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EXECUTIVE SUMMARY

Motivation

The National Electric Vehicle Infrastructure (NEVI)
Formula Program and the Charging and Fueling Infrastructure
Discretionary Grant Program together provide $7.5 billion
to support states with building out a nationwide electric
vehicle (EV) charging network (Joint Office of Energy and
Transportation, n.d.). Indiana’s Charging the Crossroads
program, funded through the NEVI program, plans to invest
almost $100 million to build an EV charging network along
Indiana interstates and highways (Indiana Department of
Transportation [INDOT], 2022). Figure 1 illustrates the
rapid growth in public fast-charging station infrastructure
in Indiana over the past 13 years. There is broad consensus
among states, that these fast-charging station investments
should be based upon quantitative geospatial data with the
objective of maximizing the impact of the NEVI program
investments.

However, traditional methods for monitoring EV usage have
relied on time- and cost-intensive techniques that do not scale
well. Travel diaries, surveys, camera detection and count sta-
tions are just some of the methods utilized in the past to monitor

traffic volumes. Connected vehicle (CV) data with enhanced
attributes have the potential to inform stakeholders of electric
vehicle use at scale and year-round without additional fixed
infrastructure or sensor investments. The motivation of this
study was to explore the viability of CV data to provide data-
driven insights to practitioners in helping prioritize the rollout
of EV charging infrastructure.

Study

The study utilized CV data to develop methodologies and
reporting procedures that document usage of transportation and
charging infrastructure by EVs. Additionally, the study utilized
publicly available data on public fast-charging station loca-
tions to determine fast-charging deserts along Alternative Fuel
Corridors (AFCs).

Results

The following key findings and limitations emerged from
this study:

® Traditional count stations capture traffic volume but provide no
data that captures EV travel patterns.

® Bureau of Motor Vehicle data provide little visibility on where
EV trips occur.

® Furthermore, no data on EV trip lengths or EV travel in the state
from vehicles registered out of the state are available.

Public DC Fast Charging Stations in Indiana (2012-01-01 - 2025-10-31)
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Figure 1 Public DC Fast Stations in Indiana (2012-2025).



® EV station locations are readily available. However, EV station
charging session data have been difficult to obtain from the pri-
vate sector, and it is unclear if any legislative or policy require-
ments are needed for this to occur.

Charging deserts have been successfully monitored with a com-
bination of public data and linear referenced routes prepared by
this study.

Vehicle miles traveled (VMT), as well as trips for EVs, were
obtained using CV data; however, evolving privacy challenges
and changing filtering procedures in this space may reduce the
viability of this data.

Charge status is monitored by EV original equipment manufac-
turers (OEMs), but it is unlikely that they will want to share this
data at scale.

Recommendations

The methodologies and reporting visualizations devel-
oped by this study are scalable to any geographic location
provided the availability of corresponding CV data. The study
team recommends regular monitoring of EV use along AFCs
as well as statewide to help quantify return on investment in
charging infrastructure placement and understand how EV
travel trends differ from traditional vehicles using real-world
data. As the market penetration rate of CVs continues to grow
and more OEMs are added to the fleet, the representativeness
of the data and its usefulness for EV monitoring will continue
to increase.
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1. PROJECT OVERVIEW
1.1 Introduction

Countries around the world recognize the significant sustain-
able transportation benefits that Electric Vehicles (EVs) provide
(Alanazi, 2023) and have thus provided extensive funding to
prepare their transportation infrastructure (Singh et al., 2023) to
accelerate EV adoption. A significant body of existing literature
has documented the public health and environmental benefits of
EVs towards reducing greenhouse gas emissions and addressing
climate change (Alanazi, 2023; Buekers et al., 2014; Holland et
al., 2016; Li et al., 2015), the economic benefits (Bauer et al.,
2021; Patil & Kalkhambkar, 2021), and how closely a sustain-
able transportation future outlook is intertwined with growth in
EV adoption and smart grid management strategies (Adnan et
al., 2018; Kene et al., 2021). A robust and scalable data-driven
methodology and related performance measures, such as those
presented by this study, are vital to enable such informed infra-
structure investment decision making to ensure sustainable
transportation-focused practices in the future.

The National Electric Vehicle Infrastructure (NEVI)
Formula Program and the Charging and Fueling Infrastructure
Discretionary Grant Program together provide $7.5 billion to
support states with building out a nationwide EV charging
network (Joint Office of Energy and Transportation, n.d.).
Indiana’s Charging the Crossroads program, funded through the
NEVI program, plans to invest almost $100 million to build an
EV charging network along Indiana interstates and highways

(INDOT, 2022). Figure 1.1 illustrates the already rapid growth
in public fast-charging station infrastructure in Indiana over
the past 13 years. States across the US will need a data-driven
approach towards allocating this program funding to optimize
infrastructure siting.

This study was initiated to evaluate the feasibility of using
connected vehicle (CV) data to develop scalable methodologies
and reporting practices that can provide data-driven insights to
stakeholders on EV usage in the state of Indiana, and is struc-
tured as follows:

® Section 1: Provides an overview of the project’s scope and
objectives.

Section 2: Provides a literature review of traditional methods of
EV usage monitoring and emergence of CV data.

Section 3: Describes the various data sources used in the analysis.
Section 4: Describes the various methodologies developed as part
of this study.

Section 5: Summarizes the results of the analysis in the context
of both vehicle miles traveled (VMT) and fast-charging deserts.
Section 6: Provides key findings, conclusions, and limitations
from this research.

Section 7: Provides an outlook on future research directions that
could be adopted.

1.2 Scope and Objectives

With an impending shift in the automobile industry towards
alternative fuel vehicles, agile monitoring of trip trends and
infrastructure utilization for both internal combustion engine

Public DC Fast Charging Stations in Indiana (2012-01-01 - 2025-10-31)
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vehicles (ICEV), as well as hybrid vehicles (HV) and EV, is
important to help guide state and national investments in alter-
native fuel infrastructure. The objectives of this study were
broadly two-fold:

® Utilizing CV data to develop methodologies and reporting proce-
dures that document usage of transportation and charging infra-
structure by EVs, and

® Utilizing publicly available data on public fast-charging station
locations to determine fast-charging deserts along AFCs.

Figure 1.2 shows a summary overview of the CV data foot-
print available as part of this study in terms of monthly inter-
state vehicle miles traveled by ICEVs, EVs, and HVs for 34
months. During the period of June 2023 to May 2024 there was
a brief outage in CV data due to changes in the data provider
market.

1.3 Dissemination of Research Results

The following research studies, listed in chronological order,
were prepared in part during or in preparation for this project to
facilitate an agile dissemination of results for public- and pri-
vate-sector stakeholders:

® Desai, J., Mathew, J. K., Li, H., & Bullock, D. M. (2021). Analysis
of electric and hybrid vehicle usage in proximity to charging
infrastructure in Indiana. Journal of Transportation Technologies,
11(4), 577-596. https://doi.org/10.4236/jtts.2021.114036

® Desai, J., Mathew, J. K., & Li, H. (2022). Using connected vehi-
cle data for assessing electric vehicle charging infrastructure

Monthly Indiana Interstate Vehicle Miles Traveled (VMT)
50 M

usage and investment opportunities. Institute of Transportation
Engineers. ITE Journal, (3), 22-31.

Desai, J., Mathew, J. K., Li, H., & Bullock, D. M. (2022).
Leveraging connected vehicle data to assess interstate exit utili-
zation and identify charging infrastructure investment allocation
opportunities. World Electric Vehicle Journal, 13(9), 167. https://
doi.org/10.3390/wevj13090167

Desai, J., Mathew, J. K., Li, H., Sakhare, R. S., Horton, D.,
& Bullock, D. M. (2022). National mobility analysis for all
interstate routes in the United States: December 2022. Purdue
University. https://doi.org/10.5703/1288284317591

Mabhlberg, J. A., Desai, J., & Bullock, D. M. (2023). Evaluation
of electric vehicle charging usage and driver activity. World
Electric Vehicle Journal, 14(11), 308. https://doi.org/10.3390/
wevj14110308

Desai, J., Mathew, J. K., Mahlberg, J. A., Li, H., & Bullock, D. M.
(2023). Using connected vehicle data to evaluate national trip
trends. Applied Sciences, 13(18), 10228. https://doi.org/10.3390/
app131810228

Desai, J., Mathew, J. K., Sturdevant, N. J., & Bullock, D. M.
(2024). Longitudinal monitoring of electric vehicle travel trends
using connected vehicle data. World Electric Vehicle Journal,
15(12), 560. https://doi.org/10.3390/wevj15120560

A majority of the contents of this report are adapted from
the aforementioned research papers (Desai et al., 2021, 2022a,
2022b; Desai, Mathew, Li, et al., 2023b; Desai, Mathew,
Mahlberg, et al., 2023; Desai et al., 2024; Mahlberg et al., 2023).

Furthermore, the findings from this study were presented
to stakeholders over the course of this project at various Study
Advisory Committee (SAC) meetings and engagement events,
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including lectern presentations during the 2025 edition of the
Purdue Road School Transportation Conference and Expo. The
following sections of this technical report summarize the back-
ground and key findings of this research.

2. LITERATURE REVIEW

Historically, agencies have used several different approaches
to estimate VMT and forecast VMT growth, including traf-
fic-count-station data (Puentes & Tomer, 2008; Rentziou et al.,
2012), socio-economic-data-based methods (Fricker & Kumapley,
2002; Liu et al., 2006), and demand forecasting models (Bhat
& Nair, 2000; Szekeres et al., 2012). Each of these aforemen-
tioned VMT estimating methods have limitations, including low
sampling rates, sampling bias, self-reporting bias, as well as the
cost- and time-limitations associated with installing fixed infra-
structure along a road network, such as traffic-count stations. In
the context of EVs, VMT is a particularly important performance
measure for assessing EV adoption and road use to help agen-
cies prioritize corridors to invest in and track the impacts of their
investment. Recently, large-scale CV trajectory data have been
utilized to estimate VMT and have shown promising results in
being able to compute accurate VMT estimates (Desai, Mathew,
Lj, et al., 2023a; Fan et al., 2019). A 2022 study utilized CV data
(a pilot study with vehicles retrofitted with onboard equipment
for data collection) to document the longitudinal impact of the
pandemic on activity travel (Concas et al., 2022). Similar to VMT
estimation, practitioners have utilized travel demand modeling,
stochastic simulations (Wang et al., 2017), self-reported trip
diaries (Tamor et al., 2015), Bluetooth matching (Jedwanna &
Boonsiripant, 2022), and other techniques to estimate trip lengths
(and corresponding trip durations) for vehicles passing through
selected corridors or construction zones. However, limited
research exists in using large-scale CV data towards estimating
trip lengths at a statewide level in a scalable framework, which
is one of the research gaps that statewide CV data can help fill.

Over the past several years, CV data have emerged as a via-
ble alternative to traditional methods to support performance
measurement efforts in a variety of domains including construc-
tion work zones, before—after safety studies, winter operations,
among others. CV data, typically reported at 1-60 s intervals,
has been used for a wide variety of use cases in transportation
engineering (Sakhare et al., 2024; E. Saldivar-Carranza et al.,
2023), including in the field of alternative fuel infrastructure
and EVs (Desai et al., 2022b).

As countries, states, and agencies around the globe prepare
for the transition to an EV-heavy fleet (Chu & Cui, 2023; Slowik
& Lutsey, 2018), quantitative evidence supporting stakeholder
investments is very important. A number of studies in this
domain have focused on electric-vehicle charging infrastruc-
ture availability (Brown et al., 2024) and utilization (Borlaug
et al., 2023; Gellrich et al., 2022; Hecht et al., 2022) trends
and how charging infrastructure deployment relates to EV use.
Those studies have shown promising results in utilizing these
data for informing charging-station infrastructure investments.
Automotive Original Equipment Manufacturers (OEMs) already
utilize these data in one form or another to guide users to their

nearest charging stations, or in trip planning, among other such
applications. There is, however, a growing need for a common
dialogue among the private- and public-sector stakeholders to
develop a shared vision on VMT-oriented performance measures
that ensure user privacy and provide the necessary data for both
public agencies and the private-sector stakeholders for making
informed decisions on charging infrastructure deployment.

The provision of a vehicle classification code in CV data
feeds, or a corresponding classification flag, has enabled use
cases for CV data in the alternative fuel vehicles domain, as
well. Basic attributes alone, such as time-stamped geolocations
of EVs, can significantly help improve understanding of EV
travel trends, preferred routes, distances driven, use of public or
private charging infrastructure.

3. DATA DESCRIPTION

The three main sources of data used by this study can be
segmented into the following categories:

® CV data,
® charging station locations, and
® a linear referenced route network to be analyzed.

Each of these are described in detail in the text that follows.

3.1 CV Data

Commercially available crowdsourced CV data were
obtained from two third-party data providers for this study.
The data contained geolocation, speed, heading, and timestamp
information for CVs at approximately 3 s frequency and 3 m
geolocation accuracy. Past studies have found these data to
have an average market penetration rate, across all classes of
vehicles, of 4-6% (Hunter et al., 2021; Sakhare et al., 2022;
Saldivar-Carranza et al., 2024). Along with the aforementioned
attributes, each CV waypoint also contained an anonymized
journey identifier as well as an additional classification attri-
bute, which allows for categorizing the vehicle either as an EV,
HYV, or ICEV. For the 34-month study period designated for this
analysis from January 2022 through October 2025, a total of
nearly 374 billion CV records were analyzed.

3.2 Charging Station Locations

Using the National Laboratory of the Rockies (2025), for-
merly the National Renewable Energy Laboratory’s (NREL)
alternative fuel stations API, geolocation data for alternative
fuel stations and multiple other pertinent attributes including
number of charge points may be obtained. Figure 3.1 shows a
view of the 190 public access fast-charging stations in Indiana
as of November 19, 2025.

3.3 Linear Referenced Route Network

Indiana’s October 2023 update of the Electric Vehicle
Infrastructure Plan noted the current Alternative Fuel Corridor
(AFC) network covering all interstates as well as US 31. Seven

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2026/06 11
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other routes were being considered in Round 7 of AFC nomi-
nations including US 30, US 50, US 41/SR 63, SR 62 and SR
66, SR 930, US 36, US 40. In order to be able to accurately
determine the evolution of gaps in charging accessibility along
these and other future selected corridors in the state, the study
team prepared a linear referenced network of all interstates, US
routes, as well as state routes in Indiana. This route network is
depicted on the map shown in Figure 3.2. Having this persistent
route network, with segment granularity as low as 0.02 mi, aids
in longitudinal monitoring of fast-charging availability as new
stations continue to become operational over the coming years.

4. METHODOLOGY

This section discusses briefly how practices on classifying
EV data from a stream of CV data have evolved with changes in
the data provider marketplace. Furthermore, various methodolo-
gies developed as part of or in preparation for this study to esti-
mate vehicle miles traveled, trip length, trip duration, interstate
exit utilization, charging station utilization and fast-charging
deserts are briefly summarized. While some of these methodol-
ogies may not yield representative results due to several factors
including CV market penetration rates and low overall EV pen-
etration, these novel scalable techniques will be crucial over the
coming years as both continue to rise.

4.1 Identifying EV Data

CV data utilized by this study has significantly evolved
over the past several years. Early CV data contained a vehi-
cle classification code attribute with each waypoint. This

vehicle classification code was then cross referenced with the
National Highway Traffic Safety Administration’s (NHTSA,
n.d.) Product Information Catalog Vehicle Listing (vPIC)
Application Programming Interface (API) to obtain the elec-
trification level associated with it. If the electrification level
obtained is BEV (Battery Electric Vehicle), the vehicle clas-
sification code and subsequently the associated waypoint is
flagged as belonging to an electric vehicle. A similar clas-
sification process is followed for hybrid vehicles, as well
(Figure 4.1).

However, the recent re-emergence of CV data beginning
June 2024 has resulted in the degradation in the fidelity of this
vehicle classification code, and instead a separate attribute clas-
sifying a waypoint as EV, HV, or ICE is directly available from
the data provider. Thus, the cross-referencing and decoding
steps are no longer necessary.

4.2 Vehicle Miles Traveled

For each CV, whose records are connected by an anonymized
journey identifier, pairwise distances between consecutive CV
waypoints were computed. These traveled distances were then
aggregated at the county level to compute statewide VMT, and
summary statistics from the same have been visualized and
discussed in the text that follows. Pairwise distances with a
maximum gap of 3 s and a distance traveled of less than 0.1
mi between waypoints (corresponding to a speed of 120 mph),
were used for this analysis to remove outliers and errors in data
reporting and maintain consistency across multiple data pro-
viders and timeframes. These thresholds for filtering pairwise
distances were selected as reasonable tolerances for capturing

12 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2026/06
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Figure 3.2 Indiana’s Interstate, US, and State Route Network.

distances along curves but may be easily modified according to
future study requirements. For example, CV data providers may
transition to more frequent waypoint reporting in the future or
may provide enhanced attributes such as odometer values, both
of which will help improve the accuracy of VMT estimation.

A summary visualization of estimated statewide VMT, as
observed by CVs compared year over year for the month of April

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2026/06

between 2022 and 2023 is shown by Figure 4.2, with VMT being
represented on the vertical axis in millions. The graphic shows
that EV miles traveled (EVMT) grew in the state year over year
by about 156%, while ICEV miles traveled (ICEVMT) grew
only by about 2%. HV miles traveled (HVMT) were seen to
have declined year over year by approximately 41%, a change
mostly like due to changes in OEM fleet composition in the
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Figure 4.2 Statewide Vehicle Miles Traveled by Vehicle Type (April
2022 and April 2023) (Desai et al., 2024).

data. A limitation of this study was the lack of visibility regard-
ing OEM fleet composition changes between years and data
providers, which future research may look to improve upon.

4.3 Trip Lengths and Trip Durations

For each CV journey, the chronological first and last way-
points can be easily identified. These waypoints are treated as
the origin and destination for the journey, respectively, and are
referred to as such in the text that follows. The correspond-
ing origin and destination geolocations are spatially joined to
a publicly available dataset of census block groups. CV jour-
neys whose origin has an associated ignition status of “key
on” and a destination that has a corresponding ignition status
of “key off” are selected to ensure only complete journeys are
analyzed. Gaps in time between consecutive waypoints along a
journey, beginning with the origin and ending at the destination,

are recorded with their summation representing the trip dura-
tion and maximum value documented. The minimum time gap
between waypoints was observed to be 1 s. Only journeys with
amaximum time gap of 10 s between consecutive waypoints are
considered. Similarly, great-circle distances between consecu-
tive waypoints along a journey, beginning with the origin and
ending at the destination, are recorded with the sum represent-
ing the estimated trip length and maximum value documented.
Journeys with a maximum distance gap of 0.75 mi between
consecutive waypoints are considered for this analysis. These
spatial and temporal thresholds for filtering journeys may be
modified as needed per the demands of the analysis and were
selected to account for a reasonable tolerance of GPS errors as
well as missed data points due to connectivity issues. Finally,
only those CV trips that included at least two waypoints over
a non-zero time period were selected. Insights into trip trends
with very short or near-zero estimated lengths, enabled by
these thresholds and waypoint level granularity, are valuable
for policymakers in tracking emissions due to idling vehicles,
a traditionally unattainable performance measure using sur-
vey methods, and especially important to longitudinally mon-
itor the industry’s shift towards alternative fuel vehicles. This
methodology was utilized to reduce nearly 500 billion CV
waypoint records nationwide into an aggregated set of nearly
1 billion CV trip records for a national study for December 2022
(Desai, Mathew, Mahlberg, et al., 2023).

Daily trip statistics provide visibility into how day-of-week
travel patterns differ across the country as well as by time of
year. About 23 million CV trips were recorded to be originating
in Indiana in December 2022, and the corresponding daily mean
values of trip length and trip duration are shown in Figure 4.3a
and Figure 4.3b, respectively. The highest mean trip length
observed for Indiana was 11.76 mi for Christmas Day and
the highest mean trip duration observed was 25.47 min for 23
December, one of the days when Indiana was severely impacted
by a winter storm event characterized by an arctic cold front
(National Weather Service, n.d.). On average, Indiana recorded
mean trip lengths of 8.93 mi for HVs, 8.66 mi for ICEVs, and
7.59 mi for EVs. ICEVs were observed to be driven for the lon-
gest time on average, with a mean trip duration of 18.82 min
for the month. Weekday trip length and trip duration trends are
fairly repetitive, while most higher trip lengths are visible over
the weekends.

4.4 Interstate Exit Utilization

Given a comprehensive dataset of CV waypoints for the state
of Indiana, the first step to reduce the waypoint data down to
exit-level metrics is analyzing every single CV trajectory to
determine points of ingress and egress off of an interstate route.
The methodology proposed involves a set of polygons, each 0.1
mi in length, along the direction of travel of a roadway pointed
to by Callout ii in Figure 4.4. A CV trajectory’s overlap is deter-
mined with this set of polygons, enabling the detection of the
point of departure for a journey when it leaves the interstate.
This linearly referenced set of polygons allows a near-exact
detection of the mile marker, and thus the corresponding exit, at
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which a journey joined or left the interstate route. For the sam-
ple journey shown by the red waypoints in Figure 4.4, Callout
i shows the point at which the journey departs the interstate.
Hence, using this methodology for the sample CV trip shown in
Figure 4.4, it can be classified as having exited off of Interstate
64 (I-64) at Exit 92.

Using the aforementioned methodology, a comprehensive
analysis may be conducted for all interchanges in a state’s road
network and results from the same have been documented in
detail in (Desai et al., 2022a). Techniques such as these aid in
documenting current interchange utilization trends by vehicles
and help future infrastructure siting decisions as the market pen-
etration of EVs continues to grow.

4.5 Charging Station Utilization

To develop methodologies that preserve privacy yet provide
quantitative insights and data to decision-makers, a radius-based
approach is proposed for estimating charging station utilization.
The map view in Figure 4.5 illustrates the basic concept of this

%Y
/)

Figure 4.5 Radius Based Method of Estimating Charging Station Usage.

methodology. The center of the red circle represents the reported
geolocation of a fast-charging station in Lafayette, Indiana. Solid
red dots represent EV waypoints detected within a 100-ft radius
of the station on June 1, 2025. By documenting the amount of
time spent by an EV inside this detection radius—both stationary
and moving, it can be estimated how long an EV was using the
charging station, or, waiting for a charging spot to open up. While
this methodology can estimate utilization it does not provide con-
firmation a vehicle was plugged in and charging. In an ideal sce-
nario, charge session data from the station provider and charge
status data from the OEMs could together fuse well to provide
a much more accurate view of infrastructure utilization. Access
to such data could very well open up new insights on charging
accessibility, grid usage, capacity constraints, among others.

4.6 Fast-Charging Deserts

Using the linear referenced route network earlier described,
a route-by-route analysis may be conducted to determine por-
tions of the route where a fast-charging station exists within a
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1-mi radius of the route. Once such sections are found, gaps
in these sections along a route are classified as fast-charging
deserts. The 1-mi threshold is based upon initial NEVI guid-
ance but may well be adjusted to larger radii as per an agency’s
requirements. For example, an October 2021 study which per-
formed sensitivity analysis on this radius showed that 96% of
all DC fast-charging stations were within 6 mi of an interstate in
Indiana (Desai et al., 2021).

Figure 4.6 shows a schematic explaining the methodol-
ogy used to estimate fast-charging deserts by way of a sam-
ple north-south interstate route, I-65 in Indiana. Translucent
blue circles indicate fast-charging station locations around the
state. Solid green sections on the map as well as the accom-
panying column plot indicate sections of 1-65 within 1-mi
of a fast-charging station. Correspondingly, sections in red
indicate those parts of I-65 that are not within 1-mi of a fast-
charging station. Once this matching is systematically per-
formed along a route, fast-charging desert sections start to
emerge, such as the one highlighted from about mile marker
(MM) 5 to MM 112. This technique can then be applied state-
wide or even across state borders and is covered further in
Section 5.2.

5. RESULTS

While the preceding text covered a number of different meth-
odologies to estimate a variety of performance measures relat-
ing to EVs, this study recommends two main outputs that can be

DC Fast Charging Station
1-65

Station w/in 1 mile of I-85

o DC Fast Charging Station
B DC Fast Charging Station Available within 1 mile of Interstate

. DC Fast Charging Station Unavailable within 1 mile of Interstate

Figure 4.6 Indiana I-65 Fast-Charging Deserts.
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Public DC Fast Charging Station Availability (within 1 mile)

1-65

easily tracked longitudinally, namely, VMT and fast-charging
deserts. The following text describes these outputs further.

5.1 Longitudinal VMT Monitoring

Using a similar methodology as described for the state-
wide VMT analysis in Section 4.2, this can be repeated for
the interstate route network in Indiana. This allows stake-
holders to easily view and compare estimates of interstate
VMT (assumed surrogate for long range travel) with non-
interstate VMT (assumed surrogate for shorter local travel)
for ICE, EV and HVs. Currently, there is substantial uncer-
tainty of how long selected OEM’s will be providing raw CV
data directly to state agencies, largely due to privacy con-
cerns. However, the techniques defined in this report define
a framework that OEMs could quite easily use to compute
those metrics. Ultimately, market forces and regulatory deci-
sions will shape how close to the vehicle or OEM those met-
rics are calculated.

5.1.1 Interstate VMT

By estimating the distance traveled by all CV waypoints
on Indiana’s interstate system on a monthly basis, the follow-
ing longitudinal visualization (Figure 5.1) of ICE, EV and HV
VMT can be generated. The 12-month period of June 2023 to
May 2024 indicates a brief outage in CV data when the data
provider market was undergoing a change. Additionally, there

125
Mile Marker

150 250

As of 2021-12-31
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Figure 5.1 Indiana Interstate VMT (January 2022—October 2025).

is a small fraction of waypoints that could not be classified as
belonging to any of the three categories, and they have hence
been omitted from the results presented in this section. EVMT
showed a steady rise while ICEVMT appears to have remained
relatively stable from 2022-2024, however, privacy filtering
practices among data providers have evolved over the past year
possibly leading to the slight downtrend in VMT from June
2024 to June 2025 and beyond.

5.1.2 Non-Interstate VMT

Similarly, VMT on non-interstate routes can be computed by
removing the interstate VMT from the statewide total. Monthly
totals for the same colored by Indiana county are shown by
Figure 5.2. For ease of reference, six specific counties, repre-
senting the highest total VMT around the state, have been high-
lighted by distinct colors and called out on the figure, namely,
Allen, Hamilton, Lake, Madison, Marion and Porter. While this
graphic utilizes a county-level geographic aggregation, this
approach may be tweaked to another level such as zip codes
or census block groups while balancing privacy protections
and enabling higher reporting granularity for more localized
insights.

These longitudinal VMT measurements, however, need
to be placed in the broader context of the changing CV data
provider market. As data providers change, OEM fleet com-
position changes, privacy filters evolve thus making it harder
to consistently compare resulting aggregate metrics such as

Tarmary 2022 - October 2023

VMT over a longer period of time especially with limited
transparency on privacy filtering techniques adopted across
the industry. However, the techniques defined in this report
define a framework that OEMs could quite easily use to com-
pute those metrics. Ultimately, market forces and regulatory
decisions will shape how close to the vehicle or OEM those
metrics are calculated.

5.2 Longitudinal Monitoring of Fast-Charging Deserts

Publicly available fast-charging station locations data from
the Alternative Fuels Data Center (n.d.) enables stakeholders to
longitudinally monitor the growth of charging infrastructure in
their jurisdictions. By combining these station locations with
available route network data, gaps in charging availability along
AFCs can be easily determined as illustrated by the methodol-
ogy in Section 4.6.

5.2.1 Indiana

Figure 5.3 shows a daily cumulative count of public DC
fast-charging stations in Indiana for the past 13 years colorized
by the provider network they belong to. The number of stations
has risen consistently to about 189 as of the end of October
2025 with 13 different network providers accounting for that
total.

Figure 5.4 builds on the methodologies described earlier
and shows a summary overview of fast-charging deserts on
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Public DC Fast Charging Station Availability (within 1 mile) - As of 2025-10-31
189 Stations Statewide
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Figure 5.4 Indiana Interstate AFCs DC Fast-Charging Deserts (As of October 31, 2025).

TABLE 5.1
Longest Fast-Charging Deserts on Indiana Interstates.

Longest Charging Desert (miles)

Interstate Route As of October 31, 2025
1-265 11.20
1-275 3.30
1-465 14.80
1-469 30.60
1-64 78.30
1-65 40.60
1-69 75.10
1-70 57.20
1-74 49.20
1-80 33.30
1-865 4.80
1-90 33.60
1-94 13.20

Indiana’s interstate system as of October 31, 2025. Table 5.1
provides a summary of the longest deserts observed on
each interstate route. These lengths have evolved over the
past several years and have significantly reduced as more
and more fast-charging stations have become operational.
It is encouraging to see that only three of the longest deserts
are 50 mi or more in length.

20

Additionally, this reporting practice is not solely limited to
interstates and can easily be extended to any route provided reli-
able linework and linear referencing are available. Figure 5.5
illustrates this scalability by presenting a charging desert visual
for the remaining Indiana AFCs (US and State Routes).

5.2.2 Cross Border Scalability

These graphics scale well even across state borders as
depicted by the three-state (Illinois, Indiana, Ohio) and six-route
(I1-64, 1-70, 1-74, 1-80, 1-90, 1-94) visualization in Figure 5.6.
This is especially important as states look to coordinate together
to optimize charging infrastructure placements at state borders
along priority corridors/AFCs. On Interstate I-64, for example,
it is observed that there is a fast-charging station within a mile
of the route in Illinois around MM 75 and the next such section
is approximately 75 mi downstream in Indiana at MM 25. These
reporting visuals serve well to provide an at-a-glance view of
charging deserts on a route network.

6. CONCLUSION

This study utilized CV data to develop a number of methodol-
ogies and reporting procedures that document usage of transporta-
tion and charging infrastructure by EVs, along with a methodology
to track fast-charging deserts along AFCs. While the market pene-
tration of EVs is currently still low, the methodologies developed
as part of this study present a framework for future long-term
longitudinal monitoring of EV usage as CV data penetration con-
tinues to grow. The study team recommends two main outputs,
namely VMT and fast-charging deserts, that can be longitudinally
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Figure 5.6 Illinois, Indiana, and Ohio Interstate Fast-Charging Deserts (As of October 31, 2025).

monitored over time and together present a good overview of EV
usage in the state and whether public fast-charging infrastructure
is keeping pace with evolving trends in EV use.

Furthermore, the following key findings and limitations
emerged as a result of this study:

® Traditional count stations capture traffic volume but provide no
data that captures EV travel patterns.

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2026/06

® Bureau of Motor Vehicle data provide little visibility on where
EV trips occur.

® Furthermore, no data on EV trip lengths or EV travel in the state
from vehicles registered out of the state are available.

® EV station locations are readily available. However, EV station
charging session data have been difficult to obtain from the pri-
vate sector, and it is unclear if any legislative or policy require-
ments are needed for this to occur.
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® Charging deserts have been successfully monitored with a com-
bination of public data and linear referenced routes prepared by
this study.

® VMT, as well as trips for EVs, were obtained using CV data;
however, evolving privacy challenges and changing filtering pro-
cedures in this space may reduce the viability of these data.

® Charge status is monitored by EV OEMs, but it is unlikely that
they will want to share this data at scale.

7. FUTURE RESEARCH

This study’s findings demonstrate the applicability of CV
data towards prioritizing electric vehicle related charging infra-
structure decision-making. Future research should look to lever-
age additional data sources including charging session data
from operators, EV registrations data from the state, and charge
status data from OEMs to provide a more holistic overview of
EV and infrastructure usage.

The findings from this study may serve to initiate dialogue
among the various private- and public-sector stakeholders to
develop a shared vision on VMT-oriented performance mea-
sures that ensure user privacy and provide the necessary data
for both public agencies and the private-sector stakeholders
for making informed decisions on charging infrastructure
deployment.

Additionally, the framework presented by this study may be
utilized by state agencies to perform before-after analyses to
determine the impact of NEVI program funding on the state of
EV travel on their transportation infrastructure.

REFERENCES

Adnan, N., Nordin, S. M., Rahman, 1., Vasant, P., & Noor, M. A. (2018).
An overview of electric vehicle technology: A vision towards sustain-
able transportation. In Information Resources Management Association
(Ed.), Intelligent transportation and planning: Breakthroughs in
research and practice (pp. 292-309). IGI Global Scientific Publishing.
https://doi.org/10.4018/978-1-5225-5210-9.ch013

Alanazi, F. (2023). Electric vehicles: Benefits, challenges, and potential
solutions for widespread adaptation. Applied Sciences, 13(10), 6016.
https://doi.org/10.3390/app13106016

Alternative Fuels Data Center. (n.d.). Alternative fueling station locator.
https://afdc.energy.gov/stations

Bauer, G., Hsu, C.-W., & Lutsey, N. (2021, February 16). When
might lower-income drivers benefit from electric vehicles?
Quantifying the economic equity implications of electric vehicle
adoption. International Council on Clean Transportation. https://
theicct.org/publication/when-might-lower-income-drivers-ben-
efit-from-electric-vehicles-quantifying-the-economic-equity-
implications-of-electric-vehicle-adoption/

Bhat, C. R., & Nair, H. S. (2000). VMT-mix modeling for mobile
source emissions forecasting: Formulation and empirical applica-
tion. Transportation Research Record, 1738(1), 39—48. https://doi.
org/10.3141/1738-05

Borlaug, B., Yang, F., Pritchard, E., Wood, E., & Gonder, J. (2023).
Public electric vehicle charging station utilization in the United
States. Transportation Research Part D: Transport and Environment,
114, 103564. https://doi.org/10.1016/j.trd.2022.103564

Brown, A., Cappellucci, J., Heinrich, A., & Cost, E. (2024). Electric
vehicle charging infrastructure trends from the Alternative

Fueling Station Locator: Fourth quarter 2023 (NREL/TP-5400-
89108). National Renewable Energy Laboratory. https://doi.
org/10.2172/2395898

Buekers, J., Van Holderbeke, M., Bierkens, J., & Int Panis, L. (2014).
Health and environmental benefits related to electric vehicle
introduction in EU countries. Transportation Research Part D:
Transport and Environment, 33, 26-38. https://doi.org/10.1016/j.
trd.2014.09.002

Chu, Y., & Cui, H. (2023, June 16). Annual update on the global tran-
sition to electric vehicles: 2022. International Council on Clean
Transportation. https://theicct.org/publication/global-transition-
electric-vehicles-update-jun23/

Concas, S., Kourtellis, A., Kummetha, V., Kamrani, M., Rabbani,
M., & Dokur, O. (2022). Longitudinal study of the COVID-19
pandemic impact on activity travel using connected vehicle data.
Transportation Research Record, 2678(12), 252-267. https://doi.
org/10.1177/03611981221107006

Desai, J., Mathew, J. K., Li, H., & Bullock, D. M. (2021). Analysis
of electric and hybrid vehicle usage in proximity to charging infra-
structure in Indiana. Journal of Transportation Technologies, 11(4),
577-596. https://doi.org/10.4236/jtts.2021.114036

Desali, J., Mathew, J. K., Li, H., & Bullock, D. M. (2022a). Leveraging
connected vehicle data to assess interstate exit utilization and iden-
tify charging infrastructure investment allocation opportunities.
World Electric Vehicle Journal, 13(9), 167. https://doi.org/10.3390/
wevj13090167

Desai, J., Mathew, J. K., Li, H., & Bullock, D. M. (2022b). Using con-
nected vehicle data for assessing electric vehicle charging infrastruc-
ture usage and investment opportunities. ITE Journal, 92(3), 22-31.

Desai, J., Mathew, J. K., Li, H., Sakhare, R. S., Horton, D., & Bullock,
D. M. (2023a). Analysis of connected vehicle data to quantify
national mobility impacts of winter storms for decision makers and
media reports. Future Transportation, 3(4), 1292—1309. https://doi.
org/10.3390/futuretransp3040071

Desai, J., Mathew, J. K., Li, H., Sakhare, R., Horton, D., & Bullock, D.
M. (2023b). National mobility analysis for all interstate routes in
the United States: December 2022. Purdue University. https://doi.
org/10.5703/1288284317591

Desai, J., Mathew, J. K., Mahlberg, J. A., Li, H., & Bullock, D. M. (2023).
Using connected vehicle data to evaluate national trip trends. Applied
Sciences, 13(18), 10228. https://doi.org/10.3390/app131810228

Desai, J., Mathew, J. K., Sturdevant, N. J., & Bullock, D. M. (2024).
Longitudinal monitoring of electric vehicle travel trends using con-
nected vehicle data. World Electric Vehicle Journal, 15(12), 560.
https://doi.org/10.3390/wevj15120560

Fan, J., Fu, C., Stewart, K., & Zhang, L. (2019). Using big GPS trajectory
data analytics for vehicle miles traveled estimation. Transportation
Research Part C: Emerging Technologies, 103, 298-307. https://doi.
org/10.1016/j.trc.2019.04.019

Fricker, J. D., & Kumapley, R. K. (2002). Updating procedures to
estimate and forecast vehicle-miles traveled (Joint Transportation
Research Program Publication No. FHWA/IN/JTRP-2002/10).
Purdue University. https://doi.org/10.5703/1288284313337

Gellrich, M., Block, A., & Leikert-Bohm, N. (2022). Spatial and
temporal patterns of electric vehicle charging station utilization:
A nationwide case study of Switzerland. Environmental Research:
Infrastructure and  Sustainability, 2(2), 021003. https://doi.
org/10.1088/2634-4505/ac6a09

Hecht, C., Figgener, J., & Sauer, D. U. (2022). Analysis of electric
vehicle charging station usage and profitability in Germany based on
empirical data. iScience, 25(12), 105634. https://doi.org/10.1016/j.
is¢i.2022.105634

22 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2026/06


https://doi.org/10.4018/978-1-5225-5210-9.ch013
https://doi.org/10.3390/app13106016
https://afdc.energy.gov/stations
https://theicct.org/publication/when-might-lower-income-drivers-benefit-from-electric-vehicles-quantifying-the-economic-equity-implications-of-electric-vehicle-adoption
https://theicct.org/publication/when-might-lower-income-drivers-benefit-from-electric-vehicles-quantifying-the-economic-equity-implications-of-electric-vehicle-adoption
https://theicct.org/publication/when-might-lower-income-drivers-benefit-from-electric-vehicles-quantifying-the-economic-equity-implications-of-electric-vehicle-adoption
https://theicct.org/publication/when-might-lower-income-drivers-benefit-from-electric-vehicles-quantifying-the-economic-equity-implications-of-electric-vehicle-adoption
https://doi.org/10.3141/1738-05
https://doi.org/10.3141/1738-05
https://doi.org/10.1016/j.trd.2022.103564
https://doi.org/10.2172/2395898
https://doi.org/10.2172/2395898
https://doi.org/10.1016/j.trd.2014.09.002
https://doi.org/10.1016/j.trd.2014.09.002
https://theicct.org/publication/global-transition-electric-vehicles-update-jun23
https://theicct.org/publication/global-transition-electric-vehicles-update-jun23
https://doi.org/10.1177/03611981221107006
https://doi.org/10.1177/03611981221107006
https://doi.org/10.4236/jtts.2021.114036
https://doi.org/10.3390/wevj13090167
https://doi.org/10.3390/wevj13090167
https://doi.org/10.3390/futuretransp3040071
https://doi.org/10.3390/futuretransp3040071
https://doi.org/10.5703/1288284317591
https://doi.org/10.5703/1288284317591
https://doi.org/10.3390/app131810228
https://doi.org/10.3390/wevj15120560
https://doi.org/10.1016/j.trc.2019.04.019
https://doi.org/10.1016/j.trc.2019.04.019
https://doi.org/10.5703/1288284313337
https://doi.org/10.1088/2634-4505/ac6a09
https://doi.org/10.1088/2634-4505/ac6a09
https://doi.org/10.1016/j.isci.2022.105634
https://doi.org/10.1016/j.isci.2022.105634

Holland, S. P., Mansur, E. T., Muller, N. Z., & Yates, A. J. (2016). Are
there environmental benefits from driving electric vehicles? The
importance of local factors. American Economic Review, 106(12),
3700-3729. https://doi.org/10.1257/aer.20150897

Hunter, M., Mathew, J. K., Li, H., & Bullock, D. M. (2021). Estimation
of connected vehicle penetration on US Roads in Indiana, Ohio,
and Pennsylvania. Journal of Transportation Technologies, 11(4),
597-610. https://doi.org/10.4236/jtts.2021.114037

Indiana Department of Transportation. (2022, March 31).
Electric  vehicle charging infrastructure network. https:/
www.in.gov/indot/current-programs/innovative-programs/
electric-vehicle-charging-infrastructure-network/

Jedwanna, K., & Boonsiripant, S. (2022). Evaluation of Bluetooth
detectors in travel time estimation. Sustainability, 14(8), 4591.
https://doi.org/10.3390/su14084591

Joint Office of Energy and Transportation. (n.d.) About the Joint Office.
https://driveelectric.gov/about

Kene, R., Olwal, T., & van Wyk, B. J. (2021). Sustainable electric
vehicle transportation. Sustainability, 13(22),12379. https://doi.
org/10.3390/su132212379

Li, C., Cao, Y., Zhang, M., Wang, J., Liu, J., Shi, H., & Geng, Y. (2015).
Hidden benefits of electric vehicles for addressing climate change.
Scientific Reports, 5(1), 9213. https://doi.org/10.1038/srep09213

Liu, F, Kaiser, R. G., Zekkos, M., & Allison, C. (2006). Growth
forecasting of vehicle miles of travel at county and statewide lev-
els. Transportation Research Record, 1957(1), 56—65. https://doi.
org/10.1177/0361198106195700109

Mabhlberg, J. A., Desai, J., & Bullock, D. M. (2023). Evaluation of elec-
tric vehicle charging usage and driver activity. World Electric Vehicle
Journal, 14(11), 308. https://doi.org/10.3390/wevj14110308

National Highway Traffic Safety Administration. (n.d.). Vehicle API.
Retrieved November 17, 2025, from https://vpic.nhtsa.dot.gov/api/

National Laboratory of the Rockies. (2025, October 21). All stations
(GET  /api/alt-fuel-stations/v1).  https://developer.nrel.gov/docs/
transportation/alt-fuel-stations-v1/all/

National Weather Service. (n.d.). Dec 23-24, 2022 winter storm and
arctic blast. https://www.weather.gov/iwx/20221223_WinterStorm

Patil, H., & Kalkhambkar, V. N. (2021). Grid integration of electric
vehicles for economic benefits: A review. Journal of Modern Power
Systems and Clean Energy, 9(1), 13-26. https://doi.org/10.35833/
MPCE.2019.000326

Puentes, R., & Tomer, A. (2008). The road...less traveled: An analy-
sis of vehicle miles traveled trends in the U.S. Brookings Institution
https://rosap.ntl.bts.gov/view/dot/18145

Rentziou, A., Gkritza, K., & Souleyrette, R. R. (2012). VMT, energy
consumption, and GHG emissions forecasting for passenger trans-
portation. Transportation Research Part A: Policy and Practice,
46(3), 487-500. https://doi.org/10.1016/j.tra.2011.11.009

Sakhare, R. S., Desai, J., Mathew, J. K., McGregor, J., Kachler, M.,
& Bullock, D. M. (2024). Measuring and visualizing freeway traf-
fic conditions: Using connected vehicle data (Joint Transportation
Research Program No. TPF-5[514]). Purdue University. https://doi.
org/10.5703/1288284317751

Sakhare, R. S., Hunter, M., Mukai, J., Li, H., & Bullock, D. M. (2022).
Truck and passenger car connected vehicle penetration on Indiana
roadways. Journal of Transportation Technologies, 12(4), 578-599.
https://doi.org/10.4236/jtts.2022.124034

Saldivar-Carranza, E. D., Li, H., Mathew, J. K., Desai, J., Platte, T.,
Gayen, S., Sturdevant, J., Taylor, M., Fisher, C., & Bullock, D. M.
(2023). Next generation traffic signal performance measures:
leveraging connected vehicle data. Purdue University. https://doi.
org/10.5703/1288284317625

Saldivar-Carranza, E. D., Sakhare, R. S., Desai, J., Mathew, J. K.,
Sivakumar, A. J., Mukai, J., & Bullock, D. M. (2024). Impact of
privacy filters and fleet changes on connected vehicle trajectory
datasets for intersection and freeway use cases. Smart Cities, 7(5),
2366-2391. https://doi.org/10.3390/smartcities 7050093

Singh, P. P., Wen, E,, Palu, L., Sachan, S., & Deb, S. (2023). Electric vehi-
cles charging infrastructure demand and deployment: Challenges and
solutions. Energies, 16(1), 7. https://doi.org/10.3390/en16010007

Slowik, P., & Lutsey, N. (2018, July). The continued transition to electric
vehicles in U.S. cities [White paper]. International Council on Clean
Transportation. https://theicct.org/wp-content/uploads/2021/06/
Transition_EV_US_Cities_20180724.pdf

Szekeres, D., Koppula, N., & Frazier, J. (2012). VMT forecasting alter-
natives for air quality analysis. In S. Pulugurtha, R. O’Loughlin, &
S. Hallmark (Eds.), Transportation land use, planning, and air quality
(pp. 110-117). American Society of Civil Engineers. https://doi.
org/10.1061/40960(320)11

Tamor, M. A., Moraal, P. E., Reprogle, B., & Milaci¢, M. (2015).
Rapid estimation of electric vehicle acceptance using a general
description of driving patterns. Transportation Research Part C:
Emerging Technologies, 51, 136-148. https://doi.org/10.1016/].
trc.2014.10.010

Wang, D., Gao, J., Li, P,, Wang, B., Zhang, C., & Saxena, S. (2017).
Modeling of plug-in electric vehicle travel patterns and charging
load based on trip chain generation. Journal of Power Sources, 359,
468-479. https://doi.org/10.1016/j.jpowsour.2017.05.036

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2026/06 23


https://doi.org/10.1257/aer.20150897
https://doi.org/10.4236/jtts.2021.114037
https://www.in.gov/indot/current-programs/innovative-programs/electric-vehicle-charging-infrastructure-network
https://www.in.gov/indot/current-programs/innovative-programs/electric-vehicle-charging-infrastructure-network
https://www.in.gov/indot/current-programs/innovative-programs/electric-vehicle-charging-infrastructure-network
https://doi.org/10.3390/su14084591
https://driveelectric.gov/about
https://doi.org/10.3390/su132212379
https://doi.org/10.3390/su132212379
https://doi.org/10.1038/srep09213
https://doi.org/10.1177/0361198106195700109
https://doi.org/10.1177/0361198106195700109
https://doi.org/10.3390/wevj14110308
https://vpic.nhtsa.dot.gov/api
https://developer.nrel.gov/docs/transportation/alt-fuel-stations-v1/all
https://developer.nrel.gov/docs/transportation/alt-fuel-stations-v1/all
https://www.weather.gov/iwx/20221223_WinterStorm
https://doi.org/10.35833/MPCE.2019.000326
https://doi.org/10.35833/MPCE.2019.000326
https://rosap.ntl.bts.gov/view/dot/18145
https://doi.org/10.1016/j.tra.2011.11.009
https://doi.org/10.5703/1288284317751
https://doi.org/10.5703/1288284317751
https://doi.org/10.4236/jtts.2022.124034
https://doi.org/10.5703/1288284317625
https://doi.org/10.5703/1288284317625
https://doi.org/10.3390/smartcities7050093
https://doi.org/10.3390/en16010007
https://theicct.org/wp-content/uploads/2021/06/Transition_EV_US_Cities_20180724.pdf
https://theicct.org/wp-content/uploads/2021/06/Transition_EV_US_Cities_20180724.pdf
https://doi.org/10.1061/40960(320)11
https://doi.org/10.1061/40960(320)11
https://doi.org/10.1016/j.trc.2014.10.010
https://doi.org/10.1016/j.trc.2014.10.010
https://doi.org/10.1016/j.jpowsour.2017.05.036

APPENDICES

Appendix A. List of Acronyms

24 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2026/06



Appendix A. List of Acronyms

AFC
Cv
DOT
EV
EVMT
FHWA
HVMT
ICEVMT
INDOT
MM
NEVI
OEM
SAC
VMT

Alternative Fuel Corridor

Connected Vehicle

Department of Transportation

Electric Vehicle

Electric Vehicle Miles Traveled

Federal Highway Administration

Hybrid Vehicle Miles Traveled

Internal Combustion Engine Vehicle Miles Traveled
Indiana Department of Transportation
Mile Marker

National Electric Vehicle Infrastructure
Original Equipment Manufacturer
Study Advisory Committee

Vehicle Miles Traveled
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