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Abstract: As the country moves toward electric vehicles (EV), the United States is in the process of
investing over USD 7.5 billion in EV charging stations, and Indiana has been allocated $100 million
to invest in their EV charging network. In contrast to traditional “gas stations”, EV charging times,
depending on the charger power delivery rating, can require considerably longer dwell times. As a
result, drivers tend to pair charging with other activities. This study looks at two EV public charging
locations and monitors driver activity while charging, charge time, and station utilization over a
2-month period in Lafayette, Indiana. Over 4000 charging sessions at stations with varying power
levels (350 kW, 150 kW, and 50 kW) were monitored, and the median charge time was between 28 and
36 min. A large variation in station utilization was observed at Electrify America charging stations
that had a range of stations with 350 kW, 150 kW, and 50 kW available. The highest utilization rates
by hour of day on average were observed at 25% at the 150 kW Tesla station. Driver activity during
charging influenced dwell times, with the average dwell time of drivers who waited in their vehicles
to charge being 10 min shorter than those who would travel to the shops. Rain in the forecast also
impacted the number of users per day. Although there are no published metrics for EV utilization
and associated driver activities, we believe examining this relationship will produce best practices
for planning future investments in EV charging infrastructure as public and private sector partners
develop a nationwide charging network.

Keywords: electric vehicles; charging station utilization; charging patterns; driver activity

1. Introduction

The United States has established a target that two-thirds of new passenger cars will
be all-electric by 2032 [1]. As the country moves toward electric vehicles (EV), the United
States is in the process of investing over USD 7.5 billion in EV charging stations, and Indiana
has been allocated $100 million to invest in their EV charging network through the National
Electric Vehicle Infrastructure (NEVI) program [2,3]. Contrary to combustion vehicles with
an average refuel time of approximately two minutes, EV charging can require considerably
longer dwell times [4]. The contributing factors influencing dwell time for EVs widely
vary from charger type and output, vehicle type/battery capacity, and charging connectors,
among others [5–7]. For example, Tesla chargers can add up to 200 miles of range in
15 min [8]. As a result, drivers tend to pair charging with other activities.

Studies utilizing empirical charging station data around the world, including in
Germany [9,10], the Netherlands [11], Switzerland [12], Canada [13], Australia [14], and
the United States [15], have analyzed historical charging station data to observe temporal
utilization characteristics, energy consumption, and idling time. A 2017 study of charging
infrastructure requirements followed by a nearly 2.5-year study from 2019–2022 of about
3700 public charging stations, 39,000 ports, and 8 million charging sessions in the United
States by the National Renewable Energy Laboratory reported on the relationship between
utilization and local EV adoption. That study also reported on the size of the local charging
network, charging power, as well as temporal and spatial trends in charging behavior based
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on time of day, day of week, and nearby points of interest [16,17]. These studies offer an
insightful snapshot of charging station usage characteristics and help predict future usage.
However, a more agile and continuous longitudinal monitoring solution to track charging
station utilization would be of great value to stakeholders. Charge session data, while
offering valuable insights into charging station utilization, charge times, and idle times,
offers little detail into driver activity before, during, or after an active charging session.
This contextual knowledge will be vital for transportation planners in site selection for
future charging station deployment.

2. Electric Vehicle Charging Literature Review

Emerging sources of connected vehicle (CV) trajectory data from third-party com-
mercial data providers have been recently utilized by researchers to monitor the usage
of EVs and hybrid vehicles (HVs) in the vicinity of charging infrastructure [18,19] as well
as to temporally track increasing EV adoption levels across the nation [20,21]. While CV
trajectory data provides insights into proximity-based analysis of EVs or HVs near or
around charging stations as well as travel preceding or succeeding a charging session, it
does not have charge status information from onboard the vehicle during the charging
session itself. This has resulted in researchers having to assume and estimate charging
station utilization, charging sessions, and dwell times in the absence of data confirming
active charging sessions. Furthermore, multiple studies have explored simulation and mod-
eling methods to inform the planning of EV charging station placements with economic,
environmental, social, and technological site selection parameters [22–24] in mind.

There is expansive literature on EV adoption, EV trip patterns, proposed charger
placement methods, and station utilization, but there is a gap in the literature for actual
charger data and what users do while charging. Chakraborty et al. used surveys to build a
model to determine user behavior for charging at home, the workplace, or public locations
and what factors impacted users choice of charging location. They found that at-home
charging can be more desirable if the correct infrastructure and pricing scheme enable
it [25]. Similarly, another study looked at the willingness of EV users to pay for charging
and how much they are willing to pay at public stations [26]. González et al. utilized
modeling to determine optimal charging locations for users based on cost and convenience
and determined the most overloaded areas during peak hours [27]. These studies help
inform policymakers about ensuring wise investments to achieve the greatest impacts. Lee
et al. used surveys to document user preference on what types of chargers were used,
including location (home, work, and public) and the level of charging (level 1, 2, or fast
charging) [28]. A drawback of this study is that when it was administered, they captured
at-home charging but did not collect information on what users did while charging at
public chargers. This study intends to answer what activities are performed while EV
charging, provide insight on charger utilization, and give insight on the weather impact on
EV charging.

3. Research Need

Travel surveys and questionnaire studies have analyzed user preferences when eval-
uating potential sites for fast charging infrastructure [29–31]. A combination of all the
aforementioned datasets, including charge session data, CV data, and user preferences,
will be important information to assess utilization rates and estimate future utilization to
inform infrastructure deployment.

As the national public charging station network grows over the next decade and
charging station data is made publicly available under the terms of the NEVI formula
funding guidance [32], systematic assessment methodologies are needed to derive perfor-
mance measures that can present actionable insights to stakeholders and inform future
deployments. This study aims to address this research gap by analyzing public charging
station utilization and driver activity using video footage collected at two locations from
different Electric Vehicle Supply Equipment (EVSE) providers in Lafayette, Indiana, which
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may serve as a potential scalable framework for any future evaluations of charging station
infrastructure usage. Scaling this methodology and incorporating other data sources will
enable this study to be expanded across all charging stations, EVSE providers, and a diverse
range of surrounding land uses.

4. Research Objective and Scope

The objective of this study is twofold:

• To develop protocols for monitoring and quantifying charging station utilization
through fixed video camera footage.

• Documenting and measuring driver activity during active charging sessions.

The resulting analysis provides a systematic methodology to aid in future infras-
tructure investment planning, especially as stakeholders look to increase public–private
partnerships to grow the national charging network.

5. Data Collection and Study Location

Two groups of charging stations were analyzed adjacent to I-65, Exit 172, in Lafayette,
Indiana. Figure 1 shows the location of the charging stations, with callout i being the
Electrify America chargers located in the Walmart parking lot and callout ii being the Tesla
chargers located in the Meijer parking lot, both of which have equal access to the on/off
ramps of the interstate and are both retail supercenters.
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Figure 1. Charging station study location. Callout i is the Electrify America charging stations, callout
ii is the Tesla charging stations. (The left map is produced with Leaflet; The right map is updated
with the Google Map Attribution.)

Figure 2 shows the charging stations at each location and the respective numbers
referenced during the analysis. There are a total of eight charging stations at each location.
Figure 2a shows the Electrify America charging station numbering and the respective
charging output, as there were three types of chargers at this location: 50, 150, and 350 kW.
The Tesla charging stations all had the same output of 150 kW, as shown in Figure 2b.
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Figure 2. Charging station layout and charging output. (a) Electrify America charging stations;
(b) Tesla charging stations (150 kW).

6. Overview of Methodology

Data collection was accomplished using a timelapse camera positioned near the
charging stations for the months of May, June, and a few days in July, including 1–5 July
2022. The camera used has a 118-degree field of view, captured images in HD 1080P, and
collected still images every 10 s, which had a date and time printed on the photo. For this
study, permissions were acquired from both parking lot owners to collect the data, and
there was signage around the parking lot stating, “cameras in use”. For the purposes of
this study, all still images were analyzed and used to determine where and when users
were charging. One focus of the study was the activities performed by drivers while their
vehicles were charging. Additional attributes gathered from the video footage include
start charge time, end charge time, and station number. Selected examples of collected still
images can be observed in Figure 3. Overall driver activity was classified into six unique
activities, including traveling to local shops, which encompasses supermarkets, fast food,
and retail centers (Figure 3a), waiting in the vehicle (Figure 3b), a combination of both
traveling to shops and waiting in the vehicle, leaving the premises, which is defined as
leaving the camera view in a vehicle other than the one they are charging in (Figure 3c),
walking their pets, and an unknown category when it was difficult to determine what the
driver was doing. The dataset provides an opportunity for agencies to validate station
utilization and inform station installation based on actual driver usage and activities.
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Figure 3. Monitoring of different driver activities, the red circle marks the EV driver. (a) Driver
entering shop; (b) driver remaining in vehicle; (c) driver picked up and leaving premises.

7. Results and Discussion
7.1. Analysis of Driver Activity While Charging

This study looked at over 4000 charging sessions at both Electrify America and Tesla
charging stations. Figure 4 shows the distribution of driver activities by charging station.
Figure 4a shows Electrify America chargers, where 45% of drivers were observed to be
waiting in the vehicle while 35% of drivers would travel to local shops. Figure 4b shows
the distribution of driver activities for Tesla chargers. Similar proportions can be observed,
with 43% of drivers waiting in their vehicles and 45% traveling to local shops while their
vehicles charge. The information is summarized in Table 1. Of particular note is that the
Tesla chargers observed over three times the number of charging sessions as the Electrify
America chargers, but the distribution of driver activities was quite similar.
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Table 1. Driver activity while charging the vehicles.

Driver Activity Number of Electrify
America Observations

Electrify America
Percent (%)

Number of Tesla
Observations

Tesla
Percent (%)

Waits in Vehicle 541 45.1% 1377 43.2%

Travels to Shops 419 35.0% 1439 45.2%

Travels to Shops and Waits
in Vehicle 158 13.2% 313 9.8%

Walks Pet 44 3.7% 17 0.5%

Unknown 24 2.0% 10 0.3%

Left the Premises 12 1.0% 33 1.0%

Documenting driver activity while their vehicle is charging provides insights on what
adjacent facilities/resources or points of interest might be important when considering
future charging station placement. In general, over 43% of drivers stay in their vehicle while
charging, suggesting the location of the station adjacent to high-volume traffic corridors is
an important consideration. Approximately 42% of drivers traveling to local businesses im-
plies agencies should consider station location near other attractions, groceries, restaurants,
or short-term activities.

Although the distribution of drivers waiting in their vehicles is similar to that of
those traveling to shops, the length of dwell time is impacted by the driver’s activity
while charging. For the analysis presented in this study, dwell time refers to the total time
duration for which a vehicle occupies a charging station spot. This is especially important
in the context of rising EV adoption, as more and more charging station providers are
billing customers for excess time spent at a charging station even after a vehicle is charged.
Figure 5 shows the distribution of dwell times by driver activity. Drivers who travel to
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shops while charging dwell 8–10 min longer than those who wait in their vehicle. Drivers
who travel to local shops and wait in their vehicles on average dwell at charging stations
30 min longer than those who only wait in their vehicles. Drivers who walk their pets tend
to dwell at charge stations as long as those who travel to shops. Lastly, people who are
leaving the premises have a large variation in dwell time, but dwell times were observed to
be at least 30 min longer on average than those who wait in their vehicle.
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This study is limited to capturing video footage of vehicles/drivers and could benefit
from having vehicle characteristics such as state of charge or driver preference for their
activity. If the state of charge of the vehicle was known for each user, a statistical analysis
could be performed to see the correlation between the state of charge and driver activity
while charging. Additionally, if drivers provided input into their activity while charging,
it could aid in determining the activity they plan to do based on the charge time or the
available chargers at each location. Furthermore, the activities performed by drivers at
these locations may vary based on nearby service options, including food, stores, and
entertainment. Expanding this study to more locations will benefit the EVSE community
and EV drivers. Overall, the study provides value to stakeholders as well as charging
providers that seek to balance reducing range anxiety and charging station utilization.
Although these techniques are labor-intensive, they can be implemented immediately.
Longer term, a combination of camera analytics, charging station data, connected vehicle
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data, and perhaps cell phone data will be important data sets, but those data sets are not
readily available. A brief summary of these opportunities is provided below:

• Ahmad et al. utilized smartphone data to identify the driver and passengers of a vehicle.
This analysis combined cell phone inertial measurements and GPS to determine the
person’s entry location in the vehicle and classify them as a driver or passenger, which
would aid in determining if a user remained in their vehicle or traveled to shops during
their charging session [33]. They can also reduce processing and increase accuracy by
incorporating vehicle data or door signals/activations.

• Connected vehicles currently provide information on GPS location, speed, heading,
and other information to assess traffic signal performance [34], roadway mobility [35],
and more recently have explored providing additional attributes for agency tracking,
including lane keep assist data for pavement marking evaluation [36], and wheel
sensor and drive train information for pavement quality [37]. This data can be used to
provide insights on driver activity while charging through production vehicle sensors.
Using CV data, such as air bag seat sensors, can help determine if the driver waits in
their vehicle while charging or if they perform an activity outside of the vehicle [38,39].

• Finally, video analytics may provide a reasonable substitute for manually observing the
images. Fixed cameras are currently used by transportation agencies and research to
aid in vehicle detection for counting, tracking, and understanding activity [40]. Further
AI developments have helped detect pedestrians to determine pedestrian/vehicle
conflicts [41], tracking [42], and distances between identified objects in video [43].
This tracking of objects in video has been expanded through AI solutions to aid in
multi-camera tracking of vehicles, which, upon further development, can aid in the
classification of driver activity at EV chargers [44].

Using any one of the methods or a combination of all would provide a scalable
approach to determining driver activity while charging.

7.2. Analysis of Station Usage by Charger Capacity

Distributions of driver activity between Electrify America and Tesla were quite similar,
but distributions of station utilization were dependent on charger type. The distribution
of utilization between each charging station can be observed in Figure 6. Figure 6a shows
observed utilization of the Electrify America chargers, whereas Figure 6b shows utilization
at Tesla chargers. Electrify America (EA) chargers have three different charging outputs, as
indicated in Figure 2. Stations 1, 3, 5, and 7 have a charging output of 350 kW; stations 4,
6, and 8 have an output of 150 kW; and station 2 has an output of 50 kW. All eight Tesla
chargers have a similar output of 150 kW, and Figure 6b shows a near-equal distribution of
use among those eight Tesla stations.

Table 2 summarizes the distribution plots in Figure 6. The charging outputs of each
station are also reported in the table. For the EA location, the station with the least utilization
is station 2, which is the 50 kW charger, and only 1.7% of the charge sessions were observed
at this charging station. The highest distributions of charge sessions were seen in the
350 kW chargers, with 68.2% of charge sessions occurring there. The remaining 30.1% of
charge sessions were observed at the 150 kW chargers. This distribution of charging is likely
due to the output at each charging station, as the cost per kWh is the same at each station
regardless of power supply. In contrast, Tesla chargers had a relatively equal distribution
of usage, varying from 10–15% of total charge sessions by station.
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Table 2. Station utilization by vehicle counts.

Station Electrify America
Observations

Electrify America
Percent Station Tesla

Observations
Tesla

Percent

Station 1
(350 kW) 222 18.5% Station 1

(150 kW) 477 15.0%

Station 2
(50 kW) 42 3.5% Station 2

(150 kW) 403 12.6%

Station 3
(350 kW) 336 28.0% Station 3

(150 kW) 382 12.0%

Station 4
(150 kW) 27 2.3% Station 4

(150 kW) 403 12.6%

Station 5
(350 kW) 71 5.9% Station 5

(150 kW) 347 10.9%

Station 6
(150 kW) 291 24.3% Station 6

(150 kW) 404 12.7%

Station 7
(350 kW) 189 15.8% Station 7

(150 kW) 339 10.6%

Station 8
(150 kW) 20 1.7% Station 8

(150 kW) 434 13.6%

An expansion of this study could be undertaken to include an analysis of the choice
of charging station compared to the individual vehicle’s peak charging rate capability.
Each electric vehicle model has a maximum charging uptake. For example, if the charging
conditions are right, including state of charge, ambient temperature, etc., some EV models
can only draw up to 55 kW. For this study, the least used charger was the 50 kW charger,
meaning individuals that had this restriction may have been using the 150 or 350 kW
charging ports, preventing other drivers from using the faster chargers even though their
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vehicles could not benefit from the higher kW charging ports. Conversely, drivers that
have the capability to use the 350 kW chargers but stay at the charging location longer than
required also cause underutilization of fast chargers. A further analysis may be performed
to aid in determining when charging stations are used incorrectly to ensure correct funding
and infrastructure investments are made that have the greatest impact on EV drivers.

7.3. Analysis of Usage with the Impact of Rain

Studies have shown that weather has the potential to change travel patterns for
multiple transportation modes, including transit [45], e-scooter or bikeshare [46], and
passenger vehicles [47]. The impact of weather can also influence refueling behavior
among internal combustion engine vehicle drivers, which is why many petroleum refuel
stations have canopy structures to protect fuel pumps and users during inclement weather.
Currently, many EV chargers lack a similar canopy, which may impact recharging. To
analyze weather impact during charging, the public National Oceanic and Atmospheric
Administration (NOAA) Global Forecast System (GFS) data was utilized by this study. This
forecast data is provided four times a day at 00:00, 06:00, 12:00, and 18:00, with forecasts
up to 16 days in advance [48]. For analysis purposes, the most recent forecast for each
time period was used, with the oldest being 5 h in advance. During the study period, the
temperature ranged from 43 to 93 degrees Fahrenheit, with an average of 68. Although this
study period only spans one season, future studies should be expanded to observe cooler
temperatures. Figure 7 shows the cumulative rain by hour of day across the study area
over the near 10-week study period. The heaviest rain events occurred in the beginning
of May 2022, with rates as high as 20 mm/h. For the purposes of this study, rain events
were classified into two categories: minimal or no rain and moderate or greater. According
to the United States Geological Survey (USGS), moderate rain is categorized by rates of at
least 0.5 mm per hour, which is the dashed horizontal line indicated on the graph [49]. Any
time a moderate or greater rain event occurred, the corresponding day was classified as
a rainy day. This was carried out to reduce discrepancies in observed charging behavior
for when the rain events were starting or ending, to account for the inaccuracies caused by
the forecast, and to help distinguish behavioral changes on days that rain was forecasted.
Using this method, 1295 (29.5%) of charge sessions were found to have occurred on a day
with moderate and greater rain. Electrify America and Tesla observations are reported as a
total here, as weather fronts moving through the study location would be assumed to have
a similar impact on each charging location, irrespective of the EVSE provider.

The comparison between charging sessions by hour of day for days of minimal to
no rain and moderate and greater can be seen in Figure 8 below. This graph shows the
average number of charging sessions by time of day. It can be noticed that during days with
moderate and greater rain in the forecast, the average number of charging sessions across
all stations decreased by about five sessions per hour, with the maximum decrease observed
during 5 p.m. to 6 p.m. with a difference of 13 charge sessions. A Welch two-sample t-test
was performed to test the difference between the number of charge sessions on days of
minimal to no rain and days with moderate and greater rain. A p-value of 0.019 suggests
rejecting the null hypothesis that the number of charge sessions on days with rain versus
no rain is similar. A similar analysis was performed for driver activity, where more drivers
waited in their vehicles while charging during rain events, but the difference was not
statistically significant. These results suggest that the weather has a discernible impact on
EV charger usage, and further analysis should be performed to compare other weather
patterns and charging activities.
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7.4. Analysis of Charging Usage Dwell Time

Figure 9 shows the dwell time at each station, by station type. Tesla chargers observed
the lowest median dwell time of 28 min. Electrify America stations with the same 150 kW
chargers had a median dwell time that was approximately 4 min longer (32 min). The EA
350 kW median dwell time was 31 min, and the EA 50 kW charger had a median dwell time
of 37 min. The interquartile range of all four charging station types was very consistent
and only varied between 20 and 22 min. This observed ranking is intuitive and aligns well
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with lower power outputs, resulting in drivers having to wait longer for a charging session
to complete.
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7.5. Analysis of Station Usage by Time of Day

Agencies want to ensure adequate charging capacity for travel demand and widespread
use. Designing for peak utilization, however, is too costly, and if there are not enough
charge stations, the site will be underutilized. Quantifying utilization by time of day can
help agencies appropriately size charging stations to determine peak usage and can also
provide important information for utilities for planning the temporal impact of EV charging
on their grid.

Figure 10a shows the percentage of utilization by hour of day for Tesla 150 kW,
Figure 10b shows EA 350 kW utilization, Figure 10c shows EA 150 kW utilization, and
Figure 10d shows EA 50 kW utilization. These graphics show that peak utilization generally
starts at 11 a.m. and begins to reduce around 6 p.m. Furthermore, Tesla chargers experi-
enced peak utilization of all eight chargers during 1–2 p.m. in the day with a utilization
rate of 25.0%. EA 350 kW chargers experienced peak utilization of four chargers at the
same time, with a utilization of 17%. EA 50 kW saw the least utilization, with the average
peak occurring at 12–1 p.m. at 5% for one charger.

Figure 11 shows peak percent utilization by day and hour for all Tesla charging
sessions sorted by the most utilized time. For a one-hour period, all eight stations were
never completely full, but Figure 11a shows all dates and hours of the utilization percent
across the study period that were non-zero. Figure 11b shows the top 30 dates and hours
by percent utilization. The top 30 periods with the highest utilization were found to be
on weekends, with the exception of Monday, 4 July 2022 (American National Holiday);
Monday, 30 May 2022 (American National Holiday); and Thursday, 16 June 2022. 29 of the
top 30 peak hours were observed on weekends and holidays for Tesla chargers.
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7.6. Analysis of Station Usage by Day of Week

In addition to observing the hour of day where peak utilization occurs, another
valuable performance measure can be the observed utilization by day of week. Figure 12
shows the percent utilization by day of week for Tesla charging stations and validates the
findings of Figure 11b, where the greatest usage of the chargers was on Friday, Saturday,
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and Sunday. Comparing these trends to those reported by the Bureau of Transportation
Statistics, the usage pattern of charging stations is similar to trip trends, where Fridays
account for the most daily trips versus the rest of the week [50]. Likewise, compared to
the 2017 national household survey, the highest percentage of non-work trips occur on
weekends, meaning a higher percent of drivers are traveling near and around the stations
and may need to charge as the average trip length is longer on weekends than weekdays
as well [51]. Similarly, this can provide stakeholders with actionable data to assess and
determine if additional charging capacity is required to support peak charging periods.
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8. Conclusions and Future Scope

Identifying optimal locations for EV charging stations across the nation is the highest
priority for agency stakeholders. The use of federal funds to build out a national charging
network is primarily aimed at filling gaps, better serving rural locations, and equitably
increasing charging capacity nationwide. Due to innovation and continuous improvements
in the EV charging domain, there is minimal data available for EV charger utilization
and widely varying practices for EV charger location identification. This study and the
methodologies proposed can be utilized by agencies to aid in identifying useful data from
chargers and optimizing EV charger placement.

• Over 4000 charging sessions across 16 charging stations were monitored for this
analysis in the months of May, June, and part of July 2022 to monitor driver activity
while charging, dwell time, and station utilization (Figure 2).

• Charging patterns by time of day and day of week were comparable to similar studies,
with the highest utilization being on the weekends and between the hours of 11 a.m.
and 6 p.m.

• Of the four charger types analyzed, the 50 kW charger was the least utilized, and the
150 kW Tesla charger had the highest usage.

• Driver activity while charging was categorized among six activities, with each activity
impacting the average dwell time at the charging station. Drivers that would leave
the premises would have dwell times of 30–60 min longer than those that waited in
their vehicles.
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• The weather impacted the use of public chargers, reducing the number of hourly
charge sessions.

The methodologies, subsequent analysis, and visualizations presented by this study
demonstrate the importance of considering charging/driver data for planning future
infrastructure investment. While the dataset used is derived from video footage, the
charger usage and dwell patterns found in it could very well be used as a surrogate for
future EV charge trends, and as public EV charger data and connected vehicle data become
more available, the analysis could be scalable nationwide. Future studies in this field may
involve comparative analysis between dwell sessions at other rest stops, cities, and charger
locations to define performance metrics that would allow stakeholders to strategically
plan as well as quantify the impact of their investment in EV charging infrastructure.
Additionally, observations recorded during different seasons and weather conditions could
provide insights into their effects on both charging activity and driver activity. Coupling
these metrics with EV charger placement decision-making frameworks will ensure the
optimal placement and utilization of EV charging infrastructure.
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