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Abstract
Electric vehicles (EVs) are a way to reduce greenhouse gas emissions from transportation, but
low consumer adoption rates present a challenge. In order to understand what factors may
facilitate EV adoption, a comparative analysis of three U.S. states was performed. These states
have the highest rates of EV adoption in the country. Thus, studying them provided insights into
what may make EV adoption successful. California, Hawaii, and Washington are the states with
the highest EV adoption rates. Based on previous research, a list of 12 characteristics that may
influence EV adoption was compiled and applied to each state, focusing on what may impact
human behavior. Each of these characteristics was applied to the three states. The results
revealed that key features related to EVs in these states that could be applied to other states in an
effort to increase adoption rates. Key features include high quantity and quality of climate
change legislation, high quantity and quality of EV-supportive legislation, urban areas in large
cities, highly developed public charging infrastructure, higher-than-average median household
income, and positive individual attitudes toward EVs. Many of these may be applied to other

states. Considering a new EPA policy that outlines EV sales targets and emissions reductions



targets, motivation exists for states to increase EV adoption. EVs are here to stay, so unlocking

the environmental benefits rests on improving states’ abilities to facilitate EVs.
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Introduction
Background

The purpose of this study is to explore the behavioral barriers and facilitators to electric
vehicle (EV) adoption. EVs are a way to mitigate fossil fuel emissions from vehicles, as they
have no tailpipe emissions (U.S. Department of Energy Alternative Fuels Data Center, n.d.-c).
Lower emissions also lead to better air quality, and EVs are associated with this benefit to human
health (Choma et al., 2020). However, slow public acceptance of EVs may stand in the way of
the environmental benefits. Studying the barriers and facilitators to EV adoption may provide
insight into how to improve adoption rates, thus providing direction for improving EV sales and
charging infrastructure and a more sustainable transportation sector.

This research topic is significant because of its implications for understanding barriers
and facilitators to other pro-environmental behaviors. Conclusions regarding factors that affect
consumer adoption of EVs may be similar across other climate change mitigation or adaptation
efforts. This could provide explanations for behavior and avenues of recourse. Research about
barriers and facilitators to EV adoption exists, but much of it focuses on the technological
components. Only some of it examines the human perception and behavior aspects. This study
aims to consider the impact various characteristics have on EV adoption in terms of human
behavior by comparing three successful states, providing insight into how this success may be
applied to other states. This analysis has the potential to increase EV adoption and improve
sustainability in the transportation sector. Overall, this research will help to understand what is
influencing EV adoption rates and what needs to be changed.

An especially important development in the conversation surrounding EVs in the United
States is a new policy from the Environmental Protection Agency (EPA). The Multi-Pollutant

Emissions Standards for Model Years 2027 and Later Light-Duty and Medium-Duty Vehicles



policy sets new lower greenhouse gas emissions standards, building on previous standards.
Light-duty vehicles refers to the passenger vehicles used in a civilian’s everyday life, and
medium-duty vehicles are larger-scale vehicles that aren’t quite the size of a semi-truck. This rule
applies to new vehicles with model years from 2027 to 2032 and emphasizes alternative fuel
vehicles such as EVs, and although it has been finalized, it is still in pre-publication
(Environmental Protection Agency, 2024b). Within the standards, the EPA has identified multiple
pathways for decreasing emissions through the use of alternative fuel vehicles. In these
scenarios, by 2032, either 35%, 43%, or 56% of light-duty vehicle sales in the U.S. will be EVs
(Environmental Protection Agency, n.d., p. 47). While this is not a requirement, it is a standard
that the federal government is seeking to meet. There will be a push for states to improve EV
adoption rates. With states looking to improve EV adoption rates, the results of this study will
provide insights from states that have already had increased EV adoption rates.

Electric vehicles are unique in that they have zero emissions. EVs run on electric motors
and batteries. The electric motor powers the vehicle, whereas an internal combustion engine
powers traditional vehicles. The electric motor is powered by a battery that is recharged by a
plug-in charger, while traditional vehicles consume gasoline (U.S. Department of Energy
Alternative Fuels Data Center, n.d.-e). The use of electricity to power the vehicle avoids the
burning of gasoline that releases greenhouse gases into our atmosphere, thus mitigating climate
change. EVs are a more sustainable alternative to conventional gasoline vehicles because they
receive their power from charging a battery as opposed to consuming fuel and releasing
emissions (U.S. Department of Energy Alternative Fuels Data Center, n.d.-e).

EV adoption rates are still low, though. As of September 2023, electric vehicles
accounted for 6.7% of vehicle sales in the United States (Dwyer, 2023a). These low rates of EV

adoption and ownership mean that climate change mitigation will be less effective. Although this



rate of adoption has been improving, most Americans have poor attitudes toward EVs in general.
In a Gallup poll of Americans, 61% said that electric vehicles help address climate change “only
a little” or “not at all” (Brenan, 2023). The same poll also found that 4% of respondents owned
an EV, and only 12% of respondents were “seriously considering” purchasing an EV (Brenan,
2023). A Pew Research Center poll found that 50% of Americans are “not too” or “not at all”
likely to “seriously consider” buying an EV, while 38% said they were “very” or “somewhat”
likely to do so (Spencer et al., 2023). From this, it can be concluded that Americans attitudes
toward EVs are not generally positive.

The implications of this are significant. If someone has a negative perception of EVs, it
can be assumed that they are unlikely to buy an EV. At a large scale, this would stand in the way
of the environmental benefits EVs provide. The transportation sector contributes the most to
greenhouse gas emissions, and passenger vehicles make up the majority of that sector
(Environmental Protection Agency, 2023). There is a large opportunity for intervention here, but
that opportunity is lost if negative perceptions keep adoption rates down. The present study aims
to explore what factors impact these attitudes and what can be done overall to increase adoption
rates and decrease transportation emissions. The specific research questions in this study are as
follows:

RQ1: What are facilitators to EV adoption in places where it has been successful?

RQ2: What can be learned from places where EVs have been successfully adopted?

RQ3: Given what is known about human behavior in the context of EV adoption, how

can this be applied going forward?

Before these questions can be addressed, however, previous research in this field must be

considered.

Literature Review



Beyond the technical and scientific problems of EV adoption and climate change at large
lies the matter of social and human behavior. The role of communication is important to consider
in this realm because of its ability to impact consumer perceptions and behaviors and because of
the strategies that may be applied to EV communication. The role of communication in climate
change is discussed, along with barriers to EV adoption related to perceptions and thought
processes and examples of EV adoption success, including what contributed to the success and
the implications for communication surrounding EV policy and marketing.

The Role of Communication in Climate Change

The ways climate change is communicated about in our society influences and shapes
perceptions of the issue, which has implications for whether the issue is confronted or ignored.
Many studies have examined the impact on climate change communication on perceptions and
beliefs. Sanders and others (2022) found that perceptions of the government’s ability to confront
climate change can impact citizens’ perception of the issue, along with ideology and political
affiliation. To effectively communicate about climate change and to increase concern about the
issue, communication should consider associated political ideologies and affiliations and the
various ways they interact with perceptions (Sanders, 2022). These elements of personality hold
significance when considering the impact of climate change communication. Personal values are
also important to consider when communicating about climate change, as they can influence how
climate change information is received and processed, which then affects attitudes (Z. Yang et
al., 2014). Communication that takes this into account may lead to more serious perceptions of
climate change. Another important consideration is media communication about climate change.
Concerning climate change mitigation policy, it was found that perception of the impact of media

communication on others was significant in increasing personal attention on the issue (X. Yang et



al., 2021). Communication can influence how climate change policy messages are received and
reflected upon, which is significant in increasing support for climate change mitigation.

Many have also studied the impact of communication on intention to act and on
behaviors associated with climate change. Despite the influence attitudes toward climate change
can have on the issue, intent to act and behaviors hold even more significance toward the matter.
Therefore, studying how communication can influence pro-environmental behavior is necessary.
Message framing is a strategy that has been found to play a significant role. It has been found to
influence intention to engage in pro-environmental behavior more than it influences climate
change engagement, although specific frames were found to be stronger than others (Li & Su,
2018). Framing concerning the economy, the environment, and morality in terms of climate
change had the largest impact on intentions to engage in pro-environmental behavior Li & Su,
2018). Other research has found that message frames that personalize climate change influenced
pro-environmental intentions (Shih & Lin, 2017). The same study also found that information in
the message about the issue was not enough to elicit actions, and that the addition of information
that outlined opportunities to act was what spurred intention to act. Liang and others (2017) also
studied the impact of specific message strategies on climate change behavior. Intention to
conserve water was greater when specific message strategies were applied, meaning that
effective climate change communication can increase pro-environmental behavior, but it must
take into account concerns and values of consumers. Similar to influencers of attitudes and
perceptions, consideration of personal values when communicating about climate change is
important in increasing pro-environmental behaviors. Specifically, framing the issue in ways that
acknowledge personal values holds potential for increased engagement.

Consumer Perceptions of Electric Vehicles: Barriers That Influence Adoption



Consumer perceptions of electric vehicles play an important role in EV adoption. Positive
perceptions may lead to more widespread adoption, while negative perceptions can limit
adoption. Thus, in order to improve adoption rates, it is important to consider what perceptions
exist and the factors that influence those perceptions.

Many studies have analyzed the barriers to EV adoption. One common barrier is range
anxiety. Consumers worry that the range of an EV battery is too short and won’t fit into their
driving habits (Krishna, 2021). Lack of available charging is another concern, especially since
EV infrastructure in the United States is still developing (United States Department of Energy,
2023). Research found that there is not enough attention focused on the planning of charging
infrastructure, which can greatly impact the logistics of EV adoption (Kovaci¢ et al., 2022). The
amount of time it takes to charge EVs is another concern, along with price (Krishna, 2021).
While is important to consider the impact of these technical concerns, it is also necessary to
consider the social and behavioral concerns regarding that influence EV adoption. Doing so may
inform communication, marketing, and policy decisions.

Many of the barriers detailed in research can be categorized as perception barriers in that
the primary issue may not be the concern itself, but consumers’ perceptions of that concern. As
mentioned above, range anxiety is a barrier. While range is important, Franke and Krems (2013)
found that perceived range needs were higher than actual range needs. Skippon (2014) concluded
that perceived poor performance compared to conventional vehicles is a barrier. Brase (2018)
also found perceived poor performance of EVs to be a notable barrier. The actual performance
gap is not the issue here; rather, perception is the main barrier. In fact, EVs have the potential to
outperform conventional vehicles (Skippon, 2014; Krishna, 2021). Other barriers include the
perception that EVs are not an environmentally beneficial alternative to conventional vehicles

because of the mining used to source the lithium for batteries and the fact that energy needed to
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power EVs will still create emissions due to the burning of fossil fuels during generation
(Krishna, 2022). Along with improving the sourcing and the emissions associated with charging
an EV, these negative perceptions need to be addressed if EVs are to become widely adopted.
Aesthetic perceptions also pose a barrier. Krishna (2022) found that EVs are perceived to lack
“fun” compared to conventional vehicles, and the look of many EVs also has a negative
perception. Brase (2018) found that participants were concerned about what ownership of an EV
might communicate about their “personal values.” The thing that all of these barriers have in
common is a negative perception of EVs, which reflects that it is necessary to consider the social
and behavioral elements at work.

These perceptions have the potential to impact EV adoption, so the extent to which they
can be influenced is important to consider. Druckman and Bolsen (2011) found that when a new
technology is introduced to the public, perceptions were not influenced solely based on facts, as
was previously assumed. Perceptions were found to lead to biases, which in turn meant that the
introduction of factual information did not impact initial perceptions. While this study focuses on
perceptions of carbon nanotubes and genetically modified foods, its implications for perception
formation are relevant to emerging EV technology. In the context of electric vehicles, negative
perceptions and biases will not be influenced simply by providing information about the
environmental benefits of EV adoption. Hart and others (2015) also studied factors that influence
perceptions, concluding that deeper feelings of media bias intensify existing perceptions. With
the large amount of polarization present in today’s society, perceived media bias can work to
make perceptions even more difficult to influence, which necessitates finding ways to overcome
perception barriers.

Overcoming Barriers to EV Adoption
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To address barriers to EV adoption and to reinforce facilitators, it is helpful to look at
places where EVs have been adopted and the factors that challenged and facilitated success.
Many studies have analyzed these factors, providing implications that could impact other
locations. Norway has emerged as a leader in the EV transition, with high rates of adoption
(64.5% of new car sales), proving to be a mature market (A. Yang et al., 2023). Thus, lessons
learned may be provide insight into increasing adoption rates. The authors found that facilitators
of EV adoption include urban areas, higher incomes and money-saving incentives, while barriers
include concerns about the impact of local temperature on battery health, cost of EVs, and
increased elderly population. An interesting takeaway is the importance of charging
infrastructure in adoption consideration. In a mature market, concerns about infrastructure
became less important as infrastructure grows and becomes more common (A. Yang et al., 2023).
The study also found that, despite older populations’ lower likelihood of EV adoption, the
number of older drivers is on the rise in Norway, creating an opportunity to target education and
communication toward older people (A. Yang et al., 2023). Adopters tend to be middle-aged, but
rates of young people adopting EVs is also increasing. Based on the case study of Norway, a
mature EV market, potential improvements to EV communication, marketing, and policy may
lead to increased adoption in other countries.

The case study of Ireland also offers insights into EV adoption, especially focused on
early adopters. Similar findings exist concerning barriers and facilitators to adoption. Urban
areas had increased rates of adoption, likely associated with higher incomes and higher rates of
education that exist in those areas; in turn, higher rates of adoption in urban areas also had the
potential to trigger adoption in nearby areas, creating a “spillover effect” (Mukherjee & Ryan,
2020). Higher rates also were found in suburban areas, which may also be associated with higher

incomes and longer commutes that would increase cost savings (on gas) over time (Mukherjee &
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Ryan, 2020). Another reason for this relationship is the increased availability of off-street
parking where a charger could be installed, pointing to suburban areas as facilitators and urban
areas with more apartments and fewer dedicated spots as a barrier (Mukherjee & Ryan, 2020).
Increased adoption is generally associated with urban areas, so this finding provides insight into
how adoption may be increased in suburban areas. The study also found that another important
facilitator was incentives that provide money or rebates for EV owners, which acts as an area of
policy improvement. The case study of Ireland provides important insight into factors that inhibit
and support adoption, again providing applications for improvements.

Finally, New Zealand’s experience with EV adoption is another source of information on
EV adoption barriers and facilitators. Researchers interviewed New Zealand drivers, including
both EV owners and non-EV owners, to better understand consumer behavior related to EVs.
New Zealand was considered an appropriate case study because of government policies
introduced in 2016 that encouraged EV adoption (Broadbent et al., 2021). The authors found
there were a variety of attitudes and views among consumers, which means there is no single
way to target consumers. To accommodate this, drivers were grouped into categories related to
their likelihood to adopt an EV. “EV Positives” were found to be those most likely to adopt EVs,
after the early adopters who already own EVs, meaning they are the most important group to
target (Broadbent et al., 2021). Facilitators to EV adoption included government incentives that
decreased the price, fuel cost savings, and widespread availability of off-street parking
(Broadbent et al., 2021). Barriers included EV range, perceptions of high cost, uncertainties
about charging and infrastructure, and the long-term value of EV batteries (Broadbent et al.,
2021). To address these barriers, the authors proposed four recommendations: increase
implementation of government incentives that will lower the cost of EVs (and increase

awareness of these incentives), increase government funding to improve charging infrastructure,
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improve consumer perceptions of EVs by reframing them in terms of cost savings and “lifestyle
gains,” and increase EV access and availability (Broadbent et al., 2021).

Through a review of relevant literature, it was found that communication can impact
attitudes and behavior toward climate change, especially when framing is employed. Another
finding is that a significant barrier to EV adoption concerns negative perceptions held by
consumers, regardless of the fact in question. This human behavior barrier may benefit from
strategic communication, as indicated by the case studies of Norway, Ireland, and New Zealand.
Thus, the need for a comprehensive review of the barriers and facilitators to EV adoption is
warranted.

Methods

This study follows a case study research design and utilizes a comparative analysis to
understand barriers and facilitators to EV adoption. A case study research design provides an in-
depth look into a situation which can then be explored in the context of the real world (Crowe et
al., 2011). This study examines three U.S. states that have had the most experience with EV
adoption—one case study for each city. The value of a case study design in this study is evident.
EVs have not had widespread adoption success. There are fewer locations to analyze, which is
where a case study is useful. Case studies were utilized in the literature review, as they provide
specialized information that may be applied to other situations and locations. Those case studies
focused largely on countries, so this study focuses on places within the United States in order to
provide more specific and relevant insights.

The first step in completing this analysis was to identify the states that were to be
compared. To do this, states with adoption rates above the national average were selected. EVs
accounted for 6.7% of new vehicle sales in 2023, but this same data was not available on a state-

by-state basis. Instead, data describing EVs as a percent of total vehicle registrations in the state
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were used. The most recent year data was available is 2022. Since the market share of EVs based
on total vehicles in the country, the percent of EVs is smaller than the percent EVs make up as
new sales. However, total market share of EVs still provides an adequate way to identify places
where EV adoption is higher than the national average because it is proportionate to each state,
and it has shown change over the past years.

The three states with the highest market share of EVs, California, Hawaii, and
Washington, were selected for comparison. The number of states chosen (three) was decided on
in order to provide an in-depth analysis while still considering the timeline of this research. Since
these states have the highest market shares, it can be assumed that they have been more
successful in adopting EVs than other states. To explore the factors that may have impacted this
adoption rate, many characteristics were considered. Guidance for factors to consider was taken
from articles in the literature review that detailed case studies of other countries (Broadbent et
al., 2021; Mukherjee & Ryan, 2020; A. Yang et al., 2023). Characteristics used in this research
were narrowed down to include those present in previous studies that analyzed successful
adoption in Ireland, Norway, and New Zealand. These studies had a similar aim to the present
research studies, so they provided insight into which characteristics to focus on when considering
what impacts EV adoption.

To identify the data, an online search engine was used. Search terms included the words
used for each category, such as “electric vehicle state legislation” or “state climate policy.”
Credible sources were then determined. While collecting data for the three different states,
sources were determined based on their credibility, and data was collected from the same source
for the different states, when possible, to ensure uniformity of data. Data was also narrowed
down to only include information about fully electric vehicles (as opposed to hybrids or other

forms of alternative fuel vehicles) to comply with the scope of this analysis. A source was
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determined credible if it was a part of a government website (e.g., a .gov site) or if it was
associated with a recognized organization, such as a university, or official publication, such as a
newspaper.

EV adoption characteristics analyzed from each state include:
e State EV incentives, regulations, and legislation
e State climate change mitigation/adaptation efforts
e Average price of gas
e Climate and average temperature
e Number of public EV charging stations
e EVincentives from electric utilities
e Population
e Number of metropolitan statistical areas (MSAs) and urban vs. rural populations
e (Concentration of registered EVs
e Median household income
e Median household income of EV owners

e Attitudes toward EVs
To compare and frame this information in a useful way, the social ecological model was
applied to the analysis. The social ecological model is a framework used to address
socioecological issues and human behavior (Lee et al., 2017). Below, Figure 1 shows a version
of the social ecological model from the Centers for Disease Control and Prevention (2022).

Figure 1
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The Social Ecological Model

Individual Relationship Societal

Figure 1. Chart describing the social ecological model. From The social ecological model, by
Centers for Disease Control and Prevention, 2022,

https://www.cdc.gov/violenceprevention/about/social-ecologicalmodel.html.

The social ecological model consists of multiple interacting spheres. The model is set up
with overlapping categories to reflect the interconnected factors that influence individual
behavior (Centers for Disease Control and Prevention, 2022-a). The value of this framework is
that it provides a way to consider how human behavior is influenced. It recognizes that there are
multiple levels of influence, that these influences are intertwined, and that a system-level
approach across these spheres may be more effective at influencing individual behavior (Lee et
al., 2017). Since EV adoption is a human behavior, the multiple spheres of influence can be
considered in order to understand how it may be influenced and increased.

According to the CDC, the broadest category, societal factors, are the broadest influences
on individuals, which may include social norms and attitudes, public policies, and other
regulations (2022). The CDC describes the next category, community, as places and groups
where people socially interact with others and the associated characteristics. This could include
schools, workplaces, or other organizations. The third category is relationships, which covers
interpersonal relationships that influence behavior, such as family and friends, and the individual

sphere refers to individual factors that may influence behavior (Centers for Disease Control and
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Prevention, 2022). These individual factors include experience, attitudes, and knowledge. The
data from this research was sorted into one of the four categories of the social ecological model
based on the associated description. This provided the structure for the comparative analysis of
the factors of EV adoption in California, Hawaii, and Washington.
Results

Eight states had EV market shares higher than the national average market share. States
were sorted according to the market share of EVs in 2022 as a percentage, which was rounded to
the nearest tenth by the data source. According to data from the U.S. Department of Energy’s
Alternative Fuels Data Center, the average market share of EVs in the U.S. in 2022 was 0.9%
(n.d.-f). Any state with a higher market share percentage was separated from the list, for a total

of eight states.

e California (2.5%)

e Hawaii (1.8%)

e Washington (1.5%)

e Nevada (1.3%)

e New Jersey (1.2%)

e Oregon (1.2%)

e Colorado (1.1%)

e Arizona (1%)
(U.S. Department of Energy’s Alternative Fuels Data Center, n.d.-f)

California, Hawaii, and Washington were selected as the states to be compared. A table

containing the results below can be found in the appendix. Each state was compared according to
the EV adoption characteristics previously determined and sorted based on the categories of the

Social Ecological Model. Societal-level characteristics include state EV incentives, regulations,
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and incentives and state climate change mitigation/adaptation efforts. These are all factors that
may affect human behavior at a broad level. The next sphere of influence is the community-level
factors, which include the price of gas, climate of the state, charging stations, population, cost of
living, concentration of urban vs. rural population and number of MSAs, and EV incentives from
electric utilities. All of these factors still affect human behavior at a larger scale, but it is more
specific to the community or city in the state. The next sphere of human behavior influence is the
relationship level. Characteristics that would fit into this category were not uncovered in this
research. The purpose of this research was not to analyze interpersonal interactions regarding EV
adoption, so this does not necessarily negatively impact this research. The final sphere of
influence includes individual characteristics. In this research, average resident income and
attitude toward EVs make up this category. These are existing characteristics that are unique to
an individual which also impact human behavior. The three states were all found to be conducive
to EV adoption based on all of these characteristics and how they impact human behavior at
different levels.
California
Societal-Level Characteristics

The first factor considered that facilitates EV adoption at the societal level considered
was legislation put in place at the state level regarding electric vehicles that may encourage EV
adoption. A list of laws and incentives from every state was obtained from the U.S. Department
of Energy’s Alternative Fuels Data Center, which provides a list of laws and incentives regarding
EVs for any given state. California currently has 57 state laws and regulations and 32 state
incentives regulations as of March 4, 2024 (U.S. Department of Energy Alternative Fuels Data
Center, n.d.-b). These incentives and regulations address multiple aspects of EV adoption.

Almost half of the state laws and regulations are a part of the state’s Zero-Emission Vehicle
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(ZEV) program. The ZEV program, first implemented in 1990, regulates vehicles sold in
California based on set emissions standards, and it is currently on track to require all vehicles
sold in California to have zero emissions by 2035 (California Air Resources Board, n.d.). One of
the two types of zero-emission vehicles is the EV. California laws and regulations pertaining to
the ZEV program cover sales requirements, support and promotional plans, infrastructure
requirements, deployment plans, production requirements, and opportunity for stakeholder
engagement (U.S. Department of Energy Alternative Fuels Data Center, n.d.-b). The other laws
and regulations cover fleet electrification requirements, charging infrastructure and access,
guidelines, signage and awareness of chargers, and regulations for incentives. The laws and
regulations in California regarding EVs are comprehensive and extensive.

State incentives are also numerous. California has a total of 32 incentives sponsored by
the state, and about 1/3 of incentives provide money for fleet and commercial electrification, 1/4
of incentives provide money for commercial and public charging infrastructure, and the rest
provide financial manufacturing and maintenance support, other privileges such as parking and
commuter lane exceptions, and money to support overall EV implementation (U.S. Department
of Energy Alternative Fuels Data Center, n.d.-b). Most of the incentives are financial incentives
that encourage charging infrastructure and commercial adoption.

The other societal-level characteristic is the efforts each state has undertaken in response
to climate change, which may provide a sense of whether the state is committed to addressing
climate change. California finalized a state-led climate plan in 2009, which has been reevaluated
and updated every 3 years since 2014, and it currently has 35 pieces of state law and policy, 41
state agency plans, and 27 other resources (Georgetown Climate Center, 2018). The total number
of resources regarding climate change mitigation and adaptation in California is 103. The state

laws and policies that have been implemented generally cover ways to make the state more
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resilient to climate change. The legislation includes funding for climate action and associated
preparedness and protection projects that concern coastal and ocean health, wildfires, ecosystem
and wildlife health, environmental justice, water management, emissions targets, sea-level rise,
and community health (Georgetown Climate Center, 2018). The state agency plans include
policies and programs that assist with the implementation of state legislation, 14 of which cover
the transportation sector, and the 27 other resources are additional resources that may aid in
implementation, such as planning guides, program funding, assessments, progress reports, etc.
(Georgetown Climate Center, 2018). Overall, these numerous and comprehensive resources
reflect the commitment to climate change adaptation and mitigation in California.
Community-Level Characteristics

At the community level, California has multiple factors that facilitate EV adoption. This
is also the level that happens to include factors that are not easily changed by human action:
price of gas, climate of the state, population, and concentration of urban vs. rural population. In
California, the average price of gas per gallon on March 18, 2024, was $4.91 (Smith, n.d.). EVs
do not use gas to operate, thus making them attractive in terms of gas savings. Gas prices
fluctuate daily, so the average gas price for regular gas on the day the data was collected was
used. This was the state with the highest price per gallon gas on the day of data collection, and
past data affirms California as the state with the highest gas prices (Smith, n.d.). Climate may
impact EV battery health and performance and therefore influence a person’s decision to adopt
an EV. Cold weather can drain an EV’s battery faster, leading to a lower driving range and lower
energy efficiency, but constant high temperatures may prematurely degrade a battery if the
vehicle is left without cover (like a garage) (Yuksel & Michalek, 2015). California’s general
climate is moderate. The average annual temperature in California is in the mid 60s, although

temperatures may exceed 100°F in the summer (Encyclopedia Britannica, n.d.-a). Thus, charging
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and range is not (regularly) affected by the temperatures, and battery degradation is not a
frequent concern.

Population and its concentration may affect EV adoption in terms of ease of charging and
range concerns. Urban areas facilitate adoption because of the shorter distances to charge and
stronger charging infrastructure. The population of California is approximately 38,965,193,
making it the most populous state (U.S. Census Bureau, n.d.). This population is largely
concentrated in metropolitan statistical areas (MSAs), places with at least one urban area with a
population of 50,000 or more with close social and economic ties among the surrounding area
(U.S. Office of Management and Budget, 2023). 94.2% of California’s population lives in urban
areas, while 5.8% live in rural areas (Johnson & Cuellar Mejia, 2024). California has a total of
29 MSAs (U.S. Office of Management and Budget, 2023). These larger areas appear to be
facilitators of EV adoption. The 20 zip codes in the state with the highest EV registrations are
either in the Bay Area (San Francisco MSA) or Los Angeles/Orange counties (Los Angeles
MSA) (Lopez & Yee, 2023).

California also has community-level influences that can be affected by human action.
Charging infrastructure is one of those influences. Stronger infrastructure facilitates EV
adoption. California has 43,898 individual public charging ports among 15,753 public charging
stations (U.S. Department of Energy Alternative Fuels Data Center, n.d.-a). Incentives from
community electric utilities can also promote EV adoption. There are 48 utility and/or private
incentives in California (U.S. Department of Energy Alternative Fuels Data Center, n.d.-b). Half
of these incentives promote charging installation (split mostly evenly between the residential and
commercial level), nine concern financial incentives for residential EV purchases, 5 concern
financial incentives for commercial/fleet EV purchases, 11 provide financial savings on

electricity rates for customers, and one provides money for charging infrastructure support in
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general (U.S. Department of Energy Alternative Fuels Data Center, n.d.-b). Both residential and
community EV support can be beneficial to EV owners (i.e., commercial charging infrastructure
for individuals). Finally, local and regional climate change adaptation and mitigation plans can
also support EV adoption, since EVs are a form of climate change mitigation. California has 44
local and regional plans that address climate change based on the characteristics of the
community. 25 different communities have at least one plan to address climate change.
Individual-Level Characteristics

Income and attitudes toward EVs are both individual characteristics that can affect EV
adoption. Higher incomes facilitate higher adoption rates, since EVs are, on average, more
expensive than traditional gasoline vehicles even though EV fuel costs are lower (U.S.
Department of Energy Alternative Fuels Data Center, n.d.-c). The median household income in
California in 2024 is $84,907 (World Population Review, n.d.), but the median household income
in the 20 zip codes with highest EV registrations ranges from $109,704 to over $250,000 (Lopez
& Yee, 2023). Positive attitudes toward EVs also facilitate adoption. In California, 75% of
respondents have a “very positive” or “somewhat positive” opinion of EVs, 15% have a
“somewhat negative” or “very negative” opinion, and 10% aren’t sure (Climate Nexus, 2021-a).
Hawaii
Societal-Level Characteristics

Hawaii has 15 state laws and regulations and 3 state incentives regarding electric vehicles
(U.S. Department of Energy Alternative Fuels Data Center, n.d.-d). State legislation is focused
on supporting the transition to EVs at multiple levels. About a third of the laws and regulations
mandate the development and implementation of public charging infrastructure and incentives.
Another couple concern the Zero-Emission Vehicle Task Force, which is a multi-state agreement,

which Hawaii is a part of, to transition government medium- and heavy-duty vehicles to fully
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electric (U.S. Department of Energy Alternative Fuels Data Center, n.d.-d). Another few
regulations oversee plans for promoting clean energy, specifically in transportation, to meet state
emissions goals. There are three regulations that mandate a $50 fee for EV owners to pay when
they register their vehicles, which supports highway maintenance. The state incentives all
provide funds for government fleet electrification and public charging infrastructure. Hawaii
laws and incentives do primarily focus on commercial vehicle transition and infrastructure, so
there is room for improvement in things that may facilitate residential adoption. It appears that
the state is on the right track though, and EV support is a priority based on the existing
legislation and incentives.

Hawaii also is supportive of statewide adaptation and mitigation of climate change.
Although Hawaii does not have a finalized state-led adaptation plan, it has 7 state laws and
policies, 2 state agency plans, 3 local and regional plans, and 9 other resources, for a total of 21
climate change resources (Georgetown Climate Center, 2021). Legislation created the Hawaii
Climate Change Mitigation and Adaptation Commission, which emphasizes low emission goals
to reduce greenhouse gas emissions (Georgetown Climate Center, 2021). The two state agency
plans provide community resources to work toward this goal, as well as resources for ocean and
coastal health, sea-level rise, pollution, ecosystem health, and public health. One of the two state
agency plans covers transportation. There are nine other resources that outline support resources
for communities. Addressing climate change is a priority for Hawaiian lawmakers, especially the
mitigation of greenhouse gas emissions. This emphasis on decreasing emissions aligns with the
promotion of EVs.

Community-Level Characteristics
Hawaii has the current second-most expensive gas, on average. On March 18, 2024, gas

cost $4.70 per gallon in Hawaii (Smith, n.d.). The average temperature in Hawaii is in the low
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70s, and extreme temperatures can range from the upper 50s and the low 90s (Encyclopedia
Britannica, n.d.-b). This bodes well for EV battery range and health. The population of Hawaii is
approximately 1,435,138 (U.S. Census Bureau, n.d.), and 96% of Hawaii’s population lives in
urban areas, while 4% live in rural areas (U.S. Health Resources and Services Administration,
2020). Hawaii has two MSAs (U.S. Office of Management and Budget, 2023), which is where
most of the population is concentrated. Hawaii is also a small state made up of islands, which
means transportation around the small land area where population is concentrated and range is
limited may facilitate EV adoption better than large and rural areas. In Hawaii, 76% of EVs are
registered in Honolulu County on Oahu Island, which is where most of the population is
concentrated (Hawaii EV Association, n.d.; U.S. Census Bureau, n.d.). Places with higher
populations are more likely to facilitate EV adoption.

Characteristics that are affected by human actions also facilitate EV adoption at the
community level in Hawaii. There are 797 public charging ports among 359 public charging
stations (U.S. Department of Energy Alternative Fuels Data Center, n.d.-a). There is only one
private/utility incentive regarding EVs, and it provides a rebate for commercial charging station
installation (U.S. Department of Energy Alternative Fuels Data Center, n.d.-d). Finally, there are
three different local and regional climate change mitigation and adaptation plans that for three
different communities in Hawaii that encourage sustainable behaviors and attitudes (Georgetown
Climate Center, 2021).

Individual-Level Characteristics

The median household income in Hawaii is $84,857 (World Population Review, n.d.), but
zip codes with incomes $10,000 higher than the median household income also have, on average,
8-30% more EV registrations (Wee et al., 2020). Again, higher median incomes tend to facilitate

EV adoption in this state. Hawaii also tends to have more positive attitudes toward EVs. During
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a 2021 survey, 76% of people respondents had a “very positive” or “somewhat positive” opinion
of EVs, 14% had a “somewhat negative” or “very negative” opinion, and 10% weren’t sure
(Climate Nexus, 2021-b).
Washington
Societal-Level Characteristics

Washington has 29 state laws and regulations and 12 state incentives regarding EVs (U.S.
Department of Energy Alternative Fuels Data Center, n.d.-g). Charging infrastructure is a
priority, since ten of them concern public and commercial charging infrastructure. There are also
five laws and regulations that cover fleet and commercial transition to EVs. Washington is also a
part of the multi-state Zero-Emission Vehicle task force that pledges to transition government
fleets to fully electric, so there are 4 pieces of legislation that address that. Washington has also
set a goal for all vehicles sold after 2030 to be EVs. The other laws and regulations cover EV
fees and mandate EV planning and infrastructure support. The 12 state incentives follow a
similar pattern (U.S. Department of Energy Alternative Fuels Data Center, n.d.-g). Over half of
the incentives provide money for general EV support and transition and public charging. As for
the rest, there are two that provide money for commercial EV purchases, two that provide money
for residential/light-duty EV purchases, and one that provides money to implement the ZEV
agreement. Washington has actually chosen to adopt California’s stricter vehicle emissions
standards (Motor Vehicle Emissions Standards, 2020). This further promotes EV adoption.

Washington has also made progress in legislating for climate change in general.
Washington implemented a state-led climate change policy in 2012, and it currently has 8 pieces
of state law and policy, 6 state agency plans, and 9 other resources (Georgetown Climate Center,
2020). Washington has a total of 23 resources for addressing climate change. The state-led

climate change plan, known as Preparing for Climate Change: Washington State’s Integrated
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Climate Response Strategy, covers multiple sectors and works toward methods of addressing
climate change with an emphasis on reducing emissions (Georgetown Climate Center, 2020).
The state legislation, state agency plans, and other resources function to support the
implementation of this Strategy. Three of the six state agency plans cover transportation.
Reduction of emissions is a priority in Washington, which is beneficial when promoting EV
adoption.
Community-Level Characteristics

Gas in Washington is currently the third-most expensive in the country. Gas cost $4.31
per gallon on March 18, 2024 (Smith, n.d.). Temperatures in Washington average in the 50s,
ranging from the low 40s in winter to the 70s in the summer, although temperatures have been

known to reach above 100° (Encyclopedia Britannica, n.d.-c). Washington has an ideal climate

for EVs. The population of Washington is approximately 7,812,880 (U.S. Census Bureau, n.d.),
and 80.7% of the population is urban and 19.3% is rural (Washington State Hospital Association,
2017). There are 16 MSAs (U.S. Office of Management and Budget, 2023). About half of
registered EVs are found in King County, which is where Seattle is located (Zhou, 2023). King
County is also the most populated county (U.S. Census Bureau, n.d.) The counties with the next
highest EV registrations are Snohomish and Pierce counties, which are third and second in
population behind King County (Zhou, 2023; U.S. Census Bureau, n.d.). Again, places with
higher populations appear to better facilitate EV adoption.

Public charging infrastructure is also robust. Washington has 5,590 charging ports among
2,133 charging stations (U.S. Department of Energy Alternative Fuels Data Center, n.d.-a). This
is conducive to EV ownership. Of the eight utility/private incentives offered regarding EV
adoption, most offer rebates for the installation of residential chargers and the others provide

money for fleet electrification and public charging infrastructure development (U.S. Department



27

of Energy Alternative Fuels Data Center, n.d.-g). Washington also has 14 plans that address
climate change mitigation adaptation at the local and regional level (Georgetown Climate Center,
2020). These community-level characteristics provide superior conditions for EV adoption.
Individual-Level Characteristics

The median household income in Washington is $84,247 (World Population Review,
n.d.). Higher median household incomes facilitate EV adoption more, though, since EV owners
in Washington had a median household income of $136,100 (Balk, 2023). Attitudes toward EVs
in Washington do facilitate adoption. In Washington, 72% of people have a “very positive” or
“somewhat positive” opinion of EVs, 21% have a “somewhat negative” or “very negative”
opinion, and 6% aren’t sure (Climate Nexus, 2021-c). Washington residents are largely in
support of EVs, which is positive for adoption.

Discussion

Lessons From Three State Where EV Adoption Bas Been Successful

Through analysis of relevant EV adoption characteristics, multiple facilitators to EV
adoption were found, aligning with previous research. California, Hawaii, and Washington all
facilitate EV adoption at multiple levels of influence according to the Social Ecological Model.
Behavior change is most effective when addressing all spheres of influence in the Social
Ecological Model—societal, community, interpersonal, and individual. This is important when
addressing the behavior of EV adoption. All states address EV adoption through characteristics at
multiple levels that make EV adoption more attractive.

At the societal level, all three states have implemented policies regarding climate change
at large and laws and incentives that specifically address EV adoption. The states’ commitment to
addressing climate change is evident through the legislation and plans that support state

adaptation and mitigation policies. These policies function to foster a culture that values
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sustainable behaviors and supports societal-level norms of climate-friendly behaviors.
Legislation that supports EVs and EV infrastructure also leads to norms of EV support, as well as
providing legal protections and incentives for EV owners. California and Washington even have
set targets of selling only EVs in the state within the next decade. It should be noted that
Washington has adopted California’s ZEV standards. Other states could also choose to hold
themselves to this higher standard and show more support for EVs. These norms can promote
behavior change and therefore facilitate EV adoption at the societal level of influence.
California, Hawaii, and Washington had the most differences at the community level.
Despite these differences, the characteristics related to EV adoption were still facilitating
conditions based on the Social Ecological Model. The three states with the highest EV adoption
rates also had the top three highest gas prices in the country on the day of data collection, with
California having the most expensive gas in the country, followed by Hawaii and Washington,
respectively. While the everyday data may fluctuate, these states are consistently in the list of
states with the most expensive gas. Gas prices are not the sole factor that influence EV adoption,
but it’s reasonable that this may play a role. With rising gas prices, people may be looking for an
alternative to save money on fuel, meaning that high gas prices in a community may facilitate
EV adoption. California, Hawaii, and Washington also have climate conditions that
accommodate EVs, since temperatures don’t get too high (and risk battery damage) or too low
(decrease battery range and increase charging time). High state populations don’t seem to be a
facilitating condition of EV adoption, but large urban areas do. Most EV owners in the states
analyzed were concentrated in the most populous cities in the states. These larger areas don’t
require long driving distances that are more common in rural areas, which avoids range anxiety.
Hawaii is especially primed to accommodate EVs, since the islands have a smaller land area,

making it easy to get around with less range anxiety. These facilitating conditions make these
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three states good locations for EVs without human intervention—these states seem to already
have facilitating conditions that other states may not. The changes these states have made can
further facilitate EV adoption. Another reason urban areas better facilitate EVs is charging
infrastructure. California, Hawaii, and Washington have robust public charging infrastructure and
numerous legislation and incentives that provide more infrastructure support. With more public
charging comes less range anxiety. Incentives offered by the states’ utilities and other private
entities also provide money for both residential and commercial charging. California, Hawaii,
and Washington have added to the community characteristics that make the states conducive to
EVs through community-level actions such as incentives and infrastructure.

California, Hawaii, and Washington also had commonalities in the individual sphere of
influence. While the median household incomes were all similar, the median household income
of EV owners was higher than the state median income. Higher incomes facilitate EV adoption
in these states. The majority of residents of the states also had generally positive views toward
EVs. Negative perceptions pose an obvious barrier to EV adoption, so positive individual
attitudes are a good thing for improving EV adoption.

These takeaways align with previous research into barriers and facilitators to EV
adoption. Previous literature has found that higher-than-average income, larger cities, vast public
charging infrastructure, positive perceptions of EVs, moderate climates, and support in the form
of incentives and policies (A. Yang et al., 2023; Mukherjee & Ryan, 2020; Broadbent et al.,
2021). All of these were found to be present in the states studied in this research. Analyzing these
factors through the Social Ecological Model provides an explanation for why these factors
facilitate EV adoption in these states. They address multiple spheres of influence, which work
together to create behavior change.

Potential Applications for Other States
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Other states looking to improve EV adoption rates can apply some of the same
characteristics that California, Hawaii, and Washington have. At the societal level, increasing
climate change policy and EV policy can support norms that are more conducive to EV adoption.
There are multiple community-level characteristics that facilitate EV adoption that some states
just can’t change, such as climate, urban vs. rural areas, or gas prices. This means that other ways
of facilitating EV adoption in communities become more important. Creating a strong charging
network among communities would be very important, since that is something that successful
states all have in common. Providing reliable fuel sources is an important community-level
facilitator. California, Hawaii, and Washington also have extensive plans to transition
government fleets to electric. While this is not directly related to individual EV adoption, seeing
EV commitment within the community appears to be helpful. Finally, individual-level facilitators
could be addressed. Since people with higher incomes are more likely to purchase EVs,
implementation and awareness of incentives and other programs that may make EV purchases
more cost-effective could address this aspect of adoption. To foster positive perceptions of EVs,
states could implement information campaigns that highlight the benefits of EVs. Positive
examples of EVs could also be helpful, such as government fleet electrification that decreases
emissions or leads to better performance. While these behavior interventions address various
levels of human behavior influence, addressing all spheres of the Social Ecological Model will
be the most effective in improving EV adoption rates across the country.

The Future of EVs in the United States

Not all states may be enthusiastic about improving EV adoption, but the reality is that
EVs are not going away. Adoption rates have been increasing, and projections show that EVs
will make up between 13% and 29% of new vehicle sales by 2050 (Dwyer, 2023b). Other

projections predict 40% to 50% of cars sold will be EVs by 2030 (U.S. Bureau of Labor
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Statistics, 2023). All available data combines these statistics to include fully electric vehicles and
plug-in hybrid electric vehicles (PHEVs) in these projections. (PHEVs still consume gasoline.)
Regardless, EV adoption rates will continue to rise, so creating facilitating conditions will be not
only more convenient in the long run but also increase the environmental benefits of EVs.
Investing in the support and infrastructure now may avoid having to catch up in the future, and
transportation emissions will decrease. While EVs draw criticism for the greenhouse gas
emissions that are created during the production process as a result of the mining for the battery
metals, this technology is constantly improving (Environmental Protection Agency, 2024a).
Finding better ways to produce these batteries is a top priority. Another common criticism is that
the electricity generated for EV charging creates more emissions, making EVs worse for the
planet. This is not true. Renewable energy sources are more common than people realize,
meaning that emissions from electricity generation are not as high as people tend to believe. In
fact, the greenhouse gas emissions that come from fueling EVs are lower than those from
gasoline cars, even taking into account charging electricity (Environmental Protection Agency,
2024a). Including the emissions from battery procurement and electricity for charging, the
lifetime emissions from an EV are less than half that of gasoline cars (Environmental Protection
Agency, 2024a). Improving EV adoption by addressing facilitating conditions will make it easier
to achieve these environmental benefits,

The new EPA policy that sets EV sales targets and emissions limits is even more of a
reason to pay attention to facilitators and barriers to EV adoption in all states. This policy is only
in effect for vehicle model years 2027 to 2032, which means it will be updated in the coming
years and standards will be even higher in the future (Environmental Protection Agency, 2024b).
California and Washington even have their own state standards that will require all vehicles sold

in the state to be EVs by a certain year. These types of policies and emissions standards are
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becoming increasingly numerous, providing even more reason why these facilitating conditions
to EV adoption are necessary to understand and implement.
Summary and Conclusions

This study was performed to identify relevant characteristics that facilitate EV adoption
in the U.S. states that have had the most success with EV adoption and evaluate them in terms of
human behavior. This study addressed the questions of what facilitates EV adoptions in states
that have higher rates of adoption and what can be learned from these places. California, Hawaii,
and Washington have the highest rates of EV adoption in the United States. Based on
characteristics from previous research, multiple facilitators of EV adoption were found and
evaluated in each state, revealing interventions at multiple levels of human behavior, including
social, community, and individual. These facilitators include state-level EV laws, regulations,
and incentives, state climate change mitigation and adaptation plans, high gas prices, moderate
temperatures, large urban MSAs, well-developed charging infrastructure, local climate change
adaptation and mitigation plans, private incentives, higher-than-average median incomes, and
positive attitudes toward EVs. Some of these facilitators are innate to individual states and may
not be influenced by humans, but most facilitators can be applied to other states also looking to
improve EV adoption rates. Improvements to adoption rates can lead to lower greenhouse gas
emissions from the transportation sector and meet standards set in new policies such as the EPA
rule that sets emissions standards and EV adoption targets.

While the analysis of three states led to an abundance of valuable information, results
from three states may not be generalizable. Continued research on these characteristics in other
states, both successful and unsuccessful in EV adoption, may provide further insights. Future
research may also consider the interpersonal level of human behavior. The other three levels,

societal, community, and individual were all present, but behavior change efforts are most
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successful when it addresses all four levels. Data from this research did not reveal characteristics
related to EV adoption at the interpersonal level. Further study on interpersonal communication
about EVs, for example, would provide a more well-rounded approach to improving EV
adoption. Finally, additional characteristics that facilitate EV adoption may be considered. The
characteristics considered in this research were generated based on previous research into
barriers and facilitators to EV adoption, but it is by no means an exhaustive list. Other facilitators
exist, and future research may take these into account when addressing EV adoption
improvement.

The experience of conducting this research has been a learning process that was both
challenging and rewarding. I grew a lot from this experience. I practiced critical thinking,
creative application, communication, and flexibility. I also learned about myself—how I work
best, when to ask for help, and that I can accomplish challenging tasks. This type of project was
out of my comfort zone, but the skills I’ve gained throughout the process are invaluable. One of
these skills is thinking though problems with sustainability in mind. When confronting a
complex, wicked problem such as climate change, strategic and creative thinking is necessary.
Electric vehicles are by no means perfect, but no approach to sustainability is. That’s why it’s
important to fully analyze the technology and how it may be applied in a productive way. The
multi-level systems thinking practiced in this study is what will drive us toward a sustainable

way of living.
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Appendix
EV Adoption Characteristics by State
Characteristic California Hawaii Washington
f’lepes Qf state 57 15 28
egislation
Numb.er of state 3 3 12
mcentives
Number of climate
change e.fflorts— 29 18 41
state policies and
programs
Average price per
gallon of regular gas $4.91 $4.70 $4.31
Average
temperature in Mid 60s Low 70s Mid 50s
Fahrenheit
Population 38,965,193 1,435,138 7,812,880
Number of MSAs 29 2 16
Public charging 15,753 359 2,133
stations
Percent of
population in urban 94.2% 96% 80.7%
areas
Percent of
population in rural 5.8% 4% 19.3%
areas
Number of
utility/private 48 1 8
incentives
Number of local and
regional climate
change adaptation 44 3 14
and mitigation plans
. . 3 counties with
. le. codes with 76% of EVs highest EV
Concentration of highest EV . . . .
. ) . registered in registrations are the
EVs registrations are in .
: . largest city 3 most populated
arge cities :
counties
Median household $84,907 $84.857 $84,247

income
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Median household

$10,000 increase in
household income

income of EV $$120590’70%‘t)t+° associated with 8- $136.100
owners ’ 30% more EV
registrations
Percent of
population with
positive or 75% 76% 72%

somewhat positive
view of EVs
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