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Electric Vehicles (EVs) offer a sustainable solution to fossil fuel dependency and environmental
pollution from conventional vehicles, crucial for mitigating climate change. However, low
market penetration among minority and low-income communities raises equity and

environmental justice concerns. This dissertation examines EV adoption and charging station

access disparities in Maryland, focusing on sociodemographic factors such as race and income.

To address the lack of minority representation in existing EV research surveys, we conducted an
online survey targeting people of color (POC) and low-to-moderate-income households. We
received 542 complete responses. Ordinal regression models were used to analyze factors
influencing EV interest. We then performed a cumulative accessibility study of EV infrastructure
in Maryland. Pearson correlation analysis was used to show the relationship between charging
station accessibility and sociodemographic. Population density showed a strong positive
correlation (0.87) with charging deployment. We found that Baltimore City had the highest

population density and EV charging concentration in Maryland. We conducted a case study of



Baltimore City’s EV infrastructure investments and policy efforts. Charging stations were
categorized based on speed, network, access, and facility type. Spatial analysis and Zero-Inflated
Poisson ZIP regression models at the block group level were employed to investigate the
disparities in EV charging infrastructure distribution within the city across minority and non-

minority communities.

Our findings show substantial disparities in EV perceptions between POC and White
communities. The survey revealed that POC were more than twice more likely than White
respondents to indicate that the availability of charging stations affects their interest in EV
adoption, while the case studies revealed that POC populations are less likely to have access to
EV infrastructure, necessitating targeted investment in charging options and subsidies in these
communities. Our study also found the need for policies fostering residential charging station
deployment, particularly in minority communities. Strategic investments in economically
disadvantaged and rural areas beyond centralized regions are vital to ensure equitable EV
adoption. This study informs evidence-based policies prioritizing accessibility, equity, and

inclusivity in promoting a cleaner and sustainable transportation landscape.
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Chapter 1: Introduction

1.1 Background

The shift from Internal Combustion Energy Vehicles (ICEVs) to EVs is crucial for mitigating
climate change as transportation accounts for 27% of greenhouse gas (GHG) emissions in the
United States, with 57% from passenger vehicles (US EPA, 2022). Electric Vehicles (EVs) present
a sustainable solution to the problem of dependency on fossil fuels and other environmental
pollution and climate change issues. According to Peters et al. (2020), a 25% adoption rate of EV's
in the U.S. would reduce approximately 242 million tons of CO2 emissions. Additionally, EVs
offer a better driving experience, lower vehicle operating costs, and convenient home recharging
(Bradley & Quinn, 2010; Muratori et al., 2021). However, further research is needed to address

issues related to equity in adoption and access to charging infrastructure.

Equitable access to EV ownership and infrastructure is an important Environmental justice
challenge. EV market penetration by minority and low-income communities is low. According to
(Archsmith et al., 2021; Hardman et al., 2021), EV consumers are mostly male, high-income,
highly educated homeowners with multiple vehicles in their household and access to charging at
home. Black and Hispanic consumers represent 41% of gasoline vehicle purchases but only 12%
of EV purchases (Muehlegger & Rapson, 2018). This is an environmental justice issue where there
is an inequitable distribution of the benefits of EVs. Delay in EV adoption in underrepresented
communities is a chicken-and-egg problem (Briickmann et al., 2021). Limited public charging

stations reduce the propensity of EV adoption, suppressing the development of charging
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infrastructure (Hosseinpour et al., 2015). Areas that lack significant high voltage—level 2 and
DCFC—charging infrastructure are often termed “charging deserts" (Lardner, 2019). Studies show
that charging deserts tend to be found in communities of color and rural areas (Lardner, 2019). An
analysis of racial majority census tracts in cities with the most active and publicly available EV
charging stations showed that most of these charging stations are in majority-White areas
(Englund, 2021). Similarly, Holland et al. (2019) found that census block groups with a median
income of over $65,000 receive positive environmental benefits from EV adoption, while those
with lower incomes receive negative environmental benefits. Also, incentives for alternative fuel
vehicle purchase and charging infrastructure mainly benefit high-income households (Borenstein
& Davis, 2016; Englund, 2021). To prevent perpetuating environmental injustice and exacerbating
existing environmental risks in low-income communities of color, it is necessary to address and

overcome sociodemographic disparities in EV adoption and access to charging infrastructure.

1.2 Research Objectives

My dissertation proposes three studies to address equity and access issues in EV adoption and
infrastructure. Existing research on EV adoption lacks analysis of People of Color's (POC)
perspectives. To fill this gap, the first study employs an online equity survey to explore disparities
between POC and White respondents in EV awareness, needs, preferences, barriers, and access to
charging infrastructure. Public EV charging stations' accessibility remains a top barrier to EV
adoption. The second study conducts an accessibility analysis of public charging stations in
Maryland, examining the correlation between socioeconomic factors (race/ethnicity, population
density, and income) and charging station accessibility. Understanding these concerns can inform
strategic planning for charging station placement and design, contributing to wider EV adoption.
Baltimore City stands out as an outlier with the highest concentrations of charging stations among

2
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other counties. Characterized by the third-lowest median household income in Maryland and a
majority racial minority population, Baltimore City serves as a case study for examining EV
charging location activity and access through an equity lens. The third study analyzes Baltimore
City's charging infrastructure climate using four lenses: charger speed, access (public or private),
network, and facility type, focusing on the differences in EV infrastructure across
sociodemographic communities. These three studies collectively aim to contribute valuable
insights into addressing equity gaps and understanding accessibility concerns, advancing our
understanding of EV adoption barriers and promoting equitable access to sustainable alternative-

fuel transportation solutions.

1.3 Summary of the Studies

1.3.1 Understanding the Racial Disparity in Electric Vehicle Adoption and Infrastructure

1.3.1.1 Rationale

The literature on the viewpoints, needs, barriers, and experiences of communities of color in EV
adoption is limited. An analysis of EV surveys reveals a scarcity of minority and low-middle-
income respondents in existing research. The low participation of people of color (POC) in EV
surveys poses a challenge in identifying patterns, disparities, or unique factors contributing to low
EV adoption among POC. The low market penetration of EVs among racial minorities, often
associated with lower incomes, raises environmental justice concerns. Understanding and
including these communities in EV research and planning is essential to achieve the primary goal

of reducing climate change.

1.3.1.2 Approach



We conducted an online survey to explore gaps between POC and White respondents in EV
awareness, needs, preferences, barriers, and access to charging infrastructure. Using ordinal
regression models controlling for sociodemographic factors, we analyzed the influence of 12
commonly discussed factors on the readiness to adopt EVs. We performed extensive outreach in
communities of color. We received 172 complete responses from POC, which is more than most

surveys on EV adoption.

1.3.1.3 Results and discussion

The regression models allowed us to understand how the twelve factors affected interest in EV
adoption for POC respondents relative to the White respondents. We found that factors influencing
EV adoption had disparate effects on racial groups and other sociodemographics. Charging-related
factors posed a substantially greater barrier to EV adoption for POC than White respondents. There
were similar levels of agreement on the need for affordable EV options and the environmental

benefits of EVs.

1.3.1.4 Contribution to knowledge

Our study is unique as we designed our survey to address the equity gap in EV research and
targeted POC and low-to-moderate-income households, offering readers and policymakers new
insight to address financial, systemic, and infrastructure barriers to EV adoption in minority

communities.

1.3.2 Accessibility Study of Electric Vehicle Charging Station Locations in Maryland

1.3.2.1 Rationale



The lack of access to EV charging infrastructure in underserved areas hinders EV adoption.
Installing home charging systems is expensive, and for those who live in multifamily apartment
buildings, rental units, or affordable housing developments, it is simply not an option. Lack of
convenient public charging and range anxiety discourage many from joining the EV market. While
internal combustion engine vehicle (ICEV) drivers can embark on long trips with the confidence
of quick refueling options, EV drivers must research charging station locations and allocate time
for charging during the journey, which causes physiological range anxiety. Understanding
accessibility concerns in Maryland can inform strategic planning for the placement and design of

charging stations and contribute to the broader adoption of EVs.

1.3.2.2 Approach

This research conducts an accessibility study of EV charging locations in Maryland. Using a
dataset of all public EV charger locations in Maryland from the Alternative Fuel Data Center
(AFDC) and census data, we perform correlation analysis to investigate the association of socio-
economic factors such as population density, race/ethnicity, and income to accessibility of
charging station locations. Destinations are considered accessible to an origin if they are located
within a 5-mile fixed radius. Lorenz Curves and Gini coefficients are used to explore inequalities

in access to charging across census tracts.

1.3.2.3 Results and discussion

Results show that charging station access is highly correlated with population density. There was
very high inequality in the spatial distribution of charging locations, as only fifteen percent of

Maryland’s most charging-rich census tracts have access to 50% of the state’s charging stations.



Howard County, Montgomery County, and Baltimore City each have tracts with more than 100
charging locations within a 5-mile radius; many tracts outside of this region had no access to

charging within 5 miles.

1.3.2.4 Contribution to knowledge

Our analysis sheds light on regions in Maryland that lack charging options. These are particularly
underserved communities and rural areas, underscoring their need for targeted investment in
charging infrastructure. This study can help inform evidence-based policies prioritizing

accessibility, equity, and inclusivity, fostering a cleaner and sustainable transportation landscape.

1.3.3 Environmental Justice Analysis: A Case Study of Electric Vehicle Charging

Infrastructure in Baltimore City

1.3.3.1 Rationale

The limited availability and accessibility of Electric Vehicle (EV) infrastructure in minority and
low-income communities present significant barriers to widespread EV adoption. Despite its
high poverty rates and majority-minority population, Baltimore City stands out with the highest
concentration of EV charging stations in Maryland. This study aims to investigate Baltimore
City's EV infrastructure investment and whether disparities in EV charging infrastructure

distribution exist within the City.

1.3.3.2 Approach
Using charging station data sourced from the Alternative Fuel Data Center (AFDC) and
sociodemographic data from the Census Bureau, we employ spatial analysis techniques and

regression models to conduct a descriptive analysis of charging infrastructure within Baltimore



City. Our study uses four accessibility lenses: speed, network, access (public or private), and
facility type. Furthermore, we conducted a historical examination of the policy efforts surrounding
EV infrastructure in Baltimore City to evaluate their impact and contribution to the overall
landscape.

1.3.3.3 Results and discussion

The higher the percentage of POC in a block group, the more likely there was to be no charging
station in that black group. However, median household income was inversely associated with
charging infrastructure. There was also significantly less residential charging in the majority POC
communities compared to the Majority White communities. Residential and public garage parking
had the least and most charging investments, respectively, and are critical to fostering EV adoption.
1.3.3.4 Contribution to knowledge

Our investigation of the type and location of charging infrastructure in underserved communities
can help understand the community needs met by the infrastructure investment efforts. Addressing
the disparity in home charging needs, especially in communities of color, deserves particular
attention, as these communities lack the necessary home charging infrastructure for convenient

ownership.

1.4 Dissertation Structure

The rest of the dissertation comprises the three studies in Chapters Two, Three, and Four. Chapter

Five is the conclusion.



Chapter 2: Understanding the Racial Disparity in Electric
Vehicle Adoption and Infrastructure

Abstract

The literature on understanding specific needs for electric vehicle (EV) adoption in communities
of color and effective strategies to promote EV diffusion in these communities is limited. We
conducted an online survey with 542 respondents in Maryland and the Washington, D.C.
metropolitan region to explore gaps between People of Color (POC) and White respondents in EV
awareness, needs, preferences, barriers, and access to charging infrastructure. Using ordinal
regression models controlling for sociodemographic factors, we analyzed the influence of 12
commonly discussed factors on the readiness to adopt EVs. POC respondents are 3.4 times more
likely to be affected by charging prices, 2.2 times more likely to be affected by charging station
availability, and 2.1 times more likely to be affected by charging times than their White
counterparts when considering EV ownership. Our study offers policymakers new insight to
address financial, systemic, and infrastructure barriers to EV adoption. Programs encouraging
greater adoption of EVs by drivers of color, for example, might increase the availability of low-

cost public chargers to address obstacles disproportionately faced in charging availability.

2.1 Introduction

The 2022 Bipartisan Infrastructure Law spurred the largest-ever U.S. investment in EV charging
systems: $7.5 billion to build out a nationwide network of 500,000 chargers (The White House,
2023). The federal government has set a climate goal that EVs make up at least 50% of new car

sales by 2030 (The White House, 2023). Alongside these policy interventions, activist



organizations such as Greenlining Institute, Green Latinos, EVHybridNoire, and GRID
Alternatives continue to push for an anti-racist framework to ensure equitable distribution of
benefits in the clean energy transition. Additionally, the Justice 40 initiative aims to ensure that
40% of the benefits of many Federal investments flow to disadvantaged communities (The White
House, 2023). Allocating resources to meet these ambitious targets requires better understanding
of nuances in consumer perceptions towards EVs, especially among segments of the population
who have historically been underrepresented in EV ownership. Expanding access to EVs can
benefit a broad range of consumers by lowering vehicle operation and maintenance costs while
offering societal benefits such as reduced greenhouse gas emissions, improved air quality, and

reduced dependence on fossil fuels (Garcia et al., 2023).

Observations of sociodemographic disparities in EV adoption are well documented. Low market
penetration among racial'! minorities, who tend to have lower incomes, is an environmental justice
concern. Black and Hispanic neighborhoods have 70% of the access to public chargers compared
to the broader population in California (Hardman et al., 2021). Black and Hispanic majority block

groups are the only race and ethnicity group significantly less likely to have access to any public

! For brevity, in this paper, “race” refers to racial and ethnic categories that the U.S. Government’s Office
of Management and Budget requires all Federal agencies to use (Williams et al., 2010). In doing so, we
consider “race” as primarily a social category that encompasses what is commonly referred to as ethnicity
- common geographic origins, ancestry, family patterns, cultural norms and traditions, and the social history
of specific groups (Williams et al., 2010, 2016). POC or racial minority are used interchangeably and refer
to self-identified races/ethnicities other than Non-Hispanic White, including those primarily identifying as
Black, Hispanic or Latino, Asian, Native American, or other POC (APA, 2022). Those who identify as
Non-Hispanic White are herein referred to as White. Those who identify as Black or African American are
herein referred to as Black.
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charger in their block groups compared to the rest of California (Hardman et al., 2021). In cities
with the most active and publicly available EV charging stations, most of these charging stations
are in majority-White areas (Englund, 2021). Despite being underrepresented in the EV market,
these groups are disproportionately exposed to environmental risks from transportation, electricity
generation, and EV manufacturing. Higher-income census block groups experience positive
environmental benefits from EV adoption, while those with lower incomes receive negative
environmental benefits (Holland et al., 2019). Incentives for alternative fuel vehicle purchase and
charging infrastructure benefit mainly high-income households (Borenstein & Davis, 2016;

Englund, 2021).

We investigate how differences in the rates of access, experiences, needs, and factors affecting EV
adoption disparities between People of Color (POC) and White residents in Maryland and the
Washington, D.C. metropolitan area. Our interest is primarily in racial disparities around EVs, but
we also discuss gender and income disadvantages that may compound racial differences.
Understanding the underlying features that give rise to disparities can inform targeted policy
interventions, resource allocation, and the types and range of programs needed to increase EV
adoption among underrepresented communities. There is a pressing need to accelerate EV
adoption across all communities to ensure an equitable transition to a more sustainable, low-carbon

transportation system.

Our study is unique as we designed our survey to address the equity gap in EV research,

specifically targeting POC and low-to-moderate-income households. Despite extensive

10



recruitment efforts in underrepresented communities, we received a larger sample of White (68%)
than POC (32%) respondents. While our work offers new insights because our POC sample is
proportionally larger than most studies, our difficulty in targeting these communities is also worth
noting. Nonetheless, we find that POC have substantially different perceptions of the EV features
that might influence adoption when compared to their White counterparts. For example, our POC
respondents were more than twice more likely than White respondents to indicate that the
availability of charging stations affects their interest in EV adoption. When we consider gender
effects, we find that Males were 0.5 times less likely than Non-Males to indicate that the
availability of EV mechanics highly affected their interest in EV adoption. Insights from this
research suggest a need for demographically targeted policy approaches to encourage equitable

EV adoption.

2.2 Literature Review

Importance of Equitable EV Adoption

Shifting from Internal Combustion Engine Vehicles (ICEVs) to EVs is crucial for mitigating
climate change. Transportation accounts for 27% of greenhouse gas (GHG) emissions in the
United States, with 57% from passenger vehicles (US EPA, 2022). According to Peters et al.
(2020), a 25% adoption rate of EVs in the U.S. will reduce approximately 242 million tons of CO2
emissions and avoid 37 deaths annually. EVs offer a comparable or better driving experience,
lower vehicle operating costs, convenient home recharging (Bradley & Quinn, 2010; Muratori et
al., 2021). However, EVs also present challenges in terms of equity and the environment, with the
benefits varying considerably depending on how electricity is generated (Holland et al., 2016).

EVs can also increase industry sector pollution from increased demand for power generation and
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automobile parts such as batteries (Sharma et al., 2023). While the transition to EVs presents
advantages and disadvantages, increased adoption of EVs is widely recognized as an effective

strategy for reducing emissions and mitigating climate change.

Increasing equitable access to EVs is an important challenge. EV consumers to date are mostly
male, high-income, highly educated homeowners with multiple vehicles and access to charging at
home (Archsmith et al., 2021; Hardman et al., 2021). Black and Hispanic consumers represent
41% of gasoline vehicle purchases but only 12% of EV purchases (Muehlegger & Rapson, 2018a).
This disparity has significant implications for transportation pollution exposure, as Black and
Hispanic individuals, on average, experience 74% and 93% excess exposure to transportation
pollution, respectively, compared to the exposure caused by their consumption (Tessum et al.,
2019). People of color are disproportionately more likely to reside close to polluting facilities and
more likely to be exposed to toxic emissions and associated health risks (Mohai et al., 2009; Perlin
et al., 2001) . EVs can reduce the energy burden for low-income households and communities of
color by providing financial relief from high gasoline prices (Holland et al., 2016), particularly in
regions with cleaner electricity grids and lower electricity prices relative to gas prices (Vega-

Perkins et al., 2023).

EV Adoption in Minority Communities

A lack of interest or environmental awareness does not account for the disadvantaged communities'
low rates of EV adoption. Krupa et al. (2014) assert that realizing EV benefits ultimately depends
on consumers’ willingness to purchase EV technology. However, surveys show that Black and

Latino households, who least often own or lease EVs, are just as enthusiastic, if not more so, about
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addressing environmental issues and adopting low-emission vehicles than White and Asian
households (Hardman et al., 2021). Communities of color are slightly more interested in
purchasing an EV than their White counterparts; 33% of White, 38% of Black, 43% of Latino, and
52% of Asian Americans said they would “definitely” or “seriously consider” purchasing or
leasing an EV as their next vehicle (Consumer Reports, 2022). With a 49% increase in the price
of regular motor gasoline and a 55% increase in diesel fuel prices between January and June 2022
in the United States (USDOT, 2022b), there is a heightened interest in EVs, particularly among
POCs, since higher gasoline prices increase trip costs and decrease the utility of ICEVs (Soltani-
Sobh et al., 2015). For car-owning U.S. households with incomes in the lowest quintile, savings
from switching to EVs could amount to $1,000 annually, or approximately 7% of their household
incomes, by 2030 (Bauer, 2021b). Emphasis on increasing the cost competitiveness of EVs

represents an opportunity for targeting segments of the population to produce substantial benefits.

Barriers to EV Adoption

Barriers to EV adoption in research are myriad and span many social, economic, and political
factors. Charging infrastructure (Canepa et al., 2019; Khan et al., 2022; Li et al., 2017), cost
(Canepa et al., 2019; Khan et al., 2022), battery range (Bjerkan et al., 2016; F. Guo et al., 2018;
She et al., 2017), and policy (S. Guo & Kontou, 2021; Johnson & Williams, 2017; Rubin & St-
Louis, 2016) are amongst the most frequently cited challenges to EV adoption. Other barriers
include access to EV mechanics and repair shops (Berkeley et al., 2017; Keskin & Catay, 2018;
Quak et al., 2016), awareness (Bakker & Jacob Trip, 2013; Canepa et al., 2019; Okada & Tamaki,
2019; Y. Zhang et al., 2011), design and technology (Canepa et al., 2019; Fauzan et al., 2019), and

environmental concerns (Canepa et al., 2019; Lee & Brown, 2021). Understanding how these
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barriers affect POC interest in EVs can help policymakers develop targeted strategies that address
the specific needs and concerns of POC. Regardless of racial demographics, the availability of EV
charging influences EV adoption. Black- and Hispanic-majority block groups are significantly less
likely to have access to public chargers (Hsu & Fingerman, 2021). The spatial distribution of
charging infrastructure, one of the primary adoption barriers, is inequitable, and low-cost charging

is needed in lower-income residential areas (Hardman et al., 2021).

Delays in EV adoption in underrepresented communities represents a chicken-and-egg problem.
Limited public charging stations reduce the propensity of EV adoption, in turn, suppressing the
development of charging infrastructure (Hosseinpour et al., 2015). Areas lacking significant high
voltage—level 2 and DCFC—charging infrastructure, “charging deserts", tend to be found in
communities of color and rural areas (Desai et al., 2021; Lardner, 2019). Adding a charging station
(per 100,000 residents) could have the effect of doubling the national EV market share relative to
a $1000 in consumer financial incentive (Sierzchula et al., 2014). Households living in multi-unit
buildings may not have control over charger installation or be allowed to charge where they park
(Lopez-Behar et al., 2019). Additionally, some individuals may be unable to charge at home due
to the cost of installing home chargers (Borlaug et al., 2020). Even before adopting EVs, drivers
still look to public charging networks to reassure them that charging will be available (LaMonaca

& Ryan, 2022).

Range limitations due to battery capacity have been a longstanding barrier to EV adoption and are

especially impactful for disadvantaged groups (Hosseinpour et al., 2015). Higher-income groups
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have circumvented range anxiety issues by purchasing EVs as a second vehicle (Skippon &
Garwood, 2011). The 2017 National Household Travel Survey (NHTS) reveals that 89% of

households with an EV also had a non-EV (Davis, 2022).

Policies can unintentionally perpetuate systemic racial and socioeconomic inequities (Nguyen,
2020). Tax credits incentivizing EV ownership have not been distributed equitably. Individuals
earning over $100,000 claim almost 80% of federal EV tax credits (Sherlock, 2019). An
investigation into US clean energy tax credits found that households with incomes in the top
quintile received 90% of EV program credits (Borenstein & Davis, 2016). Non-monetary
incentives, including high-occupancy vehicle (HOV) lane access, infrastructure subsidies, time-
of-use rates, parking benefits, work-based charging, and parking and charging access also tend to
be disproportionately utilized (Adepetu et al., 2016; Ajanovic & Haas, 2016; Bakker & Jacob Trip,
2013; Hackbarth & Madlener, 2013; Javid & Nejat, 2017; Jenn et al., 2018). Skerlos and
Winebrake (2010) argue that federal incentives could have higher social benefits if subsidy policies
were varied across income levels. Waivers are also more effective than credits (Gallagher &

Muehlegger, 2011).

We find little to no research on EV adoption specifically focusing on POC attitudes and
perspectives. Existing studies lack a sufficiently sized POC sample or do not report findings broken
out by race/ethnicity (Egbue & Long, 2012). Low participation of POC in EV surveys makes it
challenging to identify patterns, disparities, or unique factors contributing to low EV adoption
amongst POC. While socio-demographic attributes, such as age, number of vehicles in a

household, education, income, and political affiliation, have been extensively studied and are
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known influential factors affecting EV ownership (Shin et al., 2019), we have a significant gap in

our understanding of how these factors influence the barriers to adoption faced by POC.

2.3 Survey Data

We collected data using an online survey that queried respondents’ stated preferences based on
hypothetical EV scenarios, their familiarity with and interest in EVs, barriers to adoption, charging
infrastructure needs, perspectives on policy incentives, and socio-demographics. The University
of Maryland College Park Institutional Review Board (IRB) approved the survey, and pilot tests
were conducted to ensure the questions were clear and understandable. The survey took about 10
to 12 minutes and was available from October 14, 2022, to March 21, 2023. Respondents could
opt to enter a raffle for a $100 Visa gift card as an incentive to complete the survey. The survey
was open to adults above 18 years old who lived or worked in Maryland and the Washington, D.C.
region. As we describe later, we conducted numerous outreach efforts to reach and recruit POC

participants.

Recruitment

We distributed the survey using three major recruitment methods: flyers, institutional email lists,
and postal mail. Flyers with a QR code linking to the survey were posted and distributed by hand
at train and bus stations, apartment complexes, religious centers, gyms, events, etc. There was a
reluctance to take the flyer at bus and train stations during regular weekday commutes. On
weekends and at more leisurely locations like religious centers and parks, people were willing to

take the survey on the spot. Approximately 150 flyers were distributed in October and November.
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Planning agencies, non-profit organizations, and racial minority programs were also sent an email
describing the purpose of the study and a hyperlink to the survey with a request to distribute it to
their email lists and on their social media platforms. Approximately 70 organizations and 35 town-
hall representatives were sent the survey link in October and November to distribute. We deployed
a snowball technique by asking these organizations to forward the recruitment message to other
organizations or interested parties. Most agency representatives were willing to circulate the
survey through their email lists, newsletters, and peer agencies. We received 611 eligible responses

from the flyers and emails by November 30th.

On December 1%, 2,000 letters with a QR code linking to the survey were sent to random addresses
in the 20 Maryland zip codes with the highest concentrations of racial minorities. From December
Ist to January 11th, no additional email or flyer recruitment was conducted, and we received 99
eligible responses. Flyer and email recruitment continued from January 12th to March 21st; during
this period, we received 28 more eligible responses. Given that survey recruitment methods
happened simultaneously using the same QR code, we could not determine exactly what

proportion of responses were received from each recruitment method.

Completion Rate

Of the 738 eligible respondents consenting to the survey, 542 provided complete responses (Figure
2-1). About 100 respondents had less than a 20% completion rate and were not included in the
study. Most respondents (88%) who indicated their race also completed the survey. This may be
attributed to the placement of the socio-demographic section at the end of the survey. We opted
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not to use imputation for race to avoid introducing bias (Buuren, 2018). Our final sample included

only those responses with complete responses (N=542).
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A 100% completion indicates that all questions in the survey used in this study were answered

Figure 2-1 Survey Completion Rate.

Demographic Distribution

Although we used purposive sampling aimed at recruiting POC responders, the survey was
available to people of all races. Despite extensive outreach efforts to engage POC, we received
more White (370) than POC (172) respondents (Table 2-1). However, it is important to note that
our POC sample size is substantially larger than that of other papers on EV adoption using similar
survey methods. The high participation of White participants in EV surveys is a reoccurring
challenge and underscores their substantial interest and influence in EV research, both
professionally and academically. Given the deep engagement methods that we deployed, the strong

presence of White responders amplifies the difficulty in identifying and addressing EV equity
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issues with diverse communities. We received a limited number of responses from the Asian
community (25 responses) and the Hispanic community (18 responses). Several factors may have
contributed to this, including language barriers, as the recruitment efforts and the questionnaire
were available only in English, and issues related to community trust. In contrast to the Black
community, we lacked a strong connection to a community liaison, and we had limited promotion

of the survey flyers in cultural centers and gathering points of Asian and Hispanic communities.

There were slightly fewer Male (42%) than Non-Male (58%) respondents. Notably, the age
category showed a generational contrast in survey participant demographics. Of those 70 years
and older, 84% were White, while among those under 30 years, 74% were POC. Most were highly
educated; approximately 90% completed a bachelor's degree or higher. The household income
category had a median value of $121,000-$150,000 and a mode of $200,000+. We had an
unexpectedly high number of respondents with higher education and wealth. Some of this can be
attributed to non-response bias as well as topic interest. Non-response bias played a significant
role, with individuals having lower education and income levels being less likely to respond due
to reasons like time constraints, lack of interest, or limited access to digital resources. The use of
digital and organization-based distribution channels in surveys may also favor primarily tech-
savvy individuals (Laymen, 2006). Additionally, our survey focused on EV adoption, a subject
closely linked to advanced technology and higher financial capacity (Zimm, 2021). This may have
discouraged participation from those with limited access to technology or those perceiving EV
adoption as financially challenging. Most respondents reside in Maryland (94%), while the

remaining reside in the neighboring regions of Washington DC or Virginia.
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Table 2-1 Survey Demographics.

% POC % White Total
Attribute
32% (N=172)  68% (N=370) 100% (N=542)
White - 100% (370) (370)
Black 100% (112) - (112)
Race Asian 100% (25) - (25)
Hispanic 100% (18) - (18)
Other 100% (17) - (17)
Male 28% (62) 72% (163) (225)
Gender
Non-Male 35% (110) 65% (207) (317)
18 to 29 years old 74% (45) 26% (16) (61)
30 to 39 years old 30% (29) 70% (68) (97)
40 to 49 years old 29% (34) 71% (82) (116)
Age
50 to 59 years old 31% (35) 69% (77) (112)
60 to 69 years old 20% (21) 80% (84) (105)
70 and older 16% (8) 84% (43) (51)
Some high school 100% (3) 0% (0) 3)
High school diploma or GED  68% (19) 32% (9) (28)
Associate degree 56% (14) 44% (11) (25)
Education
Bachelor’s degree 28% (56) 72% (141) (197)
Master’s degree 26% (57) 74% (160) (217)
Doctoral, professional degree, 32% (23) 68% (49) (72)
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or higher

$0-$30,000 69% (22) 31% (10) (32)

$31,000-$60,000 62% (29) 38% (18) (47)

$61,000-$90,000 36% (33) 64% (59) (92)
Household

$91,000-$120,000 36% (32) 64% (56) (88)
Income

$121,000-$150,000 21% (15) 79% (56) (71)

$151,000-$200,000 24% (23) 76% (71) (94)

$200,000+ 15% (18) 85% (100) (118)

DC 53% (9) 47% (8) (17)
Region MD 30% (156) 70% (356) (512)

VA 54% (7) 46% (6) (13)

2.4 Methodology

We specified 12 separate ordinal logit models, one for each of the factors identified from the
literature influencing interest in EV ownership. Our response variable has levels: “does not affect,”
“affects a little,” and “affects a lot.” Thresholds, also known as ancillary parameters, serve as the
adjacent levels or distinct cut-off points within the response variable in ordinal logit models
(Torres-Reyna, 2008). The ordinal logistic regression model, for an outcome Y with reference

levels =1, 2, ..., L is

P(Y<])
Ln (ﬁ)=CE_HIX1_n2X2—. kX (1)

where {{ is an intercept and represents the log-odds of Y<{ when all the predictors are at zero or

their reference level (Venables & Ripley, 2002). Thus, P(Y<() is the inverse logit of {{. Unlike
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other forms of regression, an ordinal logistic regression model has multiple intercepts, one for each
level of Y from 1 to L—1 (Fagerland & Hosmer, 2017). Holding the other variables constant, for
each one-unit increase in the predictor, the response variable level is expected to change by its
respective regression coefficient in the ordered log-odds scale (Bilder & Loughin, 2014). We use
an Analysis of Variance (ANOVA) test and a log likelihood ratio test to assess our models. The
log likelihood was higher than the null model for all final models, indicating a better fit and better
explanation of the data compared to a baseline (Edwards, 1990; Etz, 2018). We used forward
selection of our survey demographic variables to determine the final control variables. Household

size and number of vehicles did not improve the final model fits and were excluded.

Our independent variables were race, gender, education, age, and income, with race as our main
variable of interest. Other predictors were included primarily as controls. The reference categories
for race and gender were White and Non-Male, respectively. Individuals who identified as female,
non-binary/third gender, or chose the option "Prefer not to say," were combined into a single
category labeled "Non-Male." The number of respondents identifying as neither male nor female
were few and not statistically significant when considered as a separate category. To maintain
consistency with common practice and align with previous studies in the field ( e.g., Egbue &
Long, 2012; Semple et al., 2021), we opted for a binary classification, grouping respondents into
either "Male" or "Non-Male" categories. Education was coded based on years of education beyond
high school. Completion of high school or less was coded as zero years. An associate degree was
coded as two years, a bachelor’s degree four years, a master’s degree six years, and a doctoral,
professional degree, or higher, as ten years. Age and income were reclassified as the midpoints of
the respective categories. We rescaled the control variables. One unit increase in age is 100 years,

a unit increase in income is $1,000,000, and a unit increase in education is 10 years. This approach
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offers convenience in terms of interpretability and allows for meaningful comparisons within the

model.

We used Spearman rank correlation to test the relationship between the 12 factors affecting interest
in EV adoption. We employed Landis and Koch's (1977) ranges to interpret the correlations: 0-
0.20 represented slight correlation, 0.21-0.40 denoted fair correlation, 0.41-0.60 indicated
moderate correlation, 0.61-0.80 signified substantial correlation, and 0.81-1.0 represented almost
perfect correlation. All correlations, except correlations between driving range and battery life,
maintenance/repair costs and charging prices, and availability of charging stations and charging

times, were slight correlations. Driving range and battery life exhibited moderate correlation.

2.5 Results

Table 2-2 provides a summary of survey responses for each of the models. Most respondents
indicated that the purchase price "affects me a lot," while "Cool, stylish, and comfortable" affected
the fewest respondents. Most POC respondents (80%) indicated the availability of charging
stations affects them a lot, while 65% of White respondents indicated charging station availability

affects them a lot.

Table 2-2 Summary Data of Outcomes.

POC (N=172) White (N=370)
Outcomes Affects Affects Does [Affects Affects Does
me a lot me a not me a lot me a not
little affect little affect
me me
Purchase price 84% 14% 2% 75% 22% 2%
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Reduces air pollution and |[73% 17% 10% 73% 18% 9%
dependence on gas
Driving range 76% 19% 5% 69% 28% 3%
Ability to charge at home or | 73% 17% 10% 69% 22% 9%
work

Availability of  charging [ 80% 16% 4% 65% 32% 3%

stations

Battery life 74% 21% 5% 67% 29% 4%
Maintenance/repair costs 78% 19% 3% 57% 38% 6%
Charging times 69% 24% 6% 55% 43% 3%
Availability of EV mechanics | 65% 28% 7% 39% 48% 13%
Charging prices 65% 30% 5% 32% 56% 12%
Modern Technology 48% 35% 17% 28% 49% 22%

Cool, stylish, and comfortable |44% 41% 16% 19% 48% 33%

Some totals do not add to 100% due to rounding.

Survey question: How do these factors affect your interest in owning an EV?

Table 2-3 displays the odds ratios for each of our models. The odds ratios describe associations
between independent variables and ordinal levels of the dependent response. The odds ratio for
income, age, and education is in relation to a unit increase, while for POC and Male, odds ratio is
in relation to the reference categories White and non-male, respectively. For example, POC
respondents are more than three times as likely to report that charging price has an affect that is
one ordinal level greater than their White counterparts. For simplicity, we interpret this as being
more highly affected by charging price. Intercepts at “does not affect me” to “affects me a little”

and “affects me a little” to “affects me a lot” are represented by T1 and T2, respectively.
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Table 2-3 Summary of Odds Ratios from Ordinal Regression Models.

Variable T1 T2 POC Age Male Edu. Inc. fz-llue
Purchase price 0.01 0.11 1.33 0.47 0.87 0.71 0.04  0.07
Reduces air  pollution and 0.19 068 099 229 0.61 5.80 0.02  0.00 ook
dependence on gas

Driving range 0.14 1.49 1.72 1.12 1.01 0.80 1.90 0.01 ok
Ability to charge at home/work 0.21 0.86 1.27 1.15 1.01 2.33 2.76 0.34
Availability of charging stations 0.05 0.75 2.18 2.33 0.83 1.07 0.77 0.01 *
Battery life 0.09 1.03 1.55 2.26 1.09 1.53 l1.61 0.38
Maintenance/repair costs 0.04 0.53 2.43 1.09 0.91 0.83 0.15 0.00 ook
Charging times 0.11 1.93 2.07 3.71 1.07 0.74 10.92  0.01 ox
Availability of EV mechanics 0.06 0.62 2.21 2.22 0.49 0.56 0.01 0.00 oAk
Charging prices 0.08 1.16 3.40 0.80 0.73 0.85 0.15 0.00 ook
Modern Technology 060 470  2.19 3.55 1.00 1.19 0.59  0.00 ox
Cool, stylish, and comfortable 0.49 396 3.21 084 097 0.51 27.22 0.00 ook

Significant codes: ‘***’ 0.001, “**’ 0.01, “*’ 0.05, *.” 0.1, ’ 1

The reference categories for POC and Male were White and Non-Male, respectively.

Independent Variable: Race

Three EV features were not significant: “Purchase price”, “Ability to charge at home or work”,

and “Battery life”. With respect to the other features, POC respondents were more strongly

concerned than their White counterparts by all other EV features we evaluated, except “Reduces
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air pollution and dependence on gas”. Concerns about air pollution and reducing dependence on

gas were nearly equal between POC and White respondents.

POC respondents were 2.18 times as likely to be highly affected by availability of charging stations
as their White counterparts. Most POC respondents (80%) indicated the availability of charging
stations affects them a lot, while 65% of White respondents indicated this affects them a lot. This
suggests that accessibility to charging infrastructure is an important area for policy focus to
encourage EV adoption within POC communities. POC respondents were 2.43 times more likely
to indicate a higher level of concern by maintenance/repair costs, 2.21 times more likely to indicate
a higher level of influence by the availability of EV mechanics, and 2.19 times more likely to
indicate a higher level of influence by the technology than White respondents. POC respondents
were 3.2 times more likely to be highly affected by EVs being “Cool, stylish, and comfortable".
Although “Cool, stylish, and comfortable” had the least influence on respondents’ interest in EV's
compared to other factors (Table 2-2), 44% of POC indicated that this affected them a lot, while

only 19% of White respondents indicated the same.

Independent Control Variables: Gender, Education, Income, and Age

Male respondents were 50% less likely than their Non-Male counterparts to report that the
availability of EV mechanics affected their interest in owning an EV. More educated respondents
were more likely to be concerned by air pollution and dependence on gas (odds ratio: 5.8). Older
respondents were more likely to be concerned by driving range (odds ratio: 11. 12) and charging
times (odds ratio: 3.71). Wealthy respondents were more likely to be influenced by the charging

speed (odds ratio: 10.92) and the aesthetics and comfort of EVs (odds ratio: 27.22).
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2.6 Limitations

A primary recruitment objective was to assemble a comprehensive sample of POC respondents to
examine disparities across racial groups and address the historically low participation of POC in
previous EV studies. We recruited participants through minority organizations' email lists, flyers,
and postal mail targeted at areas with a majority racial minority population. Although we
successfully obtained a larger sample of POC respondents (172 participants) than most previous
EV studies, POC representation only accounted for 32% of our sample. We received fewer than
30 responses from Asian, Hispanic, and Other racial categories each. The low response rate among
these racial groups limited our ability to investigate differences across these individual groups.
Furthermore, our sample was skewed towards highly educated and affluent participants. Majority
(53%) held degrees higher than a bachelor's degree, and 118 respondents (100 of whom were
White) reported annual earnings exceeding $200,000. Limited participation of POC, low-income,
and less educated respondents reduce the generalizability of our research findings and reflects an

ongoing challenge in EV research and participation.

Our survey was designed to gauge the influence of commonly discussed factors affecting adoption
through an equity lens. While our study specifically focuses on racial disparities in EV adoption,
it is crucial to recognize that we cannot attribute respondents' reactions solely to their racial
identity. Numerous factors can influence individuals' choices and viewpoints, with race being just
one of several potential influencers. We also acknowledge that respondents may have multiple

racial identities that were not fully accounted for in the survey.
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2.7 Discussion

Our regression models showed that factors influencing EV adoption had disparate effects on racial
groups and across other sociodemographic. Charging-related factors posed a substantially greater
barrier to EV adoption for POC than White respondents. POC respondents were 2.2 times more
likely for their interest in owning an EV to be affected by the availability of charging stations and
2.1 times more likely to be affected by charging times than White respondents. This points to the
need to improve the accessibility and practicality of public charging infrastructure, particularly in

communities of color, to ensure an equitable transition to EVs.

Limited infrastructure is a real and psychological barrier to EV adoption (Alotaibi et al., 2022;
Carlton & Sultana, 2022; Walter et al., 2020). Addressing charging concerns to make charging
more practical by offering more flexible ways to install at-home chargers, developing a denser,
faster, and more accessible network of publicly available chargers (Anjos et al., 2020; Ghosh et
al., 2022; Ullah et al., 2023), developing more affordable long-range batteries (Adepetu et al.,
2016; Conlon et al., 2015; Varga et al., 2019), and ensuring that public chargers are well-

maintained (LaMonaca & Ryan, 2022) may help increase EV adoption among POC communities.

There were also gaps regarding operating costs between racial groups. POC respondents were 3.4
times more likely to be affected by charging prices than White respondents. Although EV charging
costs vary based on regional electricity prices, time of day, power level, and more (Borlaug et al.,
2020), generally, electricity costs less than petrol or diesel (Alanazi, 2023) and EVs consume less

energy per mile than ICEVs (Sperling, 1996). POC respondents were also 2.4 times more likely to
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be affected by maintenance costs than White respondents when considering EV adoption.
However, studies agree EVs are often more cost-effective to maintain than ICEVs due to their
fewer moving components, reduced need for routine services, and decreased brake wear (Alanazi,
2023; Borlaug et al., 2020; Hagman et al., 2016). While EVs may have higher upfront costs, they
can save drivers money through reduced energy expenses and less frequent maintenance needs
(Alanazi, 2023). The differences in perceptions regarding charging costs and EV maintenance
between POC and White respondents may stem from a lack of knowledge about EVs' long-term
financial and operational advantages over conventional vehicles. Thus, there is a need to tailor
outreach efforts to emphasize the low operational costs and economic benefits associated with EV's

to all communities, particularly those historically marginalized and least informed.

While there were disparities in stated differences in access, needs, and factors influencing EV
adoption between POC and White respondents, there were similar levels of agreement on the need
for affordable EV options and the environmental benefits of EVs. Regardless of race, purchase
price was the factor in which the highest percentage of POC (84%) and White (75%) respondents
indicated that affected them a lot. Purchase price is a well-documented limitation of EV adoption

(Alanazi, 2023, 2023; Barisa et al., 2016; Biresselioglu et al., 2018; Egbue & Long, 2012).

When asked about the influence of reduced air pollution and decreased dependence on gas on their
interest in EV adoption, the response distribution for each ordinal level was almost identical
between POC and White respondents (Table 2). Our ordinal regression model showed reduced air

pollution and decreased dependence on gas, equally influenced interest in EV adoption (odds ratio:
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0.99) regardless of respondents' race category. This implies that there was no significant racial gap
in the desire for EVs due to their potential environmental benefits, as considerations around air
pollution and dependence on gas were equally important to POC and White respondents.
Therefore, raising awareness about the environmental advantages of EVs is a crucial strategy for
promoting adoption (Alanazi, 2023). Given that POC communities are known to be marginalized
by transportation pollution (Cheeseman et al., 2022), EVs can reduce the energy burden for low-
income households and communities of color by providing financial relief from high gasoline

prices (Holland et al., 2016).

Male respondents were half as likely as their non-Male counterparts to indicate that the presence
of EV mechanics had an impact on their interest in owning an EV. This suggests that increasing
the availability of EV mechanics or diversifying the types of establishments where EVs can be
repaired may encourage more women to consider owning an EV. Providing warranties and
creating awareness about affordable maintenance coverage policies may alleviate concerns about
EV technology and its repair. Addressing concerns about driving range and charging times was
particularly important for older individuals considering EV ownership. Investing in public activity-
based charging locations such as supermarkets and health centers my help reduce range anxiety
and idling burden when charging (Gonzalez et al., 2014; Pan et al., 2020). Our findings highlight
the importance of careful consideration of demographic variations when formulating and executing

policies and programs aimed at promoting EV adoption.
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2.8 Conclusion And Policy Implications

In the effort to promote the widespread adoption of EVs for the reduction of greenhouse gas
emissions and the mitigation of air pollutants, all stakeholders must play a proactive role in
ensuring equitable and fair access to the benefits of EVs. Understanding the needs and preferences
of underrepresented communities could assist policymakers and manufacturers with addressing

the low EV adoption rates in these communities.

This study used ordinal regression models to examine differences in how POC and White
respondents viewed factors related to EV adoption. These included purchase price, driving range,
battery life, availability of charging stations, ability to charge at home or work, reduction of air
pollution and dependence on gas, maintenance/repair costs, charging times, availability of EV
mechanics, charging prices, modern technology, and the perception of being 'cool, stylish, and
comfortable.' Several of these factors appeared to be viewed quite differently by POC and white
respondents, an indication that approaches for encouraging adoption may vary substantially

between demographics.

Most notably, limited access to EV infrastructure and charging time were considered higher
constraints by POC than by White respondents. POC respondents were approximately two times
more likely to indicate a higher level of importance of the availability of charging stations and the
time spent charging when considering EV adoption than White respondents. A multifaceted

approach, including eliminating charging deserts in disadvantaged communities and providing
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access to fast, practical, and reliable public charging options, could reduce range anxiety and

increase interest in EV ownership (Desai et al., 2021; Keith & Womack, 2023).

POC respondents were also more likely to be concerned about the charging prices and maintenance
costs associated with EVs than White respondents. Given that electricity is often a more cost-
effective fuel source for vehicles compared to gasoline or petrol (Alanazi, 2023), and EVs are
advantageous due to their low maintenance requirements (Borlaug et al., 2020; Hagman et al.,
2016), our findings may suggest that there may be a gap in awareness about these benefits. This
highlights a need for policies and awareness campaigns that increase understanding of EV

operational cost benefits in POC communities.

Rather than adopting a one-size-fits-all approach, strategies should be flexible and adaptable to
cater to the unique needs and preferences of each community. A key finding of our study is the
significance of tailoring EV incentives, infrastructure plans, and investments to address the barriers
to EV adoption among communities of color. This study underscores the critical importance of
implementing targeted multifaceted policies that directly address these disparities in
underrepresented communities. Policymakers should promote EV adoption in ways that cater to
the specific needs of diverse communities, ensuring that the transition to EVs is equitable and

accessible to all, with the benefits shared by everyone.

Our stated preference survey offered valuable insights from an equity perspective into POC
attitudes toward EV adoption. It also, however, points to the difficulty of obtaining responses from

racial minority and low-moderate income participants, a common issue in EV surveys. Despite

32



extensive outreach efforts, including physical flyers, emails through minority organizations, and
postal mail surveys targeted at racial minority communities, our sample skewed towards a White,
wealthy, and highly educated population. This restricts our understanding of the needs and
preferences of underrepresented communities and how that contributes to low EV adoption rates

in these communities.

Future research can collaborate with community leaders and representatives to help increase
survey participation in underrepresented communities. Translating the surveys into multiple
languages may enhance recruitment in communities of color. We found that engaging
organizations working with minorities and recruitment during leisure and off-peak times at
gathering locations yielded better responses. Additionally, future work could expand the analysis
by including additional control variables, such as travel patterns, vehicle ownership, and housing

situations to better understand the gaps in EV adoption.

Chapter 3: Accessibility Study of Electric Vehicle Charging
Station Locations in Maryland

Abstract

This research conducts an accessibility study of electric vehicle (EV) charging locations in
Maryland. Using charging station data from the Alternative Fuel Data Center (AFDC) and census
data, the study performs correlation analysis to investigate the association of socio-economic
factors such as population density, race/ethnicity, and income to accessibility of charging station

locations. Lorenz Curves and Gini coefficients are used to explore inequalities in access to
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charging. Results show that throughout the state, charging station access is highly correlated with
population density. There was very high inequality in spatial distribution of charging locations as
only fifteen percent of Maryland’s most charging-rich census tracts have access to 50% of the
state’s charging stations. Howard County, Montgomery County, and Baltimore City are each home
to tracts with more than 100 charging locations within a 5-mile radius; many tracts outside of this
region had no access to charging within 5 miles. Concentrations of charging stations in Howard
and Montgomery counties are associated with wealth—these counties have the highest median
incomes in the state. Despite the relative economic disadvantage of Baltimore City, dense charging
availability is likely influenced by policy measures incentivizing EV adoption by both public
agencies and private owners. To ensure equitable and widespread adoption of EV technology, it
will be imperative to prioritize strategic investments in both economically disadvantaged and less
populated rural areas outside of the centralized regions of Maryland. Outlying rural areas may face
a particular challenge, requiring incentives to develop charging networks that are not only
proportional to their populations but allow for a reasonable minimum proximity to charging for all

residents making EVs a practical technology for all.

3.1 Introduction

With growing global commitment to combat climate change and transition towards sustainable
transportation solutions, electric vehicles (EVs) have emerged as a promising alternative to
Internal Combustion Engine Vehicles (ICEVs). The increasing popularity of EVs is driven by their
lower emissions and reduced dependency on fossil fuels (H. Wang et al., 2023). However, the

widespread adoption of EVs is contingent on overcoming several challenges, particularly the issue
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of accessibility to charging infrastructure (Adhikari et al., 2020). This paper presents an

accessibility study of charging infrastructure for EVs in Maryland.

While there is a strong correlation between current and projected EV ownership and public EV
charger deployment (Hsu & Fingerman, 2021), one of the major challenges to adoption of EVs is
access to charging infrastructure (Egbue & Long, 2012). A growing concern in EV planning is
“charging station deserts,” areas with poor access to charging infrastructure, which tend to be
concentrated in racial minority and low-income communities (Gomez, 2021). An accessibility
study in California found that the odds of having access to public chargers for high-minority block
groups was less than three quarters that of the low-minority reference group (Hsu & Fingerman,
2021). Access was even lower for Black- and Hispanic-majority block groups, which were half as
likely to have access compared with low-minority block groups (Hsu & Fingerman, 2021). A study
in New York City similarly found that the distribution of EV charging stations was heavily skewed
against low—income, Black—identifying, and disinvested neighborhoods (Khan et al., 2022).
Without adequate charging in minority and low-moderate income communities, adoption rates
may struggle to keep pace with market demands and new geographies of exclusion could arise that

systematically disadvantage whole regions from the benefits of EVs (Carlton & Sultana, 2022).

The objective of this study is to analyze the equity of charging station accessibility within
Maryland, one of the wealthiest and most socioeconomically diverse U.S. states. Accessibility is
determined by the geographical distribution of opportunities, the ease of reaching each
opportunity, and the size, quality, and characteristics of the activities there (Church & Marston,

2003; Handy & Niemeier, 1997). From an equity perspective, accessibility can be described as the
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result of the interaction of individuals, the transportation system, and land-use (Pereira et al.,
2017). Accessibility pertains not only to the physical proximity of charging stations but also to the
equitable availability of charging options in different geographical areas and socio-economic

settings.

This study uses Lorenz Curves, Gini Coefficients, and correlations between charging access and
sociodemographic characteristics to assess equitable access to charging infrastructure in Maryland.
By analyzing charging station locations and census data, it offers valuable insights into disparities
in charging accessibility. Our analysis sheds light on areas that lack sufficient charging options,
particularly in underserved communities and rural regions, underscoring the urgency of targeted
investment in charging infrastructure. This study can help inform evidence-based policies
prioritizing accessibility, equity, and inclusivity, fostering a cleaner and sustainable transportation
landscape. This study is a significant step towards building a comprehensive and equitable

charging network, promoting widespread EV adoption, and realizing a greener future.

3.2 Literature Review

Access to charging infrastructure plays a crucial role in reducing range anxiety caused by the
relatively shorter driving ranges of EVs to Internal Combustion Engine Vehicles (ICEVs) (Khan
et al., 2022). Battery Electric Vehicles (BEVs) typically have ranges from 80 to 270 miles, while
Plug-in Hybrid Electric Vehicles (PHEVs) range from 11 to 38 miles on electric power (MDE,
2022). In contrast, ICEVs can travel 200 to 400 miles on a fully fueled tank (Butterworth, 2022).

While ICEV drivers can embark on long trips with the confidence of quick refueling enroute, EV
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drivers must research charging station locations and allocate time for charging during the journey

causing physiological range anxiety (Chen et al., 2020).

The lack of access to EV charging infrastructure in underserved areas serves as a significant barrier
to EV adoption (Canepa et al., 2019). Installing home charging systems is expensive, and for some
moderate-to-low-income people, especially those who live in multifamily apartment buildings,
rental units, or affordable housing developments, it is simply not an option (Palmer, 2022).
Similarly, the absence of charging stations and limited availability of fast charging options pose

an obstacle to EV adoption in rural areas (Chakraborty et al., 2022).

With EVs becoming more affordable, access to charging infrastructure may become the most
prominent barrier to their adoption (Khan et al., 2022). A survey of 2,500+ American drivers found
that the perceived lack of charging stations (identified by 85% of respondents) was the major
barrier stopping car buyers from adopting EVs and more high costs (83%) was the second largest
barrier (F. Lambert, 2017). Surveys of U.S. EV consumers found that public charging and fast

charging were the top criteria when buying an EV (Khan et al., 2022; Shahan, 2017).

Numerous stakeholders, including Federal and State governments, are actively engaged in
advancing EV technologies and improving infrastructure to promote cleaner and more sustainable
transportation options. The Federal government proposed a $7.5 billion plan to install 500,000 EV

charging stations across the US by 2030 (Khan et al., 2022; Wayland, 2021). Maryland Department
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of Environment (MDE) offers grants of up to $4,500 per Level 2 EV charger and up to $600,000
per applicant for workplace EV charging station installations through the Charge Ahead Grant
Program (CAGP) (AFDC, 2022b). MDE also provides grants of up to 80% of the installation cost
for fast charging stations, benefiting non-profits, private companies, and government agencies
(AFDC, 2022b). The Maryland Energy Administration (MEA) offers rebates of up to 40% of the
costs for acquiring and installing qualified EV charging stations for individuals, businesses, or
state and local government entities (AFDC, 2022b). While these efforts are beneficial, there are
concerns that charging infrastructure is disproportionately concentrated in wealthier
neighborhoods, leaving underrepresented regions with limited access to participate in these clean

Initiatives.

Lorenz Curve and Gini coefficient are well-established economic tools used to describe inequality
in the distribution of opportunities (Pavkova et al., 2016). A Gini coefficient is sometimes
interpreted as the percent of inequality within a given population (Catalano et al., 2009). Use of
the Lorenz Curve and the Gini Coefficient in transportation equity studies is well-established. (Cao
et al., 2018) used the Gini coefficient and the Lorenz curve to analyze the horizontal equity of
transit accessibility. Reynolds-Feighan (2007) used Gini indexes to measure the shares of total US
air traffic. Gordon and Peters (2011) investigated the impact of toll revenue on road users using
Lorenz curves and Gini coefficients. It is important, however, to use Lorenz curves and Gini
coefficients carefully as they may oversimplify or ignore complex socio-economic factors and

variations (Cao et al., 2018; Schneider et al., 2005).
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3.3 Data

This study utilizes charging station location data from the Alternative Fuel Data Center (AFDC)

and census tract data obtained from the U.S. Census Bureau.

Alternative Fuel Data Center (AFDC)

This study utilizes charging station location data from the Alternative Fuel Data Center
(AFDC) and census tract data obtained from the U.S. Census Bureau. The AFDC, operating under
the U.S. Department of Energy, serves as an authoritative source of up-to-date information on
alternative fuel usage in transportation (AFDC, 2022a). Through its "station locator," the AFDC
compiles data from service providers and community reports (Carlton & Sultana, 2022). This
publicly available information is regularly updated throughout the year. Charging station location
refers to the deployment locations of charging stations and does not represent the number of
charging outlets at each location. Multiple outlets and chargers may be present at a single charging

station location.

Charging station location data for Maryland was obtained in July 2023, encompassing a total of
1,518 available charging station locations and 4303 EVSE ports. Of these, 1,393 locations and
3,869 EVSE ports were publicly accessible and utilized in this study, accounting for over 90% of
all charging station locations. Approximately 80% of charging ports were Level 2, 19% were fast
charge, and the other 1% were level 1. ChargePoint had the largest EV Network in Maryland, with
over 500 charging locations. Charging station records were detailed, including the types of

charging available, addresses, the number of outlets at each station, use constraints, and ownership
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information. Table 3-1 shows the access codes, charging levels, and EV networks available in

Maryland.

Table 3-1 Summary of the Access codes, Levels of charging, and EV networks in Maryland

Access Code Charging Locations Percent (%)
Private 125 8.2

Public 1,393 91.8

Total 1,518 100.0

Level of Charge EVSE port Percent (%)
Level 3 823 19.1

Level 2 3,441 80.0

Level 1 39 0.9

Total 4,303 100.0

EV Network Charging Locations Percent (%)
FLASH 1 0.1
OpConnect 1 0.1

AMPUP 11 0.7

EV Connect 15 1.0

Electrify America 16 1.1

eVgo Network 28 1.8

Blink Network 33 2.2

Tesla 50 33

Tesla Destination 53 3.5

Volta 72 4.7
SemaCharge 182 12.0

SHELL 229 15.1
Non-Networked 299 19.7
ChargePoint 528 34.8

Total 1,518 100.0
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Socio-economic Data from U.S. Census Bureau

The study uses census tract-level sociodemographic data, including average household income and
racial/ethnic composition, as indicators of sociodemographic disparity. Census tracts from the U.S.
Census Bureau serve as the primary unit of analysis in this study. The population of census tracts
typically ranges between 1,200 and 8,000 people (US Census, 2023). At the time of this study,
Maryland has 1,406 tracts (US Census, 2023). Shapefiles are utilized for mapping and spatial
analysis. These allow for spatial examination of demographic patterns in relation to charging

infrastructure.

3.4 Methodology

Accessibility Measurement

Cumulative accessibility was used to represent access to charging stations, as it is a straightforward
approach for quantifying aggregate, place-based accessibility, typically depicted as absolute
values. It is easy to compute and is similar theoretically to more complex gravity-based measures
(Palacios & El-Geneidy, 2022). This makes cumulative accessibility a preferred approach among
planners and policymakers (Cheng & Bertolini, 2013). In this study, benefits accrued at an origin
location are represented as the cumulative accumulation of opportunities within a specified
distance. Accessibility is computed using the following formula, where (Ai) denotes the
accessibility of origin 1, (Oj) represents the sum of opportunities at destination j, and (Cij) serves

as the distance category, acting as a proxy for the cost of travel time (Equation 1).

(AD) = X(0j) * ﬁ Equation 1.
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Distances between origins and destinations are calculated along great circles between census tract
centroids, represented as latitudes and longitudes, using the Haversine formula. A future iteration
of this study will replace these straight-line distances with route distances along a highway

network.

Destinations are considered accessible to an origin if they are located within a fixed radius. A 5-
mile radius was selected for this study as an estimate of the charging station density necessary for
viable adoption of EVs. By comparison, (Melaina & Bremson, 2008) find that refueling stations
in urban areas may need to be available at an average density equivalent to approximately 1.5
miles between stations to effectively transition to an alternative vehicle fuel technology. The five-
mile radius used in this study represents a more conservative estimate of viable accessibility that
may pertain to both urban and rural areas. Notably, this distance is substantially smaller than the

approximately 200 mile range of many contemporary EVs (Sanguesa et al., 2021).

Correlation Analysis
Pearson correlations are used to measure the direction and strength of the relationships between

charging station accessibility and sociodemographic factors including population density, racial

€.
T

demographic, and median household income. A Pearson coefficient “r” ranges between — 1 and 1,

where 0 is no correlation, and — 1 and 1 is perfect negative and positive correlation, respectively

(Y4
r

(Nettleton, 2014). The Pearson correlation coefficient “r” is calculated as

r = NYxy -XxXy
JWE 2+ @0t W sy + @0

Equation 2.
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Where N is the number of samples, and x and y are the variables. There are varying interpretations
of "r" values. For this analysis, we interpret the absolute value of "r" as follows: r < 0.2 is very
weak, 0.2 <r<0.4 is weak, 0.4 <r < 0.6 is moderate, 0.6 <r < 0.8 is strong, and 0.8 <r <1 is very
strong (Liang et al., 2019). Outliers like Baltimore City in this study, can unduly influence the
Pearson correlation coefficient. To assess the outlier's impact, we conducted correlation analyses

both with and without Baltimore City and compared the resulting coefficients, which is a common

method to assess the influence of an outlier (Schober et al., 2018).

Lorenz and Gini Coefficients

The standard definition of the Lorenz Curve, proposed by Gastwirth (Gastwirth, 1971), is a
function of the cumulative proportion of ordered individuals L(y) against the corresponding
cumulative proportion of “interest variable” (such as income) F(x), where u is the average of the
interest variable (Damgaard & Weiner, 2000; Dixon et al., 1987; Pavkova et al., 2016; Silber,
2012). In this study, L(y) represents a given census tract and F(x) a charging location. The Lorenz
curve shows the cumulative proportion of charging locations within 5 miles for a proportion of the
census tracts.

_foyx d F(x)
U

L(y) Equation 3.

The area between the straight line of equality and the Lorenz curve is the Gini coefficient (Equation
4). It summarizes the degree of inequality as an index between 0 and 1 that is directly comparable
between datasets (Pavkova et al., 2016). The Gini coefficient for a perfectly equal allocation is 0,
while the coefficient for a perfectly unequal allocation is 1 (Teng et al., 2011). The higher the Gini
coefficient, the more unequal the distribution of opportunity (Pavkova et al., 2016).
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Gini coefficient=1 -2 01 L(x)dx Equation 4.

In economics, the Gini coefficient is used to examine allocation equality. A Gini coefficient < 0.2
tends to be interpreted as very low, 0.2—0.3 as low, 0.3—0.4 as medium, 0.4—0.5 as high, and above
0.5 as very high, representing severe inequality (Chen et al., 2014; Lin et al., 2017; Mobaraki et
al.,2013; Teng et al., 2011). This study follows these categorizations to evaluate equality in access

to EV charging.

3.5 Results

Cumulative Accessibility

The densest concentrations of charging stations are in Baltimore City, Baltimore County,
Montgomery County, Howard County, Prince George's County, and Anne Arundel County, which
aligns with their status as the most populous counties in Maryland (Figure 3-1). This suggests that
charging infrastructure development is strongly influenced by population density, aiming to cater
to a larger pool of potential EV users. Baltimore City, Howard County, and Montgomery County
all had census tracts with more than 100 charging locations within a 5-mile radius. Interestingly,
Montgomery and Howard counties have the highest median household incomes in Maryland, while
Baltimore City, by contrast, ranks fourth lowest in terms of household income. This suggests that

population density may be a stronger driver of charging station development than wealth.

While a substantial concentration of charging locations is evident in the urban and central parts of

Maryland, there is a notable decline in access to charging infrastructure in more outlying areas.
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The vast majority of census tracts have access to five or fewer charging stations, and a considerable
number lack access to any public charging. The absence of conveniently located charging stations
may deter potential EV adopters or travel to these areas. The scarcity of charging infrastructure in
far-suburban and rural regions may exacerbate range anxiety for those who need to travel outside
of urban centers. This underscores the importance of strategic planning and investment in
expanding charging networks to ensure widespread accessibility and enhance EV adoption rates

across the state.

Wicomico

Figure 3-1 Counts of EV Charging Locations Within Maryland Tracts.

Correlation Between Socio-economic Factors and Charging Locations

Scatter plots and Pearson correlations were utilized to evaluate the association between
socioeconomic characteristics—including population density, racial/ethnic demographics, median
household income—and access to charging locations. Statewide, there is a very high positive
correlation of 0.87 between population density and charging accessibility (Figure 3-2). The
lefthand plot shows two distinct clusters. The bottom left corner shows tracts with low population

density and a scarcity of charging locations, primarily in rural regions. By contrast, the top right
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corner shows tracts with higher population densities, ranging from 5,000 to 7,000 residents per
square mile, and high access to EV charging. The red points indicate tracts within Baltimore City,
which tends to have both the highest access to charging and the highest population density within
Maryland. There are very few tracts in other parts of the state with more than 150 charging

locations within 5-miles, while this concentration is common within Baltimore City.

Outside Baltimore, and particularly in rural areas with lower population densities, access to
charging tends to be sustainably lower. This may be due to higher instances of home-charging
among EV owners. By contrast, urban areas, where rates of homeownership are lower, tend to
have a higher prevalence of public charging. Another factor contributing to the concentration of
public charging locations in urban settings may be higher concentrations of commercial land uses,

which may offer charging for employees or customers.
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Figure 3-2 Correlation Between Population Density and Charging Locations.
To identify potential disparities in access to EV infrastructure in communities of color, we examine
correlations between charging access and the proportion of populations that identify as White
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alone. We observe a weak negative correlation between the proportion White and access to
charging stations (Figure 3-3a). There is minimal change in the correlation from -0.41 to -0.45
when excluding Baltimore City, which appears to have outlying concentrations of both charging
stations and non-white populations (Figure 3-3b). These overall negative correlations may be
attributed to rural tracts with high proportions of White residents who have limited access to public
charging. The proportion of Black residents had a weak positive correlation of 0.4 with the access
to charging (Figure 3-3c). This correlation might be influenced by the high proportion of Black
residents in Baltimore City. Figure 3d excludes Baltimore City, resulting in a much weaker
correlation of 0.15. This suggests that in the remainder of the state, the distribution of Black

residents does not appear to be a strong driver of charging access.
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Figure 3-3 Correlation Between Racial Proportion and Charging Locations.

There is a weak relationship between household income and charging access, and this correlation

changes in direction depending on whether Baltimore City tracts are included in the analysis
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(Figure 3-4). Statewide, correlation with median household income is -0.25. However, when
excluding Baltimore City tracts, there is a sign flip into a weak positive correlation of 0.28. This
suggests that, while wealthier areas tend to have more access to charging in most parts of
Maryland, high access to charging in relatively poor Baltimore City drives a contrasting trend.
Notably, this evidence from low-income Baltimore tracts stand counter to prevailing theory that
EV infrastructure is developed more extensively in more economically advantaged communities
(7). This suggests that strong local policy encouraging development of EV charging may

counteract prevailing economic forces driving socioeconomic disparity in infrastructure

development.
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Figure 3-4 Correlation between Median Household Income and Charging Locations.

Lorenz Curve and Gini Coefficients

Lorenz curves in Figure 3-5 show the cumulative share of charging station locations accessible by
the cumulative share of census tracts. These Lorenz curves, and their associated Gini coefficients,
reveal substantial disparities in charging accessibility across the study area. The diagonal lines on
the Lorenz curve represent the hypothetical case of perfect equality, with a Gini coefficient of zero.
The Lorenz curve to the left shows that tracts in the bottom 85% of census trcts have approximately
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50% of the state’s cumulative charging station access, while those in the top 15% have the other
50% of cumulative accessibility. Tracts within the bottom 20% have less than 1% of the cumulative
access to charging stations. Our measured Gini coefficient of 0.58 indicates a high degree of

inequality.

The Lorenz curve to the right shows the cumulative accessibility normalized by the population
within a 5-mile radius of each tract. Inequality is lower when accounting for population, as
evidenced by the Gini coefficient of 0.38. The Gini coefficient of 0.38 indicates medium
inequality, however, this is just shy of 0.4 which would signal high inequality. This implies that
certain regions experience a disproportionately higher concentration of charging stations relative
to their population density. Policymakers and stakeholders should focus on directing resources and
investments toward underserved regions to create a more equitable charging infrastructure
network. By doing so, opportunities for charging access can be improved, fostering EV adoption

and supporting a sustainable transition to cleaner transportation systems.
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Figure 3-5 Lorenz Curve of Access to Charging Locations.
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3.6 Conclusion and Future Work

Access to charging stations is crucial for supporting EV adoption and must be equitably distributed
to prevent disproportionate burdens by vulnerable communities. Our study incorporates
cumulative accessibility measurement, Pearson correlation, and Lorenz curves to examine the
socio-economic disparities in the deployment of EV Charging Stations in Maryland. The
cumulative accessibility to charging locations within a 5-mile radius was studied as it is a
reasonable driving distance to limit range anxiety. We find a concentration of charging locations
in urban and central regions particularly: Baltimore City, Baltimore County, Montgomery County,
Howard County, Prince George's County, and Anne Arundel County which are the more urban
areas of Maryland. Baltimore City however stands out as an outlier due to most tracts in the city
having over 150 public charging locations within a 5-mile radius, significantly more than other
areas. This is because it is by far the smallest county in terms of land area (81 square miles), it is
the densest county in Maryland with a population density of 7,235 people per square mile, which
is over three times denser than the second densest county and over 120 times denser than the least

dense county in Maryland (U.S. Census Bureau, 2023).

Access to public charging was limited in rural areas, with the most tracts having access to five or
fewer charging locations, and a considerable number lacking access to any public charging
location within 5 miles. Investing in increasing public charging in rural areas may alleviate range
anxiety for EV adopters residing in rural areas (Tolbert, 2021). Policy focused on improving access
to public charging in rural areas may help reduce range anxiety when consumers need to travel

outside the more centralized regions of Maryland.
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Population density showed a very high positive correlation (0.87) with access to public charging
locations, and even after excluding the outlier Baltimore City, the correlation coefficient remained
very high at 0.82. The race/ethnic makeup of the tract population had a moderate correlation to
access to charging locations. Excluding Baltimore City revealed a very weak correlation of
charging locations with the proportion of Black residents. We found the correlation between public
charging location and median household income was strongly affected by and not resistant to the
outlier Baltimore City. Excluding Baltimore City flipped the relationship from negative to positive.
This makes sense as Baltimore City has the fourth lowest median household income but most of

its tracts had access to over 150 public charging stations within 5 miles.

The Lorenz curve showed a high degree of inequality with 15% of the census tracts having 50%
of cumulative accessibility. Given that population density had a high correlation with the
distribution of charging we normalized the available charging locations by population, and this
reduced the Gini coefficient from 0.58 indicating a high degree of inequality to 0.38, just shy of
the conventional threshold for high inequality. Lorenz curves have limitations as they measure
equality rather than equity in society, but they offer valuable insights into the deployment of public

charging infrastructure.

The current findings indicate that public charging investments have been primarily focused on the
state's densest regions, potentially masking disparities in accessibility for low-income populations
residing in the urban core compared to higher-income groups located farther from the central urban
areas, who may still face constraints in terms of cost and time for charging. While correlations

offer valuable insights, future research should aim to examine the interplay of multiple socio-
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economic indicators on the availability of charging infrastructure to present a comprehensive
understanding of the situation. Additionally, the concentration of accessible opportunities in areas
with dense mixed land uses, including jobs, shopping, and public charging, might create
disadvantages for less dense communities and should be investigated (Geurs et al., 2009).
Therefore, future studies could consider the specific characteristics of land use in proximity to

public charging stations.

This study contributes to a deeper understanding of the spatial distribution and proximity of
charging stations in Maryland, shedding light on areas with limited charging infrastructure
presence. The concentration of charging stations in the most populous counties, particularly in
Baltimore City, Howard County, and Montgomery County, suggests a strategic approach to cater
to a larger demographic of potential EV users. However, strategic interventions will be needed to
incentivize the development of a more spatially distributed charging network that reaches more
outlying suburbs, rural areas, and lower-income Marylanders. These findings provide valuable
insights for policymakers, urban planners, and stakeholders involved in shaping the future of
sustainable transportation. By understanding the spatial distribution of charging stations, decision-
makers can devise targeted strategies to foster EV adoption and promote the development of a
robust charging infrastructure network. The implications of this research extend beyond
Maryland's borders, as the lessons learned can serve as a blueprint for other regions seeking to

build a comprehensive and equitable charging infrastructure network.
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Chapter 4: Environmental Justice Analysis: A Case Study of
Electric Vehicle Charging Infrastructure in Baltimore City

Abstract

The limited availability and accessibility of Electric Vehicle (EV) infrastructure in minority and
low-income communities, present significant barriers to widespread EV adoption. Despite its high
poverty rates and majority-minority population, Baltimore City stands out with the highest
concentration of EV charging stations in Maryland. This study aims to investigate Baltimore City's
EV infrastructure investment and whether disparities in EV charging infrastructure distribution
exist within the City. Our analysis is conducted through four key lenses: speed, network, access,
and facility type. Leveraging EV charging station data from the Alternative Fuel Data Center
(AFDC) and sociodemographic data from the Census Bureau, we examine the spatial distribution
of charging stations and their association with sociodemographic factors at the block group level.
Employing Moran's 1 spatial analysis and zero-inflated Poisson (ZIP) regression models, we
investigate clustering patterns in charging station distribution and explore the relationship between
charging station categories and sociodemographic characteristics. Weak clustering was observed
for each charging station category. While our regression models revealed that higher proportions
of People of Color (POC) in block groups were associated with a greater likelihood of no charging
stations present, lower-income block groups were more likely to have EV charging stations. Most
charging stations (39%) were in parking garages, while the least charging stations (7%) were in
residential locations. We highlight key policy initiatives in Baltimore City and offer

recommendations to improve access to charging infrastructure in underserved regions.
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4.1 Introduction

Widespread adoption of EVs is hindered by the lack of charging infrastructure (Carley et al., 2013).
Historically, EV charging investments have favored well-resourced, higher-income communities,
further exacerbating disparities (Bartholomew et al., 2022; Zhou et al., 2022). An examination of
charging stations in Maryland revealed that Baltimore City has the highest density of charging
stations compared to other jurisdictions, despite its high minority population and a history of high
poverty rates (Botts et al., 2016). Low-income and high-racial minority populations are known to
lack access to EV charging infrastructure (Bauer et al., 2021; Carlton & Sultana, 2022; Englund,
2021; Hsu & Fingerman, 2021; Muehlegger & Rapson, 2018b). We investigate if disparities in the
presence and characteristics of EV charging infrastructure distribution exist within the City both
geographically and across sociodemographics. Our investigation is structured around four key
lenses: speed, network, access, and facility type, focusing on the differences in EV infrastructure
access across minority and non-minority communities. We relate our findings to policies that have

influenced investments in EV charging infrastructure.

Federal, state, and local policies all play an essential role in funding EV charging stations
(Wolbertus et al., 2020). At the federal level, to promote EV adoption while mitigating

transportation-related greenhouse gas emissions, the Bipartisan Infrastructure Law (BIL), passed

in November 2021, allocates $5 billion specifically for EV chargers (USDOT, 2022a). This
funding aims to establish a nationwide network of 500,000 EV chargers (Zhou et al., 2022). To
ensure the inclusion of disadvantaged communities, the Biden administration established the

Justice40 Initiative, mandating that at least 40 percent of the overall benefits of federal
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investments, specifically those related to EV charging stations, flow to disadvantaged communities
(DOE, 2022). Substantial EV grant investments and charging infrastructure initiatives were made
in Baltimore City even before the enactment of the BIL, indicating a sustained commitment to EV
infrastructure development (Wagner, 2011; Wheeler, 2010). Grey literature revealed a consistent
endorsement of EV infrastructure by both local and state government representatives, both before
and after the BIL (Wagner, 2011; Wheeler, 2010). This support likely contributed to the significant
investment in EV charging (MDOT, 2023). Additionally, there is evidence of local government
backing for environmental justice-led initiatives to introduce EVs into low-income communities
(Wheeler, 2010; Zawodny, 2024). In Baltimore City, public-private partnerships, utility
companies, universities, research institutions, and federal, state, and local government entities have
promoted EV charging infrastructure, emphasizing the importance of equity in charging station

deployment(MD DGS, 2022; MDOT, 2023; Wagner, 2011; Wheeler, 2010; Zawodny, 2024).

We used openly available data and mapping tools to perform regression and spatial analysis to
investigate charging infrastructure deployment in Baltimore City. We compare the characteristics
of charging stations across sociodemographic categories in the city. We find that, in general, the
higher the percentage of people of color (POC), the less likely charging stations were to be present
in the block group. Unlike similar regional case studies (Henderson, 2020; Hsu & Fingerman,
2021; Roy & Law, 2022), our findings in Baltimore City reveal a different trend: income had an
inverse relationship with the number of public charging stations. This suggests that policy
initiatives aimed at disadvantaged communities may have significantly influenced this dynamic.
Government efforts have been active towards public Level 2 charging stations in parking lots and

garages, as well as the promotion of office charging (Wheeler, 2013). However, office and garage
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charging is often restricted to employees and patrons, with associated parking fees (Litman, 2023).
There is a need for more residential charging programs in underserved communities as we found
home-charging stations were inversely related to income and %POC. Policymakers seeking to
reduce the disparities in Baltimore City could promote home charging incentives tailored to

underserved communities.

4.2 Development of EV Charging in Baltimore City

Baltimore City stands out among other Maryland counties by having one of the highest
concentrations of EV charging locations (Figure 1a). As of December 2023, the City had 757 EV
chargers, according to the AFDC database. Weighted by the number of vehicles owned in each
county, Baltimore City stands out with nearly 25 charging stations for every 10,000 vehicles, while
all other Maryland jurisdictions have less than 15 charging stations per 10,000 vehicles (Figure
1b). EV adoption in the region has surged, having 150% growth from 1590 registered EV's in 2020
to over 4000 in 2023 (AFDC, 2023). Baltimore City ranks fifth in the percentage of EVs to
registered vehicles amongst Maryland counties, with 1.18% of vehicles in Baltimore City

registered as EVs (Lanny, 2023).
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Figure 4-1 Counts of Charging Stations by County.

A culmination of physical qualities of Baltimore City, such as its high density, central positioning,
presence of economic wealth and businesses, government funding initiatives, and efforts from

local leadership and organizations, has propelled the growth of EV infrastructure and EV uptake

in the city.

Baltimore City, with a population of slightly over half a million in 2020 and the smallest
jurisdiction in land area (81 square miles), is the most densely populated municipality in Maryland
(Census Bureau, 2023). Baltimore City's population density of approximately 6,760.1/sq mi
exceeds three times the density of Montgomery County, the second densest county. Studies have
shown a positive correlation between charging infrastructure supply and population density (Z.

Wang et al., 2023). Moreover, Baltimore's strategic central location in the Mid-Atlantic region and
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in Maryland, with convenient access to major highways, positions it favorably for federal grants

targeting charging infrastructure development along highways.

However, Baltimore City's demographic makeup presents unique challenges of redlining and other
equity issues. It has a majority racial minority population and a historical pattern of residential
segregation, resulting in a significant minority population residing in areas characterized by
concentrated poverty (Botts et al., 2016; Nwachukwu, 2015). This has contributed to a racial
wealth disparity within the city, with predominantly Black neighborhoods experiencing lower
economic status (Asante-Muhammed, 2017; Berube & McDearman, 2015). Despite having low
individual income and the third-lowest median household income among counties in Maryland,
along with a high poverty rate (Census Bureau, 2023), Baltimore City has a thriving economy and
overall wealth, ranking among the fastest-growing economies in Maryland. It has the 8th fastest-
growing gross domestic product (GDP) among counties in the country, with at least $50 billion in
GDP in 2022 (MDOC, 2023). This economic prosperity attracts private investment in EV charging
infrastructure (Z. Wang et al., 2023). There are also grants in Baltimore City that support these
businesses and institutions to install workplace and commercial EV charging stations (AFDC,

2024; MEA, 2024).

Local city leadership and politicians have supported clean energy and sustainable transportation
initiatives. Grey literature showed that past Baltimore City mayors, such as O’Malley and
Rawlings-Blake, publicly demonstrated support by driving and recharging EVs at industry events

(City of Baltimore, 2011; Wagner, 2011). Support from city leadership contributes substantially
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to the proliferation of charging infrastructure. There are also clean energy and non-profit
sustainability institutes headquartered in Baltimore City, such as the Electric Vehicle Institute,

which aid in EV charging deployment (AFDC, 2023).

4.3 Policy Efforts

We collected historical policy data from government and private agency stakeholders' platforms
to examine the temporal impact of different policies on EV deployment over time. These policies
were organized chronologically and compared with the yearly deployment of charging
infrastructure. However, we encountered challenges in obtaining data on the funding allocated or
charging stations deployed by certain programs due to historical data record-keeping limitations
and issues related to non-centralized data collection, as well as concerns regarding privacy and

clearance.

State-level and local government agencies were crucial in shaping the EV charging infrastructure
landscape. Table 4.1 outlines federal and state program initiatives that funded EV charging
installations in Baltimore City. Most federal funding has been provided through the Department
of Energy (DOE) and the United States Department of Transportation (USDOT), while state-level
funding has come from the Maryland Energy Administration (MEA), the Maryland Department

of the Environment (MDE), and more recently, the Maryland Clean Energy Center (MCEC).

Table 4-1 Grants for EV Infrastructure in Baltimore City.

Policy Description Baltimore | Source | Year Level
City
EV Infrastructure Grant Program $134,500 | MEA 2010 State
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The city of Baltimore received $134,500 out of the $1 million
to install charging stations in parking garages (Wheeler,
2010). The grant was funded by a multi-state federal lawsuit
against American Electric Power (AEP) Service Corp. (DOJ,

2007; MEA, 2014).

ChargePoint America program

The ChargePoint America (CPA) project provided more than
4,600 (4762 to be exact) Level 2 free charging stations to
residential, MDU, and commercial customers in ten
metropolitan regions, including the Washington DC-
Baltimore region (Gogineni, 2013). This program deployed
263 charging stations in the DC-Maryland region (Gogineni,
2013). EV chargers were installed from 2010 to 2013 to
collect data for research purposes. The project was funded by
a $15 million matching grant from the American Recovery
and Reinvestment Act via the Transportation Electrification

Initiative administered by the DOE (Gogineni, 2013).

Not Found

DOE

2010

Federal

&

State

Strategic Energy Investment Fund (SEIF)

EV Charging rebate
Amount: $500,000 in 2014 (MDE, 2013).
The Solar Canopy EV Infrastructure Grant Program

under SEIF provides funding for the installation of Level 2

Not Found

MEA

2014

State
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and Level 3 EV charging stations in conjunction with canopy
systems (SEIF, 2022).

The Maryland Energy Efficiency Grant Program under
SEIF included $1 million in the State FY 2014 budget for
charging stations at MARC and Metro Stations (MDE, 2013;

O’Malley et al., 2013; SEIF, 2022).

Electric Vehicle Supply Equipment (EVSE) Tax Credit

MEA provides a tax credit for EVSE. The credit equals 20%
of the cost of qualified EVSE, capped at $400 or the state
income tax for the year (AFDC, 2024). We did not find

recipient data.

Not Found

MEA

2016

State

EV Charging Station Rebate Program

Through the Volkswagen Environmental Mitigation Trust,
Maryland offers residential rebates of up to $700 per charger
and commercial rebates of up to $5,000 per charger (MEA,
2024). We were unable to find documentation of rebate

awardees was not found.

Not Found

MEA

2017

State

Public Service Commission (PSC) Pilot Program

The PSC initiated a pilot program for electric investor-owned
utilities (IOUs), including BGE, Pepco, Delmarva, and

Potomac Edison. Under this program, IOUs can deploy

42 EV

chargers

PSC/

Utilities

2019

State

62



https://www.zotero.org/google-docs/?broken=rWh21r
https://www.zotero.org/google-docs/?broken=rWh21r

charging stations on public state facilities without state
funding. As part of the agreement, IOUs were authorized to
install a specified number of publicly accessible charging
stations and were responsible for supplying electricity and
charging customers for their usage (MD DGS, 2022; PSC,
2021). As of 2022, Baltimore City has benefited from this
program with 31 Level 2 chargers and 11 DCFC stations

installed (PSC, 2021).

Private Utility Rebates

BGE, Baltimore City's primary utility company, provided
rebates for residential and multifamily customers purchasing
Level 2 EV charging stations, ranging from $300 to $20,000.
Commercial rebates covered 50% of the purchase and
installation costs of eligible Level 2 and Level 3 EV charging

stations with restrictions (AFDC, 2022a).

Not Found

Utilities

2019

Private

Charge Ahead Grant Program (CAGP) and Electric Corridors

Grant Program (ECGP)

Maryland allocated funding from the Volkswagen
Environmental Mitigation Trust through CAGP and ECGP to
invest in light-duty EVSE projects. This funding supports the
installation of workplace charging stations and public

charging infrastructure along critical corridors and hubs. The

$660,000

MDE

2022

State

Federal
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grant covers up to 60% of installation costs for workplace EV
charging stations, providing up to $4,500 per Level 2 EV
charger and up to $600,000 per applicant (AFDC, 2024). The
program has made awards for the first two funding rounds,
with plans to open the final round in 2024. Baltimore City

received $660,000 thus far (MDE, 2023).

National Electric Vehicle Infrastructure (NEVI)

The NEVI program under BIL aims to develop a
comprehensive charging network, primarily along the
Interstate Highway System (AFDC, 2024). Funds can be
utilized on public accessible locations (AFDC, 2024).
Maryland was allocated approximately $63 million from the
NEVI Formula Program between 2022-2026 (MDOT, 2022).
The first round of awards from Maryland's NEVI program

will be announced in 2024 (ZEVIP, 2024).

NA

USDO

2022

Federal

Charging and Fueling Infrastructure (CFI) Discretionary

Grant

MCEC secured a $15 million federal grant from BIL to
implement the Maryland Equitable Charging Infrastructure
Partnership (MECIP), aimed at installing 58 new electric
vehicle charging stations statewide, with a particular

emphasis on underserved communities (FHWA, 2024;

NA

MCEC

2024

Federal
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Hofstaedter, 2024; Malcolm-Lym, 2024). While these
charging stations are pending deployment, MCEC has
announced plans to locate some of them at Coppin State
University, a Historically Black Colleges and University
(HBCUgs), and a GIANT Food Store in Baltimore City

(Hofstaedter, 2024; Malcolm-Lym, 2024).

In 2010, the EV Infrastructure Grant Program allocated $134,500 to deploy EV infrastructure in
Baltimore City (Wheeler, 2010). During the same year, the DOE, in collaboration with CPA,
launched a $30 million program to install over 4,600 Level 2 charging stations in residential, MDU,
and commercial settings across metropolitan regions, including Baltimore City (Gogineni, 2013).
This program aimed to establish a national model of a public-private partnership with widespread
support. By 2012, the CPA program had achieved its target of installing 4,600 charging stations
(Goginenti, 2013). From 2014 to 2017, MEA programs such as SEIF, EVSE tax credits, and EVSE
rebates, in collaboration with utilities, were initiated (AFDC, 2024; SEIF, 2022). However, we did
not find data on EV infrastructure funded under MEA programs. This was partly due to the lack

of record-keeping of historic data and noncentralized data collection.

In 2019, the PSC launched a pilot program allowing utilities to install chargers on state-owned
properties for free and generate revenue from users (MD DGS, 2022; PSC, 2021). As a result, 42
EV chargers were installed in Baltimore City as of 2022 (PSC, 2021). Baltimore Gas Electric
(BGE), the primary utility provider in Baltimore City, also began providing rebates for residential

and commercial EV Infrastructure in 2019 (BGE, 2023). BGE rebate awards data is not open data
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and, as a result, is not available to the public. In 2022, MDE began awarding funding through the
CAGP and ECGP, supporting the installation of workplace charging stations and public charging
infrastructure along key corridors and hubs (MDE, 2023). CAGP led to 66 Level 2 EV charging
stations, and ECGP to 7 Level 3 EV charging stations in Baltimore City (MDE, 2023). More
recently, the NEVI funding and CFI grants were announced under BIL (FHWA, 2024; MDOT,
2023). Although no chargers have been deployed yet from these funds, both NEVI and CFI
programs have identified Baltimore City as a key location for targeted EV charging deployment

(Bachman, 2024; ZEVIP, 2024).

Figure 4.2 illustrates the annual deployment of charging stations in Baltimore City, capturing both
grant-funded and privately funded installations. Between 2011 and 2013, when the EVI and CPA
grants were available, approximately 70 chargers were deployed. During this time, there was
substantial public support for EV infrastructure by then-Mayor Rawlings-Blake and then-
Governor O'Malley, who was the previous Mayor of Baltimore City (City of Baltimore, 2011;
Maryland.gov, 2023; maryland.gov, 2023). From 2011 to 2023, an average of 60 charging stations
were installed annually. The dip observed in 2013 and 2014 may be attributed, at least in part, to

a lack of government funding.
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Figure 4-2 Yearly deployment of charging stations in Baltimore City.

From 2015 onward, government efforts to bolster EV infrastructure remained steadfast, with over
50 new charging stations added each year, except for 2020, likely due to disruptions from the
COVID-19 pandemic (Mohammed et al., 2024). Nevertheless, deployment rebounded post-2020,

with over 100 new stations deployed in 2023.

Baltimore City's continuous expansion of charging infrastructure has resulted partly from its
proactive efforts to secure federal and state funding for EV charging since 2010. By 2023, the city
had established over five EV infrastructure grant programs, complemented by robust private utility
initiatives. These multi-layered initiatives, coupled with Baltimore City's urban landscape, central
location within Maryland, connectivity to highways, dense population, local leadership
involvement, and thriving economy, contribute towards explaining its consistent investment in EV

infrastructure.
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4.4 Literature Review

EVs have lower emissions making them more environmentally friendly compared to internal
combustion engine vehicles (ICEVs) (Challa et al., 2022; Wei et al., 2018). Range anxiety and
prolonged recharge times hinder EV adoption (Noel et al., 2020; Pevec et al., 2019; Wollschlaeger,
2020). EVs with the shortest and longest range can travel approximately 150 and 400 miles,
respectively, on a full charge (Slowik et al., 2022). Limited supply and access to EV infrastructure
are well-recognized barriers to EV uptake (Adepetu et al., 2016; Ajanovic & Haas, 2016; Egbue
& Long, 2012; Graham-Rowe et al., 2012; Hardman et al., 2018; Javid & Nejat, 2017). We review
the literature on four lenses through which we structure our analysis of charging stations in

Baltimore City: Speed, Network, Access, and Facility type.

Speed Type

The amount of time spent at a charging station as well as the costs associated with charging, are
pivotal to EV adoption (Mohammed et al., 2024). Charging stations are commonly categorized
into three speed-based levels: Level 1, Level 2, and Level 3, also known as direct current fast
charging (DCFC) (Mastoi et al., 2022). Each level of EV charger speed offers different power,
service, and cost implications that influence user convenience and experience. Level 1 chargers,
intended for overnight charging, charge at less than 6 miles per hour, with purchase costs ranging
from $300 to $1,500 (Mastoi et al., 2022; Smith & Castellano, 2015). Level 1 charge cables are
frequently included with EV purchases and can be easily plugged into standard 120-V outlets
without additional installation fees (Mastoi et al., 2022; Miele et al., 2020; Smith & Castellano,

2015).
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Level 2 charging provides faster charging than Level 1 chargers. Level-2 chargers range widely in
charging speed (10-60 miles per hour), purchase cost ($400-$6,500), and installation expenses
($2,200-$4,500) (Adhanom & Coffin, 2022; Smith & Castellano, 2015). In the United States, the
median cost for residential Level 2 chargers is approximately $600, with installation averaging
around $1,300 (Borlaug et al., 2020)). Level 3 charging is the fastest level (75-270 miles per hour)
(Smith & Castellano, 2015). Level 3 purchase and installation costs are known to exceed $50,000
(Smith & Castellano, 2015). Despite often being less utilized, Level-3 chargers strategically
support long journeys (Hardman et al., 2018; USDOT, 2023; Wollschlaeger, 2020). Studies have
identified fast charging as a top criterion when purchasing or considering an EV (Nicholas & Hall,

2018; Ullah et al., 2023; B. Zhang et al., 2021).

While charging times and costs vary based on factors such as network, supplier, location,
incentives, and vehicle, economists anticipate eventual cost reductions due to economies of scale
(Nelder & Rogers, 2019). In the meantime, government and utility programs have the potential to
significantly reduce purchase and installation expenses, promoting EV adoption and addressing

concerns related to charging efficiency and equity (Kressig et al., 2022).

Network Type

The quality of service provided by a charging station affects its reliability, maintenance, and impact
on the grid. Non-networked chargers, also known as standalone or offline chargers, operate
independently without central network connectivity and cannot be accessed or managed remotely
(Kelly et al., 2019). While non-networked stations are often less expensive to purchase and install
compared to networked charging, they may strain electric grids in disadvantaged energy

communities (Hardman et al., 2018; Mazhar et al., 2023; Nelder & Rogers, 2019; Omishakin,
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2022)). Nonetheless, non-networked chargers are beneficial for residential charging, where
centralized pricing may be preferred, as well as in rural parks with limited cell service (Adhanom

& Coffin, 2022; Kelly et al., 2019).

Networked charging stations are connected remotely via the internet and integrated into an
infrastructure system (Adhanom & Coffin, 2022). They are advantageous for easy searchability,
collecting charger utilization data, dynamic pricing adjustments, remote updates, maintenance or
repair, and are often preferred over non-networked charging for public charging (Adhanom &
Coffin, 2022; Hardman et al., 2018; Kelly et al., 2019; Nelder & Rogers, 2019). A survey revealed
users considered Networked charging services more reliable than Non-networked charging (Y. Liu
et al., 2023). Smart charging on networked stations can enhance grid performance and minimize
impacts on low-voltage grids (Goebel, 2013; Heinrichs & Jochem, 2016; Moghaddam et al., 2018;
Tirunagari et al., 2022). While EV penetration hasn't significantly impacted grid demand (Mazhar
et al., 2023), effective management becomes crucial with rising EV adoption (Hardman et al.,

2018; Nelder & Rogers, 2019).

Access type

Public charging infrastructure plays a crucial role in alleviating range anxiety and is often
necessary for completing long trips (Chakraborty et al., 2022; Hsu & Fingerman, 2021; Khan et
al., 2022; LaMonaca & Ryan, 2022; Noel et al., 2020; Pardo-Bosch et al., 2021; Powell et al.,
2022). Surveys have identified public charging as a top criterion for purchasing or considering an
EV (Carley et al., 2013; Egbue & Long, 2012; Krupa et al., 2014; Shahan, 2017; Shin et al., 2019).
However, the current number and distribution of public charging stations are inadequate to meet

the needs of EV drivers, representing a major hindrance to the widespread adoption of EVs
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(Hopkins et al., 2023; Yufang et al., 2023). While private EV charging infrastructure contributes
significantly to supporting EV adoption, its accessibility may be limited to specific user groups.
This type of infrastructure is typically installed at residential properties, workplaces, hotels, and
other private locations. Patt et al.,(2019) showed respondents with access to private charging

facilities were nearly twice as inclined to express a strong inclination to buy an EV.

Facility Type

The facility and land use where EV charging stations are located impact accessibility but have
rarely been studied. Investigating the types of locations where charging is available to underserved
communities is crucial to understanding if community needs are being met and if investment

efforts are beneficial.

Residential charging

Residential charging, also known as at-home charging, is pivotal for EV adoption. Approximately
50-80% of EV charging in the U.S. is done at home due to its convenience and affordability
(Bailey et al., 2015; Blonsky et al., 2021; Franke & Krems, 2013; Hardman et al., 2018; Mastoi et
al., 2022; Patt et al., 2019). However, disparities in EV charging access between multifamily and
single-family dwellings, favoring owned homes, underscore an equity concern (Ge et al., 2021).
Residential charging access is closely linked to single-family home ownership and higher income
(Kressig et al., 2022). For those lacking home garages or designated parking spaces, charging can
be challenging (Patt et al., 2019). Residents in multifamily developments (MUD) face limitations
as installing chargers typically require management approval, creating a demand-supply challenge
when property owners prioritize increased EV demand before installing more chargers in

multifamily properties (Wollschlaeger, 2020)). Non-residential charging options are generally
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more expensive, raising equity concerns (Ge et al., 2021). If multifamily developments (MUD)
residents solely depend on public charging opportunities for EV fueling, the public charger access
gap, especially in areas with higher MUD housing unit rates, continues to persist as a barrier for
underserved communities to adopt EVs (Hsu & Fingerman, 2021; Niwa, 2022). Therefore, there
is a need for increased investment in EV charging infrastructure within residential buildings. The
growth of home charging access over time will be a major factor in determining future public
charging investments (Bauer, 2021a) . While regular at-home charging is an advantage of EV
technology, it doesn't suffice for all charging needs. A combination of public charging and fast

charging is essential to enhance overall charging access (Nicholas & Hall, 2018).

Workplace charging

Workplace charging is recognized as the most important secondary charging point after home
charging (Bjornsson & Karlsson, 2015; Huang & Zhou, 2015; Skippon & Garwood, 2011). A
study found approximately 15-25% of charging events for EV commuters take place at work
(Hardman et al., 2018). A UK study found that the availability of workplace charging increased
participants' likelihood of considering owning an EV (Skippon & Garwood, 2011). Workplace
charging is often privately owned and, therefore, not accessible to the general public (Nicholas et
al., 2019). Loss of parking spots to benefit a small number of employees and potential overuse by
those who already have home charging are equity issues with workplace charging investment
(Husak & Font, 2023; Winn, 2022). Nonetheless, workplace charging could be crucial for EV

penetration, especially if employers provide free or affordable charging (Wu, 2018).

Shopping and Leisure
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Public charging is often located at retail sites, especially supermarkets (Francfort et al., 2015;
LaMonaca & Ryan, 2022). Free charging attracts customers (Bjornsson & Karlsson, 2015), and
89% of EV drivers typically make a purchase while charging at a retail location (Gilleran et al.,
2021). Other common commercial public charging locations include petrol stations, rest stops,
dealerships, restaurants, libraries, parks, and schools (Cai et al., 2014; Q. Liu et al., 2019). Given
the longer refueling times for EVs compared to gas-powered vehicles, the opportunity for shopping
and leisure activities during refueling is particularly attractive (Gilleran et al., 2021). High
installation costs and uncertainty regarding evolving EV technology and behavior patterns may
deter retailers from installing charging (Leung & Peace, 2020). Concerns about EV charging
etiquette, such as unplugging others' vehicles when not sufficiently charged or parking in EV
spaces without charging or when fully charged, are also noteworthy (Bonges & Lusk, 2016). Many
studies have investigated optimal public charging needs; however, there is heterogeneity among
drivers and locations (Daina et al., 2017; Franke & Krems, 2013; Zoepf et al., 2013). Nonetheless,
the collaboration between retailers, utilities, parking garage companies, and consumers to provide
public charging at commercial locations is encouraged (Francfort et al., 2015; LaMonaca & Ryan,

2022).

Parking Garages

Parking garages and lots are convenient for EV infrastructure investment because they often are
centrally located in urban areas with many visitors (De Gennaro et al., 2015)) who may have long
dwelling times (De Gennaro et al., 2015)). Garages may already have electrical systems for easy
installation (Kumar et al., 2023), and closed garages provide shelter to protect charging stations

from weather damage ((Kumar et al., 2023)).
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4.5 Data

Charging Station Locations

Charging station location data was collected from the U.S. Department of Energy (DOE)
Alternative Fuels Data Center (AFDC)(AFDC, 2022). AFDC is an online open resource hub for
information on charging stations in the US (AFDC, 2022). The data was collected on December
26th, 2023, at which time there were 246 unique charging station locations, 675 Level 2, and 82
Level 3 EV chargers recorded for Baltimore City. We did not collect data on level 1 chargers. Each
charging station record contains 65 variables related to charging location characteristics (see
AFDC, 2022). We analyzed five key variables: Location, Access type, Facility type, Level of
charge, and Network type. There was missing facility-type data, which we addressed by manually
looking up the addresses. The other variables used from the AFDC dataset did not have missing

data.

Socio-economic Data

We also utilized socio-demographic data from the 2022 U.S. Census Bureau American
Community Survey (ACS). AFDC and ACS data were merged by Block Group. We analyzed
charging stations and sociodemographic data at the Block Group level because it was the smallest
geographical unit for which ACS published sample data. There were 619 Block Groups in
Baltimore City, out of which 99 had charging stations. Sociodemographic data for median

household income, race, age, population, and employment rate were used in this study.

74


https://www.zotero.org/google-docs/?broken=RLBEoT
https://www.zotero.org/google-docs/?broken=RLBEoT
https://www.zotero.org/google-docs/?broken=RLBEoT
https://www.zotero.org/google-docs/?broken=RLBEoT

4.6 Methods

We analyzed four main EV charging station characteristics: Speed, Network, Access, and Facility,
to assess whether there were differences in the quality of charging stations across various
sociodemographics. All analysis was coded in R. For consistency, we categorized block groups
into POC and White based on the percentage of White alone non-Hispanic population at the block
group level. Block groups with a White-alone population percentage equal to or greater than 50%
were categorized as “White,” while all other block groups were categorized as “POC.” Out of the
619 block groups in Baltimore City, 156 (25%) were White, and 463 (75%) were POC. There were
99 block groups with EV charging stations, of those, 42 (42%) were White, and 57 (58%) were

POC. We summarized the counts of charging stations in each block group category.

Spatial analysis was conducted using the “ggplot” package. The size of the points on the spatial
maps represents the number of charging stations in that category at a location. We utilized the
"spdep" package for spatial autocorrelation analysis, a statistical method for describing the
correlation of a variable across space (Yufang et al., 2023). We utilized Global Moran's I, a widely
adopted spatial autocorrelation measure, to assess the clustering, dispersion, or random distribution
of variables (Yufang et al., 2023). Global Moran’s index quantifies the similarity between each
region and its neighboring block groups and averages these assessments. Global Moran’s I is

computed as:

_ ﬁ Z?’=1 Z?]=1(xi —x)(xj — Xx)

I i
w N (i — x)A2
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where N is the block groups, x is the variable of interest, W and represents spatial weights. The
spatial weights matrix is derived from the block group's polygon geometries (Jackson et al., 2010).
The Moran's I Statistic, I, ranges from +1 to -1; with positive values indicating clustering, negative
values indicating dispersion, and 0 indicating spatial randomness (Negreiros et al., 2010). The
statistical significance of Moran’s I estimates was assessed using the Monte Carlo simulation

method implemented in “spdep”, with a probability threshold of 95%.

We employed zero-inflated Poisson (ZIP) regression models to examine the relationship between
the number of charging stations in block groups and their socio-economic characteristics. . Poisson
regression is a widely utilized statistical method for analyzing data with a count-dependent variable
(Elhai et al., 2008; Gerlough et al., 1955). ZIP models are a type of Poisson regression used when
there is an overabundance of zero values in the data that cannot be explained solely by the Poisson
distribution (D. Lambert, 1992). The "zero estimates" are associated with the zero-inflation part of
the model, indicating the probability of excess zeros in the response variable, while the “count
estimates” refer to the poison-distributed part of the model (Z. Wang et al., 2015). We used the
ZIP model formula following (Zuur et al., 2009). We validated the Poisson distribution using the
"dispersiontest" function from the Applied Econometrics with R (AER) package to assess
overdispersion for the Poisson component of our model. There was no compelling evidence to
suggest overdispersion in any of the models, as all overdispersion test p-values exceeded 0.05.
Therefore, we reject the hypothesis of overdispersion, opting for ZIP over negative-inflated

binomial regression.
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Each ZIP model is a separate model, and the dependent variable was the count of charging stations
at each block group, for that characteristic. The independent variables were the same for all models
for consistency. They included Median Household Income, Age, Employment Rate, Population,
and the %POC. The %POC was calculated as one minus the percentage of White-alone
individuals. Income was measured in thousands of dollars, and population was measured per

hundred people.

4.7 Results

4.7.1 Data Summary

Baltimore City has 619 block groups; 463 (75%) are POC-majority, while 156 (25%) are White-
majority. Our dataset contained 757 charging stations (Table 4.2); the majority (89%) were level
2 chargers, and 11% were level 3 chargers. More level 3 chargers (55) were in White majority
block groups than in POC block groups (27). Approximately 92% of the analyzed chargers were
public. 77% of charging stations in White majority block groups were networked, while 51% of
charging stations in POC-majority block groups were networked. The most common locations for
charging stations were parking garages (39%), while residential complexes had the fewest
charging stations (7%). There was a disparity between residential charging stations in White and
POC block groups. While 13% of charging stations in White-majority block groups were

residential, only 3% were residential in POC-majority block groups.
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Table 4-2 Summary of Charging Stations by Block Group.

Charging Total White-majority POC-majority
stations Count (%) Count (%) Count (%)
Total CS 757 (100%) 352 (100%) 405 (100%)
Speed

Level 2 675 (89%) 297 (84%) 378 (93%)
Level 3 82 (11%) 55 (16%) 27 (7%)
Access

Private 64 (8%) 40 (11%) 24 (6%)
Public 693 (92%) 312 (89%) 381 (94%)
Network

Networked 476 (63%) 270 (77%) 206 (51%)
Non-Networked 281 (37%) 82 (23%) 199 (49%)
Facility

Garage 293 (39%) 95 (27%) 198 (49%)
Residential 57 (7%) 45 (13%) 12 (3%)
Leisure 135 (18%) 52 (15%) 83 (20%)
Office 149 (20%) 73 (21%) 76 (19%)
Shopping 123 (16%) 87 (25%) 36 (9%)

Baltimore City has 619 block groups, 463 (75%) are POC-majority, while

156 (25%) are White-majority
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4.7.2 Spatial Analysis

Figure 4.3 visualizes the distribution of different categories of charging stations across Baltimore
City. There were 246 locations with charging stations. Most locations (152) had less than 3
charging stations (111 locations had 2 stations, and 41 locations had 1 station), while 90 locations
had 3-10 charging stations. Four locations had more than ten charging stations. Among these four
locations, one was a Tesla charging hub at Johns Hopkins University housing, which had level 2
public charging. Another was at a Johns Hopkins Hospital garage with public level 2 charging.
There was another Tesla supercharge location in a shopping mall with level 3 public charging, and
one was at a private office building with level 2 chargers. All four locations had networked

chargers.
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Figure 4-3 Mapping of Charging Station Characteristics and Census Data.



Most level 2 chargers are located in the central census blocks of Baltimore City, however, level 2
charging is dispersed throughout the city (Figure 4.3a). Figure 4.3b shows the spatial distribution
of facility types. Charging stations at leisure locations are more prevalent in the outer parts of
Baltimore City, while charging stations in garages are concentrated in the inner regions. Charging
locations with 10 or more charging stations are all networked (Figure 4.3c). Figure 4.3d shows the
spatial distribution of both public and private charging stations, with private charging locations

predominantly found in office spaces.

Figures 4.3e and 4.3f show the distribution of %POC and population, respectively. Figure 4.3e
illustrates the racial spatial distribution, depicting concentrations of POC residents across the city's
eastern and western halves, popularly termed the "black butterfly" (Theodos et al., 2019).
Comparing the map of 4.3e with 4.3a-d, we observe that regions with a high %POC appear to have
fewer to no charging stations. We investigate the relationship between the %POC and charging

station availability further in the subsequent sections.

Global Moran's I Spatial Autocorrelation

We employed Global Moran's I analysis to investigate the spatial autocorrelation of stations with
similar features. Understanding these patterns is crucial for assessing accessibility to charging
stations, as clustered deployments may enhance or limit access in specific communities. The
results reveal weak spatial patterns associated with EV infrastructure features (Table 4.3). Level 2
(0.26), public (0.24), and non-networked (0.28) charging stations had Moran’s Index ranging from
0.2 to 0.3, while Level 3 (0.13), networked (0.16), garage (0.17), and office (0.1) charging stations

showed lower Moran's [ value ranging from 0.1 to 0.2. Private (0.05), shopping (0.09), and leisure
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location (0.05) charging stations were distributed more randomly, with Moran's I value less than
0.1.

Table 4-3 Summary of Moran's I Spatial Correlation

Variable Moranl Moranl P_Value
AlICS 0.25 0.001
Speed

Level2 0.26 0.001
Level3 0.13 0.001
Access

Private 0.05 0.019
Public 0.24 0.001
Network

Networked 0.16 0.001
Non-Networked 0.28 0.001
Activity

Garage 0.17 0.001
Residential 0.02 0.168
Leisure 0.05 0.038
Office 0.1 0.001
Shopping 0.09 0.004

The low Moran's I values, all less than 0.3, suggest that the spatial autocorrelation of charging
station characteristics is weak across Baltimore City. This indicates that the deployment patterns

of charging stations, their speed, location, access, and network types, do not exhibit strong
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clustering. The charging stations appear to be distributed in a manner that does not strongly align
with the characteristics of neighboring block groups thus, we did not investigate spatial regression

and instead used ZIP regressions.

4.7.3 Poisson Regressions

We examined the relationship between twelve dependent variables, each representing the counts
of specific categories of charging stations in every block group, and the independent variables
income, age, employment, population, and %POC. Coefficients from the ZIP regression models
represent the associations between the counts of charging stations in Baltimore City block groups
and their socio-demographic characteristics (Table 4.4). The dataset for all models comprised 619

observations, corresponding to the number of block groups in Baltimore City.
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Table 4-4 Zero Inflated Poisson Regression Models coefficients (Count).

Variable Intercept Income Age Employed Pop. POC
/$1000 % /100 %
AlICS 1.536** -0.011%**  -0.019***  (0.024***  0.050***  -0.015%***
Level2 1.339 -0.008***  -0.026***  0.024***  0.056***  -0.0]12%***
Level3 0.072 -0.016***  0.009 0.028 0.003 -0.022%*x*
Private 1.395 0.010* 0.037 -0.012 -0.078** -0.010
Public 1.489* -0.016%**  -0.017***  0.025***  0.065***  -0.016***
Networked 1.809%** -0.011%**  -0.012* 0.022%**  (0.018** -0.017%***
Non-Networked 0.746 -0.009***  -0.021** 0.019 0.079***  -0.007*
Garage 4.432%* -0.038** -0.078***  0.022 0.153***  -0.031***
Residential 7.110 -0.008 -0.007 -0.043 -0.001** -0.015
Leisure -2.051 -0.002 0.016 0.019 0.078*** 0.002
Office 1.194 0.008** -0.015 0.008 -0.052#** (0.003
Shopping -7.166%* -0.003 0.008 0.100***  0.018 -0.018%***

P-value Signif. codes: “**** 0.001 “*** 0.01 “*’ 0.05

“AllCS” represents the count of all charging stations regardless of their characteristics. In the
AlICS model, all independent variables exhibited statistical significance. Employment rate (0.024)
and population (0.050) showed positive relationships with the presence of charging stations.
Conversely, there was a significant inverse relationship between the total count of charging
stations and %POC (-0.015), suggesting that Block Groups with charging stations were more likely
to have a lower %POC. Age (-0.019) and income (-0.011) had inverse relationships with the total
counts of charging stations. The directions and significances of the Level 2 and public charging
coefficients were similar to those of AIICS model. This made sense, as both Level 2 and public
charging comprised approximately 90% of the total charging stations, meaning that they

necessarily had a high degree of overlap. For Level 3 chargers, the significant inverse relationship
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with income (-0.016) and %POC (-0.022) indicated that fast charging was more likely to be
available in less wealthy and less racially diverse communities in Baltimore City. Private charging
stations had a significant direct association with income (0.010) and a significant inverse
association with population (-0.078), suggesting that wealthier and less populated block groups

were more likely to have private charging than poorer and more populated block groups.

Similar to the AIICS model, income (-0.011), age (-0.012), and %POC (-0.017) had inverse
relationships with networked charging, while employment rate (0.022) and population (0.018) had
a positive relationship with networked charging. The non-networked charging model mirrored the
networked model in direction and significance, except for the employment rate, which was
statistically not significant. This suggested that there was not much disparity between the
associations of the independent variables with the placement of non-networked or networked

charging.

Analyzing facility types, Garage parking charging stations were significantly positively associated
with population (0.153) and significantly inversely associated with age (-0.078), income (-0.038),
and %POC (-0.031). Residential charging was inversely related to all independent variables;
however, that relationship was significant for only population (-0.001), suggesting that less
populated block groups had more access to home charging. It should be noted, however, that Level
1 charging, which is popular for home charging, is not included in this model. The Leisure model
showed a positive relationship for all coefficients, excluding income. Population showed a
significant positive relationship (0.078) with leisure charging stations. Office charging was

significantly inversely associated with population (-0.052) and significantly directly associated
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with income (0.008). The model for shopping locations had a significant positive coefficient for
employment rate (0.100) and a significant negative coefficient for %POC (-0.018), indicating that
more racially diverse blocks are less likely to have stores and shopping locations with charging
stations. For every model, excluding office and leisure locations, there was a negative relationship

with %POC.

We were interested in the relationship between the percentage of POC and the presence of any
charging station in the block groups. Zero-inflated Poisson regression provides the "zero
estimates," which are the estimates associated with the zero-inflation part of the model, indicating
the probability of excess zeros in the response variable (Z. Wang et al., 2015) (Table 4.5). For all
charging station types, there was a positive relationship between %POC and the block group
having no charging station availability. This relationship was significant for all models but private,
leisure, and shopping models.

Table 4-5 Zero Inflated Poisson Regression Models coefficients (Zero).

Variable Intercept Income Age Employed Pop. POC
/$1000 % /100 %
AlICS 0.381 0.003 0.007 -0.006 0.001 0.019%**
Level2 0.823 0.005 0.011 -0.012 0.001 0.018%**
Level3 -0.709 -0.005 0.005 0.027 0.039 0.013
Private 6.150 0.009 0.006 -0.044 -0.013 0.014%**
Public -0.088 0.000 0.010 0.001 0.001 0.019
Networked -0.013 0.007 0.020 -0.006 0.000 0.023%**
Non-Networked  3.237 -0.001 -0.005 -0.017 0.001 0.013*
Garage -1.237 0.013 0.026* 0.010 0.005 0.027%**
Housing 13.549 -0.001 -0.026 -0.091 -0.180%**  (0.042**
Leisure 4.408 -0.005 -0.001 -0.020 0.000 0.007

86



Office 2.691 0.012* -0.013 -0.014 -0.018 0.024 %
Shopping -0.183 0.005 0.010 0.012 0.059 0.016

P-value Signif. codes: “**** 0.001 “*** 0.01 “*’ 0.05

4.8 Discussion

This case study examined EV infrastructure deployment in Baltimore City. Baltimore City had the
highest ratio of approximately 25 charging stations per 10,000 vehicles owned compared to other
jurisdictions in Maryland, all of which had fewer than 15 charging stations per 10,000 vehicles
owned. Charging stations have been consistently deployed in Baltimore City since 2010, attributed
in part to multiple state-level initiatives, federal grant funding, and the involvement of private and
utility companies such as BGE. EV infrastructure investment in Baltimore City received heavy
support from local government leadership, and Local Level Institutions prior to and post the Biden
infrastructure bill in 2021 (MDEV, 2020; Sharp-Moore, 2016; Wheeler, 2013). To understand
Baltimore City’s EV charging investments at a finer level, we conducted a descriptive study at the
block group level, the smallest spatial geographic unit for which sociodemographic estimates were

available.

Level 3 fast charging stations reduce the time burden associated with charging, enhancing
convenience and accessibility for EV users (Mohammed et al., 2024). Summary statistics of EV
charging station categories showed that there were more Level 3 charging stations in White-
majority block groups than in POC-majority block groups. This underscores a disparity in
infrastructure distribution, possibly influenced by unequal access to resources and historical
investment patterns, which have historically favored White communities over communities of
color (Asante-Muhammed, 2017). There were disparities in the network type distributions, with

more networked charging stations in White-majority block groups, while POC-majority block
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groups had more non-networked charging stations. Networked chargers offer advantages for
convenient remote maintenance (Needell et al., 2023), while non-networked stations are more cost-
effective and often free for consumers to charge at (Arlt & Astier, 2020; Brown et al., 2020). Non-
networked stations are known to be placed in efforts to reduce the cost burden for EV (Brown et
al., 2020). Thus, the presence of non-networked stations in POC-majority communities could be
indicative of equity efforts to reduce the cost burden for EV consumers in these communities.
White-majority block groups had more home charging prevalence than POC block groups. To
tackle this equity issue, Baltimore City policymakers could collaborate with private utility and EV
installation companies, as well as residents, to implement subsidies and incentives specifically
designed for MUDs in underserved communities to encourage the installation of EV chargers.
Additionally, comprehensive outreach and awareness campaigns about these incentives are crucial

for the widespread adoption of such policies (Bui et al., 2021).

Investment patterns across Baltimore City have historically been fragmented along lines of race,
income, and geography (Theodos et al., 2019; Vooris, 2016). However, when considering EV
charging station distribution, the Global Moran's I values are less than 0.3, indicating weak
clustering. Public capital investments in Baltimore City have aimed to provide opportunities to
counteract the segregation of resources (Theodos et al., 2019). The various government grants,
rebates, and programs offered by organizations like MEA, MDE, and MDOT likely contributed to

the geographical dispersion of EV resources and facilitated equitable access to EV infrastructure.

Given that only 99 out of the 619 block groups in Baltimore City had charging stations, we utilized

ZIP regression models to explore the relationship between the presence of charging stations in
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each category and selected sociodemographic characteristics of the block groups. These models
effectively accounted for the 520 block groups without charging stations. Across all models, except
for office charging and leisure locations, there was a negative correlation with %POC, indicating
that areas with a higher %POC had fewer charging stations available. This disparity in EV
infrastructure access, based on racial majority, has been observed in other studies, such as Hsu &
Fingerman (2021) and Carlton et al (2022), who found that POC majority block groups in
California and Chicago, respectively, were less likely to have public chargers compared to White
majority block groups. Hence, there is a pressing need for increased awareness and policy efforts

to address these disparities.

On the other hand, the inverse relationship between the presence of charging stations and the
median household income of block groups in Baltimore City contradicts common findings
observed in other regions, where wealthier areas are more likely to have charging infrastructure
(Henderson, 2020; Hsu & Fingerman, 2021; Roy & Law, 2022). This may highlight the efforts
toward state and local government goals for equitable EV charging deployment in Baltimore City.
The inverse relationship between garage parking charging and income suggests high investment
in charging infrastructure at parking locations in middle-to-low-income areas. Parking garages and
lots had the most charging stations among facility types. The Baltimore City Parking Authority,
whose mission emphasizes equitable distribution of EV charging stations, has been particularly
active in deploying them in equity zones, representing areas with the lowest quartile of median
income (Parking Authority, 2022). Collaborating with various city agencies, the Parking Authority
deploys EV charging across city-owned sites, including parking garages, lots, public parks, and

libraries (Parking Authority, 2022). Conversely, for private charging stations and office charging
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stations, income shows a direct relationship. This implies that individuals in high-income areas are
more likely to have charging access at their workplaces, thus alleviating range anxiety (Wu, 2018).
This could also be attributed to the city's strong economy and the presence of private businesses

willing to invest in charging stations to attract more customers or cater to their workforce.

The direct relationship between public charging stations and population indicates that highly
populated block groups had greater access to these facilities. Locating public charging stations in
urban areas is common as vehicle ownership rates and commuting patterns lead to higher demand
and utilization for charging services (Wolbertus et al., 2021). In such urban settings, the
relationship with public charging infrastructure could be considered an equitable strategy,
especially considering the challenges associated with home charging due to the scarcity of single-
family housing units and individual parking spaces (He et al., 2016). Conversely, private, home,
and office charging stations were more prevalent in less populated block groups. This implies that
residents in suburban or rural areas may have more access to private charging spaces, where fewer
restrictions on installing charging infrastructure may exist compared to urban areas (Hsu &

Fingerman, 2021; Powell et al., 2022).

Age demonstrated a significant inverse relationship with the presence of public and level 2
charging stations, indicating that these stations were more likely to be deployed in block groups
with younger populations despite older populations being perceived as more likely to afford EVs
(Anastasiadou & Gavanas, 2022). Younger populations are less likely to be homeowners and,
therefore, may have limited access to home charging (Davis, 2022). Thus, deploying public

charging infrastructure in residential areas with younger populations strategically caters to the EV
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needs of younger populations yet to own homes. This inversive relationship with age may be due
to the presence of nine colleges and universities in Baltimore City (Theodos et al., 2019). These
colleges typically attract younger populations with lower incomes. Most of these institutions have
installed charging stations on their campuses, contributing to the observed relationship between
charging infrastructure and age. Charging infrastructure provided by institutions like universities
has played a pivotal role in setting Baltimore City apart and has been viewed as a means to enhance

EV access.

4.9 Conclusion

Baltimore City makes an interesting case study as it has the highest ratio of charging stations to
vehicles owned amongst Maryland jurisdictions, despite its history of poverty, low average median
income, and high population of POC, which regional studies have found are often associated with
low EV infrastructure investment (Brian, 2023; Hsu & Fingerman, 2021; Khan et al., 2022).
Baltimore City, with its high urbanization and population density, its central location in Maryland
with proximity to Washington DC, the nation's capital, and its extensive interstate highway
network, makes it an attractive destination for EV investment. Multiple federal and state grant
support, along with private initiatives from utilities like BGE, institutions, and public leadership
support, have contributed to this unique situation in Baltimore City. This approach could serve as

a model for leaders seeking to promote investments in EVs.

In our case study, we investigated charging station availability at the block group level to
understand the association with socio-demographics. We found that in Baltimore City, EV
charging infrastructure tends to be more prevalent in block groups with lower median incomes,

yet there is a notable absence of EV infrastructure in block groups with a high %POC. We
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categorized charging stations based on the level of charge, access, network, and facility type. This
paper does not aim to establish causal relationships; instead, it seeks to identify associations within
the data to facilitate the design of targeted policy interventions for achieving an equitable
deployment of EV charging infrastructure. Our ZIP regression analysis indicated that the more
racially diverse the population, the less likely there were to be charging stations in the block group.
This held true regardless of the speed of charge, access type, or network type. The zero coefficients
(Table 4) for all models were positively associated with %POC, implying that the higher the %POC
in the block group, the more likely there was to be no charging station in the block group. This
aligns with other studies claiming that POC block groups were less likely to have access to any
public charging stations than their counterparts (Henderson, 2020; Hsu & Fingerman, 2021; Roy
& Law, 2022). Population had a direct relationship with the availability of charging stations,
regardless of the level of charge or network type. Highly populated urban areas were positively
associated with public EV charging. However, less populated areas were more likely to have access
to private charging stations, at-home charging stations, and office charging, highlighting a major

disparity.

Income was inversely associated with public charging and directly associated with private
charging. This contradicts most block-group EV infrastructure studies, which typically find
income to have a direct relationship with the presence of EV charging (Henderson, 2020; Hsu &
Fingerman, 2021; Roy & Law, 2022). This indicates that block groups with low-median incomes
had a greater presence of public charging, which could be indicative of efforts to deploy charging
in low-moderate-income regions in Baltimore City. Age had an inverse relationship with EV

charging station presence, which could be partly attributed to the presence of college institutions
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that attract younger populations and also have collaborations and partnerships to ensure investment

in charging on their campuses.

This study contributes to the literature by describing the existing charging infrastructure and
investments in Baltimore City. Federal efforts, along with public and private collaborations such
as the CPA program, PSC pilot, and MEA EV infrastructure rebate programs, substantially
influenced the EV infrastructure climate in Baltimore City, serving as a model for future policies
and other cities aiming to enhance their EV network. Additionally, policymakers can learn
valuable lessons from these findings and consider forming partnerships with institutions like
universities and hospitals to facilitate the deployment of additional charging stations. Addressing
the disparity in home charging needs, especially in communities of color, deserves particular
attention, as these communities lack the necessary home charging infrastructure for convenient
ownership. Baltimore City could explore tailored subsidies for MUDs in communities of color, as
well as increased investments in affordable networked charging infrastructure, to promote the
reliability of charging networks. Future studies could investigate deployment at the tract level,
incorporating additional variables such as vehicle ownership or commute patterns for a more
comprehensive understanding of charging station investment. Furthermore, a future study could
replicate this research while categorizing charging stations by Federal, state, and private
investment to determine if there are sociodemographic disparities in the block groups where such

investments are made.
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Chapter 5: Conclusion

EVs represent a sustainable and more environmentally friendly transportation alternative to
conventional vehicles. However, challenges persist regarding equity and environmental justice in
EV adoption and planning. This dissertation aims to address some of these issues by focusing on
racial and income disparities and barriers related to EVs and infrastructure in the Maryland region.
The findings from this dissertation are valuable for planning EV infrastructure and policies to

prepare states and cities for a future with equitable EV uptake.

In Chapter 2, we surveyed Maryland residents to understand how 12 commonly discussed EV
factors affect their interest in owning an EV. We utilized three primary recruitment methods:
flyers, email lists, and postal mails, receiving 542 complete eligible responses. We found that the
attributes of reduced air pollution and decreased dependence on gas equally affected interest in EV
adoption for both POC and White respondents (odds ratio: 0.99). This underscores the universal
concern for environmental sustainability and the recognition of EVs as a viable solution for
reducing air pollution and reliance on fossil fuels. Initiatives promoting EV adoption can appeal
to a broad audience by emphasizing their environmental benefits, irrespective of racial differences.
Limited infrastructure acts as a significant barrier to EV adoption (Alotaibi et al., 2022; Carlton &
Sultana, 2022; Walter et al., 2020). While 80% of POC indicated that the availability of charging
stations "affects me a lot," only 65% of White respondents said the same. POC respondents were
2.2 times more likely for their interest in owning an EV to be affected by the availability of
charging stations and 2.1 times more likely to be affected by charging times than White
respondents. This points to the need to improve the accessibility and practicality of public charging

infrastructure, particularly in communities of color, to ensure an equitable transition to EVs.
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In Chapter 3, we conducted a cumulative accessibility analysis of EV infrastructure in Maryland,
revealing a high positive correlation (0.87) between population density and access to public
charging locations. Baltimore City, which has the highest population density in Maryland,
exhibited the highest concentration and proximity accessibility of EV infrastructure. However,
even when we performed the correlation analysis without Baltimore City, we found a high positive
correlation (0.82) between population density and access to public charging locations.
Policymakers should consider investing in public charging in less dense regions in Maryland with
limited access to EV infrastructure. Income showed a positive correlation with charging station
access in Maryland, but this relationship turned negative when Baltimore City data was included,

further highlighting that Baltimore City was an outlier in Maryland charging investments.

In Chapter 4, we conducted a case study of EV infrastructure investments in Baltimore City. We
performed a spatial analysis and ZIP regression models at the block-group level, which is the
smallest geographical unit available. We found low spatial clustering of charging infrastructure
despite Baltimore City's high racial and income clusters due to a history of segregation and
redlining (Theodos et al., 2019; Vooris, 2016). Nonetheless, there were disparities as POC
communities had less access to EV stations, particularly home charging, than their White
counterparts. Tailoring subsidies and grants for MUDs in communities of color can help promote
residential charging station deployment in underserved communities. We found income was
inversely associated with charging station availability in Baltimore City, indicating that block
groups with lower-median incomes had a greater presence of public charging, which could be

indicative of efforts to deploy charging in low-moderate-income regions in Baltimore City. Our
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investigation of EV infrastructure grants in the city showed that the EV investments are partly due
to multiple grant investments, private and company investments into workplace charging, and
support from local leadership. Planners and decision-makers could consider lessons learned from
this study to promote collaboration with utilities and tailor grant pursuits to help increase access

to EV infrastructure.

In conclusion, all three studies in this dissertation highlighted equity issues in EV adoption and
access to EV infrastructure. Our stated preference survey offered valuable insights from POC into
their perspectives, barriers, and needs toward EV adoption. The availability of charging stations
and the practicality of charging, such as charging speed and cost, were higher concerns for POC
respondents than their White counterparts. Also, the correlation analysis in Chapter 3 showed an
inverse relationship with the accessibility of EV infrastructure and POC population. The regression
model in Chapter 4 showed that even with the high concentration of charging in Baltimore City,
the more POC population, the less likely to have access to EV infrastructure in that block group.
Thus, targeted investment into installing charging options and creating subsidies in communities
of color could help address the needs of these communities. Particularly, investments are needed
to incentivize residential charging for POC neighborhoods as well as provide EV infrastructure in

locations more accessible to the public.
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