5,000 per PHEV, $7,500 per BEV,
and $10,000 for dual-head charging stations. Colorado and other states extend fleet
incentives to both public and private entities (Colorado Clean Air Fleets, 2017).

Local carsharing program Bluelndy in Indianapolis is expanding toward 500 all-electric
Bolloré Bluecar vehicles and 200 charge points (Bluelndy, 2017). Although typically in
smaller volumes, carsharing programs such as Maven by General Motors, ReachNow by
BMW, Enterprise, and other services have integrated electric vehicles into their fleets

in some cities. Maven, for example, launched an all-electric Chevy Bolt carsharing fleet
in Austin in 2018. In an effort to broaden access to electric mobility, a few cities are
working to launch dedicated electric carsharing programs in low-income communities
that are often subject to greater socioeconomic challenges and environmental pollution.
The largest is Los Angeles, where 100 electric Bolloré Bluecar vehicles and 200 stations
are anticipated to be used by 7,000 unique users within three years (City of Los Angeles,
2016). Similar initiatives are underway in Sacramento and Portland. There also appear

to be emerging efforts to integrate electric vehicles within ride-hailing fleets (e.g., Uber,
Lyft). Maven, for example, leases electric Chevy Bolt vehicles to ride-hail drivers in 11 U.S.
cities (Maven Gig, 2018). Leading governments have begun exploring policy measures to
encourage electric ride-hailing, as they recognize its potential for high electric vehicle-
miles traveled, reduced emissions, and increasing consumer exposure and awareness
(see, e.g., CPUC, 2018).

Some local governments are integrating electric vehicles into their municipal or public
transit fleets. Columbus plans to integrate 200 electric vehicles and the supporting
charging infrastructure into its municipal fleet (Clean Fuels Ohio, 2016). The local
transit authority in Louisville is expanding its electric bus fleet to 15 all-electric buses.
Major transit operators in Los Angeles and Seattle have committed to electrifying
their entire bus fleets, which together include about 3,600 buses (Hymon, 2017; King
County Metro, 2017). Such procurement initiatives offer multiple benefits, including
reduced air pollution and vehicle emissions, lower fuel and maintenance costs,
increased overall visibility and exposure, and a demonstrated public commitment to
the advanced technology.
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Utility. Electric power utilities play a critical role in supporting the transition to electric
drive, and utility actions to promote electric vehicles are becoming increasingly common
in many areas. Utilities (and ratepayers) stand to benefit from greater adoption of
electric vehicles, such as from their potential to increase revenue, reduce rates, and
manage grid loads (Hall & Lutsey, 2017b; Lowell, Jones, & Seamonds, 2017; Ryan &
McKenzie, 2016). Early utility involvement in this area generally includes actions to
educate and steer consumers toward electric vehicles and optimal charging practices,
such as utility charging pilots or research (32 areas), offering time-of-use (TOU) rates
(39 areas), distributing informational materials or hosting outreach events (48 areas),
providing a cost comparison tool (24 areas), and procuring electric vehicles in the utility
fleet (34 areas).

Several especially forward-thinking utilities are exploring additional actions to promote
electric vehicles, such as offering preferential rates for electric vehicle charging (19
areas), electric vehicle or EVSE financial incentives (10 areas), and direct deployment
of or investment in public charging infrastructure (15 areas). Some utilities are working
to expand the market by providing EVSE informational materials specific to multifamily
properties (seven areas), deploying public charging infrastructure in low-income
communities (four areas), and offering increased financial incentives for semi-public
EVSE at multifamily properties (two areas).

Utility rate structures can help steer customers toward electric vehicles and optimal
charging practices. TOU rate options are a relatively common and simple strategy to
manage electricity demand through pricing signals and also provide financial benefits
to electric vehicle drivers. By charging when electricity prices are very low (typically
overnight), TOU rates minimize the refueling costs for electric vehicles. We identified
a smaller number of utilities that also provide preferential rates for electric vehicles.
These types of rate structures help to ensure that driving on electricity is cheaper
than driving on gasoline—a critical element to electric vehicles’ widespread adoption
(Nicholas, 2018).

A select few utilities offer financial incentives for electric vehicles or their infrastructure.
Austin Energy provides incentives for residential and commercial EVSE, valued at up to
$1,500 for privately owned Level 2 residential stations, $4,000 for Level 2 multifamily-
property residential stations that are available to all residents, and up to $10,000 for
hosting a DC fast station (Austin Energy, 2017). Several utilities in California offer rebates
for electric vehicles valued at approximately $600, funded by the statewide Low Carbon
Fuels Standard (Mulkern, 2017).

Utilities are increasingly investing in or directly deploying public charging infrastructure.
Kansas City Power & Light’s “Clean Charge Network” currently has more than 1,000
Level 2 charging stations (KCP&L, 2018). In California, the state Public Utilities
Commission approved rate-based EVSE rollout plans by the three major utilities that will
deploy 1,500, 3,500, and 7,500 charging stations in their service territories with at least
10% located in disadvantaged communities (see, respectively, Edison International, 2016;
SDG&E, 2016; CPUC, 2016). Utilities in Oregon appear headed in a similar direction now
that Oregon has enacted laws allowing major utilities to submit plans to help accelerate
transportation electrification, and several pilot projects were approved in 2018 (Pacific
Power, 2018). Similar utility programs have recently been approved or are pending
approval in Boston, Columbus, and Seattle. We also identified other programs in which
utilities are funding, co-funding, or supporting state efforts, such as those by Duke
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Energy, Jacksonville Electric Authority, and NV Energy (see Duke Energy, 2016; JEA,
2017; NV Energy, 2015).

Utilities appear increasingly interested in realizing the benefits of adding electric
vehicles to their fleets, such as improving safety, reducing emissions, and enhancing
consumer awareness, brand image, and public relations through community visibility
and employee expertise (Edison Electric Institute, 2014). One major utility fleet program
is that of Pacific Gas & Electric in Northern California, which plans to invest around
$100 million over 5 years to integrate electric vehicles within its fleet in order to lower
fuel and maintenance costs, extend vehicle operating life, reduce emissions, and deliver
electricity during emergencies (PG&E, 2015).

SUMMARY OF ACTIONS

Table 2 summarizes the implementation of the actions described above, categorizing
across columns into state, local, and utility areas of action. The cataloguing of actions
shown includes only those that were in place throughout the majority of 2017. The 50
metropolitan areas are ordered from top to bottom by total number of electric vehicle
promotion actions. The extent of policy action varies greatly across the 50 areas. Six
areas in California have adopted the most actions, implementing about 30 to 35 of
the 40 actions that we discuss in this paper. Other areas with 23 to 26 actions include
Boston, Denver, New York City, Portland, and Seattle.
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Table 2. Electric vehicle promotion actions across major U.S. metropolitan areas.
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. ANALYSIS OF ELECTRIC VEHICLE MARKET

This section evaluates the electric vehicle market and the underlying factors that are
supporting growth. We analyze electric vehicle uptake, measured as the percentage of new
light-duty vehicle registrations that were plug-in electric vehicles in 2017. Vehicle registration
data are from IHS Automotive. We compare the data on electric vehicle uptake and public
charging infrastructure, model availability, policy incentives, and promotion actions across
the major cities. The relationship between electric vehicle uptake and these factors, taking
into account the new 2017 data, is analyzed and discussed in the statistical analysis below.

ELECTRIC VEHICLE UPTAKE

The U.S. electric vehicle market in 2017 was up about 29% over 2016. As a percentage of
all U.S. light-duty vehicle registrations, electric vehicles accounted for around 1.2% of the
market. The 50 metropolitan areas in our study account for about 79% of 2017 U.S. electric
vehicle registrations; these areas constitute about 60% of the total light-duty vehicle
market and 55% of the U.S. population. These 50 areas have approximately 2.5 times the
electric vehicle uptake of the rest of the country (i.e., 1.6% versus 0.6%). In 2017, the U.S.
electric vehicle market was about evenly split between BEVs (51%) and PHEVs (49%).

Figure 3 shows the share of new vehicles that are plug-in electric across the more than
900 metropolitan statistical areas. The 50 most populous areas are labeled. Electric
vehicle uptake tends to be highest in major metropolitan areas on the West Coast,
followed by other hot spots in Colorado and the Northeast. California alone accounted
for about half of the total U.S. electric vehicle market in 2017. San Jose had the highest
share at 13%, followed by a handful of other California cities at 3% to 7%.
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Figure 3. Electric vehicle share of new 2017 vehicle registrations by metropolitan area. (New vehicle
registration data from IHS Automotive)
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We point out several major changes from 2016 to 2017. Overall, the national electric
vehicle market increased approximately 29%. In terms of number of electric vehicle
registrations, the three areas with the largest annual increases were Los Angeles, San
Francisco, and New York City. In addition, new electric vehicle registrations jumped by
more than 1,000 units in Boston, Chicago, Riverside, Sacramento, San Diego, San Jose,
and Seattle as compared to 2016. In terms of percent growth, Buffalo stands out with
91% growth in new electric vehicle registrations from 2016 to 2017. Boston, Denver,
Virginia Beach, and Hartford saw between 60% and 77% year-over-year growth, and
Baltimore and Sacramento grew by more than 50%. Year-over-year growth was 40% or
greater in 12 of the 50 most populous metropolitan areas. The eastern ZEV markets of
Baltimore, Boston, Buffalo, Hartford, New York, and Providence each saw 35% to 91%
growth. There were also many smaller cities with high percentage increases between
2016 and 2017. Many high-growth areas were associated with new models, incentives,
local actions, and additional charging, which are analyzed below.

In the opposite direction, several areas experienced decreases in electric vehicle
registrations in 2017. Of the 50 most populous areas, Detroit experienced the greatest
decrease; other declining markets were Atlanta, Miami, Indianapolis, Nashville, Memphis,
and Salt Lake City. As shown in Table 3, each of the areas with a decrease in electric
vehicle registrations had no consumer purchase incentives in place in 2017. Three of the
markets had consumer incentives in 2016 that were no longer available in 2017. Five of
the seven areas had annual electric vehicle fees in place (up from two areas in 2016),
making it less affordable to drive electric in these areas. Indianapolis was the only case
among these declining markets where there was neither an annual fee nor the removal
of a substantial consumer incentive, but there is an annual fee of $150 that goes into
effect in Indiana in 2018. Legislators in Utah are considering increasing the annual
electric vehicle fee from $44 to more than $200.

Table 3. Change in electric vehicle registrations, consumer purchase incentive, and annual
electric vehicle fee for major metropolitan areas with decreased electric vehicle registrations

from 2016 to 2017.
Change in Consumer purchase incentive Annual electric vehicle fee
Metropolitan | electric vehicle

Detroit -35% $0 $0 $0 —» $135
Nashville -16% $2,500 —>» $0 $0 —» $100
Indianapolis -13% $0 $0 $0 $0

Memphis -12% $2,500 —> $0 $0 —» $100
Miami -5% $0 $0 $0 $0

Atlanta -5% $0 $0 $200 $200
Salt Lake City -3% $1,000 —> $0 $44 $44

Red arrow indicates that the electric vehicle value proposition became less attractive from 2016 to
2017; orange arrow indicates no change from 2016 to 2017.

Although this paper is focused on the most populous metropolitan areas, the Figure

3 map above also reveals other relatively high electric vehicle share areas across the
smaller metropolitan areas, as defined by the U.S. Office of Management and Budget
(see U.S. Census Bureau, 2018a). Several of the smaller markets with the highest regional
electric vehicle shares were in Colorado, Connecticut, Hawaii, Massachusetts, Michigan,
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New Hampshire, New York, North Carolina, Oregon, Vermont, and Washington. Figure

4 summarizes the leading areas within each region as well as the regional differences

in electric vehicle uptake. We identify the four relative leaders in each region, including
only areas with populations of more than 50,000 to exclude smaller areas that generally
had fewer than 30 electric vehicle registrations in 2017. The figure shows the percentage
above regional average electric vehicle uptake (vertical bars, left axis) as well as the
regional electric vehicle share (dashed line, right axis).
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Figure 4. Regional electric vehicle shares and regionally leading metropolitan areas. (New vehicle
registration data from IHS Automotive)

The figure shows how electric vehicle shares in California and the non-California West
were much higher than elsewhere, and also how several areas stand out as having
substantially higher electric vehicle uptake relative to their region’s average. In particular,
Edwards (3% electric share) and Boulder (5%) in Colorado were 3.3 and 5.6 times,
respectively, the Mountain region’s average. In the Northeast, Keene (New Hampshire)
and Ithaca (New York) led the region with 3.5% and 3.1% electric vehicle shares,
amounting to 3.7 and 3.2 times the regional average. Ann Arbor (Michigan) and Madison
(Wisconsin) in the Midwest had approximately 1.4% and 1.1% electric vehicle shares, more
than 2.7 and 2.1 times the regional average. In the South, Durham (North Carolina) and
Charlottesville (Virginia) were more than 3 times the South average, with approximately
1.4% shares. In the non-California West, smaller metropolitan areas with high electric
vehicle uptake include Corvallis (Oregon) and Honolulu (Hawaii), with approximately
3.6% and 2.6% electric vehicle shares. Smaller metropolitan areas in California with high
shares include Santa Rosa (8.4%) and Santa Cruz (6.9%).

CHARGING INFRASTRUCTURE

Charging infrastructure is critical to support electric vehicle market growth. We analyze
public charging infrastructure across the 200 most populous metropolitan areas, based
on data from PlugShare (2018), in terms of public charging infrastructure per million

Regional share of new vehicles that are plug-in electric
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population in each area. Figure 5 shows how the public Level 2 and DC fast charging
infrastructure (horizontal axis) corresponds to electric vehicle uptake (vertical axis)
in 2017. The size of each data circle is proportional to the electric vehicle registrations
in each area, the largest market being Los Angeles. The U.S. average is shown as
approximately 1.2% electric vehicle uptake and 150 public Level 2 and DC fast chargers
per million population.
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Figure 5. Electric vehicle share of new vehicles and public charge points per million population for
the 200 most populous metropolitan areas. (New vehicle registration data from IHS Automotive;
charging infrastructure data from PlugShare)

The figure shows an approximate trend, with the areas with high electric vehicle shares
generally having greater public charging infrastructure availability. The 10 areas with
the highest electric vehicle uptake have about 2 to 5 times the average public charging
infrastructure. Of the 20 areas with the highest electric vehicle shares, 18 had a greater
than average number of public charge points. San Jose, with the highest electric vehicle
uptake in 2017, had more than 4 times the national average number of public charge
points. Averaging across the 200 areas, DC fast accounts for approximately 12% of the
total public charging infrastructure; however, the deployment of DC fast and Level 2
charging stations varies greatly across the areas (Figure 2). The connection between
charging infrastructure and electric vehicle uptake is further explored in the statistical
analysis below.

We make several additional observations from the data in Figure 5. The data suggest
that nominal benchmarks of at least 300 public charge points per million population
(25 DC fast and 275 Level 2) underpin higher electric vehicle uptake at this point in the
market in 2017. Areas with high electric vehicle uptake also appear to deploy roughly
10 public Level 2 chargers for each DC fast charger. There are several areas clustered
around 300 to 400 public charge points per million population and about 2.5 to 7%
electric vehicle uptake, including Honolulu, Portland, Seattle, and several California
cities (Los Angeles, Sacramento, San Diego, Santa Barbara). This approximate extent of
charging is also seen in Austin, a relative leader in the South region and where electric
vehicle uptake is about the national average. Other markets including Atlanta, Baltimore,
Boston, and Nashville are developing the infrastructure to support market growth, with
about 200 to 250 public charge points per million population.
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Developing markets continue to grow the public charging network. From 2016 to 2017, the
number of the 200 most populous metropolitan areas with more than 200 public charge
points per million population went from 29 to 34. Many cities, however, have much lower
charging availability than this benchmark. We find that half of the U.S. population lives in
an area that has fewer than 90 public charge points per million population (i.e., at least
70% below the leading-city benchmark of 300 public charge points per million).

Figure 6 illustrates electric vehicle share (vertical axis) as compared with workplace
charge points per million population (horizontal axis) for the 200 most populous
metropolitan areas, with the proportional 2017 electric vehicle registrations shown by the
circle size. The U.S. average is shown as approximately 1.2% electric vehicle uptake and 42
workplace chargers per million population. As indicated above, among the most populous
50 metropolitan areas, San Jose led with more than 800 workplace charge points per
million population, followed by San Diego, Los Angeles, Sacramento, Detroit, and Kansas
City, each with more than 100 workplace charge points per million population. Similar

to the plot of public charge points versus electric vehicle sales share (Figure 5), there is
an approximate visual trend where areas with the most charging infrastructure typically
had higher electric vehicle shares. Of the 20 areas with the highest electric vehicle shares
among the 200 shown, 15 had greater than average workplace charge point availability.
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Figure 6. Electric vehicle share of new vehicles and workplace charge points per million population
for the 200 most populous metropolitan areas. (New vehicle registration data from IHS Automotive,

charging infrastructure data from PlugShare)

We also investigated several other potential relationships in the charging infrastructure
data, including the relationship between public charging infrastructure and cumulative
new electric vehicles that were deployed in each area from 2011 through 2017. The data
indicate that as of 2017, markets with high electric vehicle uptake (e.g., Los Angeles,

San Francisco, San Jose) tend to have 35 to 40 electric vehicles for each public charge
point. Several factors may influence the ratio of electric vehicles to public charge points,
including access to home and workplace charging, housing and population density
characteristics, and the various policies and promotion actions that are the focus of this
analysis. Although research shows that there is currently no universal benchmark for
the number of electric vehicles per public charge point (Hall & Lutsey, 2017a), lagging
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electric vehicle markets can strive toward the current leading benchmarks of similar
cities. There is reason to suspect that such electric vehicle per charge point ratios might
increase over time in more maturing markets as infrastructure reaches higher capacity
with increased utilization (NREL, 2017).

MODEL AVAILABILITY

The availability of a range of electric vehicle models across multiple vehicle segments
is a key factor for the broader adoption of electric vehicles, as consumer vehicle make
and model preferences vary widely. Although the number of non-electric models is in
the hundreds, the proliferation of electric models is greatly expanding the market to
more prospective customers, up from a small handful in 2012 to more than 40 in 2017.
However, electric vehicle model availability tends to be much higher in California than
in the rest of the U.S. (NESCAUM, 2017; Reichmuth & Anair, 2016). In 2017, there were
a variety of available models in different vehicle segments including compact and
hatchback (e.g., Nissan Leaf, Chevrolet Bolt), smaller luxury cars (e.g., BMW i3, Audi
A3), midsize cars (e.g., Ford Fusion Energi, Tesla Model S), sport utility vehicles (e.g.,
Mitsubishi Outlander, BMW x40e), and a minivan (Chrysler Pacifica).

Figure 7 shows the number of available models (horizontal axis), electric vehicle share
(vertical axis), and total 2017 sales (circle size) across the 50 most populous metropolitan
areas with several areas labeled. We define model availability as the number of electric
models that had at least 20 new registrations in 2017, to better distinguish models that
were available beyond a few select showrooms or may have been purchased in other
regions. The figure shows a general upward trend, where areas with more models available
tend to have relatively higher electric vehicle sales and sales shares. The five leading
markets by volume, representing nearly half of all 2017 U.S. electric vehicle sales, were also
the five top markets in terms of model availability, with 28 to 37 available models.
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Figure 7. Electric vehicle share of new vehicles and model availability in the 50 most populous
metropolitan areas. (New vehicle registration data from IHS Automotive)
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In terms of sales share, each of the seven areas with more than 2.5% uptake (more
than twice the national average of 1.2%) had 21 or more models available in 2017. The
four areas with the highest electric vehicle share (above 4%) had 29 to 37 models,
namely San Diego, Los Angeles, San Francisco, and San Jose. Uptake in these areas
was between 3.6 times (San Diego) and 10.8 times (San Jose) the average among the
50 major markets. There were 28 models that were made substantially available in
New York City and 22 in Washington, D.C., both of which are relatively strong electric
vehicle markets. New York City had the fourth highest electric vehicle sales volume
in 2017, and Washington, D.C. (1.3% share) is a regional leader among surrounding
areas in the South and Northeast. As compared to 2016, 40 of the 50 most populous
metropolitan areas saw an increase in model availability. The average increase across
the 50 cities was about two electric vehicle models.

We also analyzed model availability among the 200 most populous areas. Based on
the threshold of at least 20 sales of a given model, we find that 86% of the 200 most
populous metropolitan areas had no more than 10 electric vehicle models available to
consumers. In terms of population in these areas, we find that about half (46%) of the
population was in an area that had 10 or fewer models available in 2017. Prospective
consumers in markets with high electric vehicle uptake had about 2.5 to 3.5 times
this availability. Many cities, such as Birmingham, Jacksonville, Louisville, Memphis,
Milwaukee, Nashville, New Orleans, Oklahoma City, and Richmond, had five or fewer
models available, and electric vehicle uptake in each of these cities was less than half
of the national average (with the exception of Nashville, with just over half the national
average). The link between model availability and electric vehicle uptake is further
explored in the statistical analysis below.

POLICY INCENTIVES

Financial and nonfinancial incentives help overcome key cost and convenience barriers
and give impetus to the early electric vehicle market while technology costs fall and
awareness improves. Figure 8 shows the estimated value of consumer incentives
(vertical bars, right axis) and 2017 electric vehicle uptake (black line, left axis) across
the 50 cities, ordered from left to right based on highest uptake. Our quantification
includes estimates of state, city, and utility purchase incentives; HOV lane access; and
“other” incentives, namely parking perks and exemptions from state and local fees and
emissions inspections. The utility incentive is based on the implementation of the Low
Carbon Fuel Standard in California. Also shown are “fees,” which are typically at the
state level. The incentive values shown are the average of BEV and PHEV incentives in
each area. Incentives and fees that occur for future years after the initial purchase or
lease are evaluated over a six-year ownership period with a 5% annual discount rate.
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Figure 8. Electric vehicle share of new vehicles and available consumer incentives. (New vehicle
registration data from IHS Automotive)

The figure shows how most of the areas with high electric vehicle shares tend to have
substantial incentives. Many high-uptake areas offer multiple incentives. For example,
electric vehicle drivers in California cities can benefit from state and utility purchase
incentives and HOV access. Drivers in Denver receive substantial state purchase
incentives, and those in Seattle receive both state and city financial tax credits. New
York State began offering incentives in March 2017, and Buffalo had the highest year-
over-year growth rate among the 50 cities. The Atlanta case also demonstrates the
importance of incentives. Georgia offered an incentive worth approximately $5,000
through mid-2015. In 2014, the electric vehicle share in Atlanta was 3.5%, more than

4 times the national average. Since the expiration of the state incentive (and the
introduction of a $200 annual fee for electric vehicles), electric vehicle registrations
have fallen to well below the national average. However, there are also counterexamples
with relatively high incentives but low uptake, such as Buffalo, Pittsburgh, and New
Orleans. In New Orleans, Louisiana’s state income tax policies include “alternative fuel
vehicle” language, and although the legislation includes electric vehicles, there may be
additional barriers related to consumer awareness and understanding of the incentive,
its applicability, and its exact value.

The Denver case demonstrates the importance of incentive design (see Yang et al.,,
2016). Beginning in 2017, Colorado modified its electric vehicle tax credit to provide
incentives upfront at the point of sale in order to be more enticing to prospective
consumers and make the process easier and simpler (Drive Electric Northern Colorado,
2016). Although there are other factors, electric vehicle sales in Colorado increased by
about 50% from 2016 to 2017, with the Denver area experiencing about 65% year-over-
year growth, more than twice the national average.

Electric vehicle incentive
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Each of the 50 most populous metropolitan areas exceeding the average U.S.
uptake (1.2%) offered purchase incentives in 2017, with one exception. Portland is
one counterexample with low incentives and high uptake. However, electric vehicle
drivers in the Portland area benefit from a broad array of local and utility actions,

a highly active outreach and awareness association (Forth Mobility), and extensive
charging infrastructure; some drivers also benefit from Washington’s state vehicle
purchase tax credit. Oregon’s adoption of the ZEV mandate also helps to ensure
relatively high model availability in the Portland area. Although Oregon did not offer
purchase incentives in 2017, rebates worth approximately $2,500 per electric vehicle
are available in 2018. The link between incentives and electric vehicle uptake is further
explored in the statistical analysis.

ELECTRIC VEHICLE PROMOTION ACTIONS

Figure 9 displays the number of state, city, and utility promotion actions (from Table 2)
in the 50 markets (vertical bars, right axis) as well as the electric vehicle share (black
line, left axis), ordered from left to right by highest share. The eight areas to the left in
the chart with the highest uptake (>2%) have adopted 23 to 34 actions. These areas
tend to have a strong mix of state, city, and utility actions. New York and Baltimore also
have a strong mix of promotion actions but remain in the middle of the pack in terms of
electric vehicle share. Markets with the lowest uptake tend to have fewer than 15 actions.
The link between promotion actions and electric vehicle uptake is further explored in
the statistical analysis below.
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Figure 9. Electric vehicle share of new vehicles and promotion actions. (New vehicle registration
data from IHS Automotive)

Figure 9 also shows the relative breakdown of state, city, and utility actions in each

of the markets. Areas with the greatest number of city actions include the California
cities, Denver, New York City, Philadelphia, Portland, Raleigh, and Seattle. Austin has
an especially active utility, but promotion actions at the state level are lacking. Other
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areas with a high number of utility promotion actions include Atlanta and the California
cities. State electric vehicle promotion actions are very limited in Alabama, Florida,
Kentucky, Michigan, Tennessee, Texas, Utah, Virginia, and Wisconsin. Areas where several
local actions are in place, such as Austin and Salt Lake City, could benefit from greater
support at the state level. In contrast, Rhode Island and New York have implemented
several state actions, and the Providence and Buffalo areas could benefit from greater
city and utility support. Utility action in Nashville and Pittsburgh appears quite limited.

COMPARISON OF 50 MAJOR METROPOLITAN AREAS

This section compares the underlying factors identified above across the 50
metropolitan areas to further investigate their potential relationship with electric vehicle
uptake. Figure 10 shows how charging infrastructure, promotion actions, and model
availability relate to electric vehicle uptake. The horizontal axis displays promotion
actions, the vertical axis shows public charging infrastructure per million population, the
color of the circles indicates the number of available electric vehicle models, and the
circle size represents electric vehicle uptake. Selected areas are labeled, as is the 50-city
average. As shown, areas with the highest uptake tend to have the most extensive
infrastructure deployment, many promotion actions, and high model availability.
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Figure 10. Public charge points, promotion actions, model availability, and electric vehicle uptake.
(New vehicle registration data from IHS Automotive; charging infrastructure data from PlugShare)

Several observations emerge from Figure 10. Viewing the figure as four quadrants
around the 50-city average data point reflects relative gaps. Areas in the lower left
qguadrant have relatively limited sufficient charging infrastructure, fewer promotion
actions, and relatively low model availability, and these areas tend to have less electric
vehicle uptake than the U.S average. In contrast, the largest circles (highest uptake)

are generally green and clustered in the upper right quadrant, reflecting high model
availability, strong public charging infrastructure, and many promotion actions. Austin
and Baltimore in the upper right quadrant have an above-average number of promotion
actions and public charging infrastructure and could benefit from greater model
availability. Areas in the upper left quadrant (e.g., Kansas City, Nashville, Indianapolis)
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are relatively behind in promotion actions, and model availability tends to be relatively
limited in these markets. Areas in the lower right quadrant (e.g., Philadelphia, New York
City) could benefit from greater public charging infrastructure. The relationship between
these variables and electric vehicle uptake is further investigated in the statistical
analysis below.

Figure 11 summarizes electric vehicle uptake and each of the variables discussed above
across the 50 metropolitan areas: public charging infrastructure per million population,
model availability, consumer incentives, and number of promotion actions. The data for
the 50 metropolitan areas are ordered from top to bottom based on 2017 electric vehicle
uptake. The figure shows a general visible positive trend between electric vehicle share
and each of the variables. Overall, the areas with the highest uptake also tended to have
more extensive public charging infrastructure, a wider selection of electric vehicle models,
greater consumer incentives, and many state, city, and utility actions. The top 10 areas in
terms of electric vehicle shares tend to overlap with the top 10 areas for public charging
infrastructure (7 of top 10), workplace charging infrastructure (7 of top 10), model
availability (8 of top 10), incentives (8 of top 10), and promotion actions (9 of top 10).
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Figure 11. 2017 electric vehicle uptake, public charging infrastructure, model availability, incentives,
and promotion actions in the 50 most populous U.S. metropolitan areas. (New vehicle registration
data from IHS Automotive,; charging infrastructure data from PlugShare)

There are also some anomalies in Figure 11 where variables do not visibly follow the
generally positive trend with higher electric vehicle uptake. Kansas City stands out as
an area with substantial public charging infrastructure per capita, yet low uptake. Model
availability, consumer incentives, and promotion actions are each limited in Kansas City.
Those cities with relatively high consumer incentives for their electric vehicle uptake
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position either were implemented more recently (e.g., Buffalo), saw a more recent
change in the incentive design (e.g., Denver), or are more limited in availability and
promotion (e.g., New Orleans). As mentioned above, although the relatively high-uptake
Portland market lacked Oregon purchase incentives in 2017, drivers benefit from several
other programs, and incentives are now in place in 2018.

Figure 11 also helps to visualize the relative gaps in electric vehicle promotion activities.
For example, New York City has high model availability and promotion actions yet
relatively low public charging infrastructure availability. The Austin and Atlanta markets
have relatively high numbers of promotion actions, above-average public charging
infrastructure, and above-average model availability, but they lack the consumer
incentives of other markets. Baltimore, Boston, Buffalo, Hartford, and Providence

stand out as having substantial consumer incentives, strong year-over-year growth,
but still relatively low uptake. We note that the introduction and growing availability

of the Chevrolet Bolt, a relatively affordable long-range electric vehicle, led to that
model accounting for 31 to 59% of new BEV sales in these markets. These examples of
anomalies and gaps within Figure 11 collectively indicate that no single factor or two is
likely to drive market growth. Rather, a comprehensive package of extensive charging
infrastructure, high model availability, consumer incentives, and numerous promotion
actions is key to increase electric vehicle uptake.

STATISTICAL ANALYSIS

This section summarizes the results of our statistical analysis, in which we discern links
between the potential electric vehicle market drivers analyzed above and electric vehicle
uptake. We analyze the 200 most populous metropolitan areas where data are available,
as well as the 50 most populous metropolitan areas for which we have more detailed
data. The 200-area analysis includes data on model availability, incentives, and charging
infrastructure. The 50-area analysis includes the additional variables of HOV lane access
and total electric vehicle promotion actions. Although there are various consumer
preference and demographic factors that influence individual electric vehicle purchases,
this study is focused on the narrower question of the metropolitan area-level market
response to targeted electric vehicle policies and supporting actions. For the analysis
below, we conducted a stepwise multivariate linear regression using StatPlus software to
identify the best statistical fits among the factors researched above with electric vehicle
uptake (AnalystSoft, 2018a, 2018b).

The results from the statistical analysis are summarized in Table 4, showing relationships
between the variables with the strongest fits at both the 200- and 50-metropolitan area
levels. We conducted the analysis for BEVs, PHEVs, and both types combined as electric
vehicles (EVs) because this revealed additional statistically significant regressions

with additional nuanced differences that might be useful for comparison with other

data analyses for which separate BEV and PHEV data were unavailable. We report the
strongest statistical fits for each of the six regressions. Each column represents a unique
statistically significant regression with three to five independent variables (marked with
“X”) regressed against electric vehicle share.
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Table 4. Summary of significant independent variables for six statistical regressions on electric
vehicle shares in U.S. metropolitan areas.

200 U.S. 50 U.S.
metropolitan areas metropolitan areas
X X

Model availability, BEV

Model availability, PHEV X

Model availability, EV X X
BEV incentive X X

PHEYV incentive X

EV incentive X

Public charging per capita (Level 2) X X

Public charging per capita (DC fast) X X

Workplace charging per capita X X X X
High occupancy vehicle lane incentive X X
Total promotion actions X X
Regression adjusted R? 0.82 0.78 0.83 0.94 0.91 0.94

BEV = battery electric vehicle; PHEV = plug-in hybrid electric vehicle; EV = electric vehicle (including BEV and
PHEV); X = significant variable (p-value < 0.05).

For the regressions of the data for the 200 most populous metropolitan areas, we find
statistical fits for BEVs, PHEVs, and EVs, each with five independent variables. Each
includes model availability, consumer incentives, Level 2 public charging, DC fast public
charging, and workplace charging, and each had adjusted R? values of 0.78 to 0.83. For
each of the 50-metropolitan area regressions, workplace charging remains significant,
whereas model availability remains significant in the BEV and EV cases, and incentives
remain significant in the BEV case. The 50-metropolitan area regressions also show
significant links with HOV lane access value and total number of promotion actions. All
of the variables’ p-values were less than 0.05. The statistical fits help to explain more of
the variability in the 50-metropolitan area regressions (adjusted R? = 0.91 to 0.94). See
the Annex for additional details of the regressions.

As shown in Table 4, the three separate 200-metropolitan area regressions suggest

that incentives, public charging infrastructure (Level 2 and DC fast), workplace charging
infrastructure, and model availability are key factors for bolstering the electric vehicle
market. The three 50-metropolitan area regressions are more granular, as we collected
more data on more dimensions, especially on promotion actions, in the 50 metropolitan
areas. The 50-metropolitan area regressions indicate that model availability, incentives,
workplace charging, HOV lane access, and total number of promotion actions are
significantly linked with electric vehicle uptake. Two of the variables (model availability
and promotion actions) appear to nearly be approaching multicollinearity guidelines,
but there were no other collinearity questions. We also tested median household income
as an additional variable and found that income is not a significant independent variable
in the strongest statistical fits for any of the six regressions. Overall, the relationships
shown in Table 4 suggest that greater model availability, consumer incentives, public
and workplace charging, carpool lane access, and total promotion actions have been
important factors in the growth of the electric vehicle market.
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V. CONCLUSIONS

As summarized and analyzed in this assessment, many factors are helping to spur
electric vehicle growth in markets across the United States. The activities and policies
help to explain why the electric vehicle market is growing more quickly in some areas
than others. On the basis of our cataloguing of dozens of unique electric vehicle actions,
we ultimately find statistically significant relationships between the electric vehicle
share of new light-duty vehicle sales and model availability, consumer incentives, public
charging infrastructure, workplace charging infrastructure, high occupancy vehicle lane
access, and total electric vehicle promotion actions. The markets across the United
States with more of the underlying support activities are experiencing greater electric
vehicle market growth.

Our primary conclusion from this work is that electric vehicle market growth requires
many actions by many different players. Actions by various stakeholders are linked with
electric vehicle uptake. Local, state, and utility stakeholders are reducing consumer
barriers with policy, fiscal and nonfiscal incentives, infrastructure, and awareness
campaigns. The 10 states that have adopted the California ZEV regulation especially
catalyze the market, spurring expanded model availability and marketing. This provides
assurance of a growing market and is typically complemented with many local, utility,
and state actions. Beyond the leaders in California, we saw high 2017 market growth

of 35 to 91% in the ZEV markets of Baltimore, Boston, Buffalo, Hartford, New York, and
Providence. High electric vehicle uptake in non-ZEV markets such as Austin, Denver, and
Seattle also exemplify the importance of comprehensive action.

Several markets especially make it clear that no one or two actions are sufficient to grow
the electric vehicle market. Kansas City, for example, has among the most extensive
public charging infrastructure per capita but lacks incentives, model availability, and
promotion actions, and remains below the national average electric vehicle uptake.
Several markets such as Nashville, New Orleans, Pittsburgh, and Raleigh have substantial
consumer purchase incentives or offer HOV lane access as a perk but have limitations

in model availability and in various local electric vehicle promotion areas. Houston and
Philadelphia have adopted numerous local promotion actions, but incentives and public
charging infrastructure are especially lacking in these areas. Atlanta and Austin have
deployed charging infrastructure and utility actions but are largely without consumer
incentives and many of the city and state policies seen elsewhere. The above text and
Annex Table Al provide tangible examples where such actions are being implemented.

Growth in electric vehicle uptake starts with having a variety of electric models available
with increased range and utility. This research finds a clear statistical link between
electric vehicle model availability and uptake. The top five electric vehicle markets by
volume, representing nearly half of all U.S. electric vehicle sales, each had at least 28
available electric vehicle models in 2017. In contrast, across major U.S. markets, about
half of the population has access to 10 or fewer models, indicating how limited electric
vehicle exposure generally is. In addition, outside of the markets with high electric
vehicle uptake, many dealerships tend to have low inventories of electric models.

The expanded availability of the Chevrolet Bolt, a relatively affordable long-range
electric vehicle, serves as an important example. The Bolt in 2017 quickly accounted
for approximately 30 to 60% of all BEV sales in several high-growth markets, including
Baltimore, Boston, Buffalo, Hartford, and Providence. Newer entrants across more
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markets, such as the all-wheel-drive Mitsubishi Outlander PHEV and Chrysler Pacifica
minivan PHEV, are expanding the use cases for electric vehicles. The ZEV regulation,
as a result of changes in the 2018 model year, is expected to increasingly support the
northeastern and Oregon markets that have lagged California markets in available
models and uptake.

Even as electric vehicle costs continue to decline, consumer incentives remain important.
Since 2013, when electric cars with a range of less than 90 miles were priced around
$35,000, battery costs have greatly declined. This simultaneously opens up lower-cost
and increased-range options. Today, electric cars with a range of 150 miles cost several
thousand dollars less, and the 238-mile Chevrolet Bolt is priced at about $37,000 before
incentives. Even with this great progress, electric vehicle uptake continues to be linked
with incentives that reduce the effective electric vehicle cost. Nine of the top 10 major
metropolitan areas with the highest electric vehicle uptake offered consumer incentives
typically worth $2,000 to $5,000. Consumers in California markets, Denver, and Seattle
have benefited from substantial purchase incentives. Counterexamples with the removal
of such incentives and/or imposition of electric vehicle fees (e.g., Atlanta, Detroit,
Indianapolis, Memphis, Nashville, Salt Lake City) stand out as rare markets with declining
2017 electric vehicle uptake.

Electric vehicle adoption and various types of charging infrastructure grow in unison.
Public regular, public fast, and workplace charging are each linked with electric vehicle
market uptake. These relationships remain complex and multidirectional: Infrastructure
increases electric vehicle awareness and driver confidence, and more electric vehicle
users increase demand for infrastructure. In our continued effort to identify evolving
benchmarks to inform local markets, we find that markets with high electric vehicle
uptake have at least 300 public charge points per million people in 2017. As evidence
of how many markets lack sufficient electric vehicle charging infrastructure, half of the
U.S. population lives in a market where available charging is at least 70% lower than
this benchmark. About 10 to 20% of the available public charging is fast charging in the
top electric markets. In addition, new to this report, we find that top electric markets
tend to have at least 100 workplace charge points per million people and that public
and workplace charging each play key roles in opening up the electric vehicle market.
Further research into how best to deploy charging infrastructure as the electric vehicle
market and its infrastructure coevolve is warranted.

The implications of this work are broader than simply the direct local and state U.S.
actions analyzed above. Given the increasingly uncertain federal U.S. policy on vehicle
efficiency, city, state, and utility actions will take on additional importance in maintaining
growth in the market. Governments globally continue to learn from each other’s policy
and market experiences. The larger electric vehicle sales markets of Europe and China
provide similarly rich natural experiments in how the various market, policy, incentive,
and infrastructure actions are driving growth. For example, the cities in this report with
the highest electric vehicle uptake are in the middle of the pack among the world’s
top markets that are developing their own electric vehicle playbooks to accelerate the
market (Hall et al., 2017). The collective adoption of similar actions to help overcome
barriers will help all regions around the world to meet their air pollution, climate, and
fuel-saving goals sooner.
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ANNEX

Table Al. Representative electric vehicle promotion actions.

Example and link

State ZEV program State California - Zero Emission Vehicle Program

State International ZEV Alliance participation State

State low carbon fuel policy State

State BEV purchase incentive State

State PHEV purchase incentive State

State increased incentive for low-income consumers State

State fee reduction or testing exemption State

No state annual electric vehicle fee State

State private charger incentive, support State

State public charger promotion State

State parking benefit State

State fleet purchasing incentive State

State manufacturing incentive State

State allows direct sales to consumers State

City electric vehicle strategy Local

Streamlined EVSE permitting process Local

EV-ready building code Local

City vehicle purchase subsidy Local

City parking benefit Local

City EVSE incentive, support Local

City carpool lane (HOV) access Local

City-owned EV chargers Local

Workplace charging Local

City carsharing program link Local

City informational materials Local

City outreach events Local

City outreach events in low-income communities Local

City electric vehicle fleet target Local

City use of electric buses in public transportation Local

Utility charging pilot or other research Utility ~ Birmingham, Alabama - Alabama Power Electric Transportation
Utility public charging infrastructure Utility  Kansas City, Missouri - Clean Charge Network

Utility public charging infrastructure in low-income communities  Utility =~ San Diego, California - SDG&E to install thousands of EV chargers
Utility time of use rates offered Utility  Detroit, Michigan - Electric Pricing Options

Utility preferential EV rates Utility  Atlanta, Georgia - Georgia Power Plug-in Electric Vehicle Rate
Utility EV or EVSE incentive, support Utility  Austin, Texas - Austin Energy - Plug-in Austin

Utility increased incentives for EVSE at multifamily properties Utility  Austin, Texas - Austin Energy - Multifamily Properties

Utility info materials or outreach events Utility  Baltimore, Maryland - Baltimore Gas and Electric - Electric Vehicles
Utility EVSE informational materials for multifamily properties Utility  Seattle, Washington - EV service equipment for multi-family housing
Utility cost comparison tool Utility Dallas, Texas - Oncor - EV Savings Calculator

Utility electric vehicle fleet Utility San Francisco, California - PG&E to Step Up Addition of EVs
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Table A2. Summary of six multiple linear regressions for electric vehicle uptake.

50-metropolitan area regressions

Independent variable Coefficient | Standard error | T statistic m“

Workplace chargers per

or . 0.0000800  0.0000044 1818 0.00000 0770
Battery million population
electric -
Sehicle share Model availability (BEV) ~ 0.0007500  0.0001900 3.97 0.00025 0189
Incentives (BEV) 0.0000009  0.0000003 2.71 000943 0133
) Workplace chargers per 406400 0,0000036 9.73 0.00000  0.545
Plug-in million population
e Number of promotion
electric y P 0.0004800  0.0000600 8.72 0.00000  0.448
vehicle share 23¢tons
HOV lane access 0.0000013  0.0000005 2.51 0.01553 0141
Workplace chargers per — , yh01500  0,0000075 15.56 0.00000  0.693
million population
Electric MU SE? G1F Pl e 0.0005200  0.0001900 2.69 000993 0189
vehicle share actions
Model availability (EV) ~ 0.0003700  0.0001700 2.20 003339 0150
HOV lane access 0.0000025 0.00000M 2.31 0.02541 0103

200-metropolitan area regressions

Independent variable Coefficient | Standard error | T statistic mn

Workplace chargers per

or _ 0.0000700  0.0000049 13.32 0.00000  0.509
million population
Public Level 2 charters 1100500 0.0000037 6.20 0.00000  0.268
Battery per million population
electric I
vehicle share Model availability (BEV)  0.0005400  0.0001200 454 0.00001 0172
Incentive (BEV) 0.0000009  0.0000002 410 0.00006 0137
Public DC fast chargers 750400 0.0000200 2.40 002038  0.086
per million population
Public Level 2 charters 105500 0.0000028 8.07 0.00000  0.382
per million population
) Workplace chargers per 5450700 0,0000038 6.50 0.00000  0.276
Plug-in million population
hybrid .
electric Public DC fast chargers 1, 1055800 0.0000100 6.29 0.00000  0.252
vehicle share  PS million population
Model availability
0.0002200  0.0000600 4.01 0.00009 0157
(PHEV)
Incentive (PHEV) 0.0000008  0.0000002 3.84 0.00009 0136
Workplace chargers per 4065900 0,0000080 1.39 0.00000  0.427
million population
Public Level 2 charters 1055500 0.0000059 7.86 0.00000  0.330
. per million population
Electric
P GeELE [ RUSTE DE B GRS | 6 semien | a@oeeeue 4.45 0.00001 0159

per million population
Incentive (EV) 0.0000019 0.0000004 4.65 0.00001 0.149
Model availability (EV) 0.0003100 0.0000800 410 0.00006 0.147






