EVs@Scale: Next-Gen Profiles

EVis @
SCO|&€$\.

U.S. Department of Energy

EV Profile Capture 2024

ANL/TAPS-25/2 Argon Nne

NATIONAL LABORATORY



EV Profile Capture 2024: A Next-Gen Profiles Project Report

Disclaimer

This work was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, nor any of their contractors, subcontractors or their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness,
or any third party’s use or the results of such use of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof or its contractors or subcontractors. The
views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof, its contractors or subcontractors.




EV Profile Capture 2024: A Next-Gen Profiles Project Report

About Argonne National Laboratory
Argonne is a U.S. Department of Energy laboratory managed by UChicago Argonne,
LLC under contract DE-AC02-06CH11357. The Laboratory’s main facility is outside
Chicago, at 9700 South Cass Avenue, Lemont, lllinois 60439. For information about
Argonne
and its pioneering science and technology programs, see www.anl.gov.

DOCUMENT AVAILABILITY

Online Access: U.S. Department of Energy (DOE) reports produced after 1991 and
a growing number of pre-1991 documents are available free at OSTI.GOV
(http://www.osti.gov/), a service of the US Dept. of Energy’s Office of Scientific and
Technical Information.

Reports not in digital format may be purchased by the public from
the National Technical Information Service (NTIS):

U.S. Department of Commerce

National Technical Information

Service 5301 Shawnee Rd

Alexandria, VA 22312

www.ntis.gov

Phone: (800) 553-NTIS (6847) or (703) 605-6000

Fax: (703) 605-6900

Email: orders@ntis.gov

Reports not in digital format are available to DOE and DOE
contractors from the Office of Scientific and Technical Information
(OSTI):

U.S. Department of Energy

Office of Scientific and Technical Information

P.O. Box 62

Oak Ridge, TN 37831-0062

www.osti.gov

Phone: (865) 576-8401

Fax: (865) 576-5728

Email: reports@osti.gov

Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United
States Government nor any agency thereof, nor UChicago Argonne, LLC, nor any of their employees or officers, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of document authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof, Argonne National Laboratory, or UChicago Argonne, LLC.



http://www.anl.gov/
http://www.osti.gov/
http://www.ntis.gov/
mailto:orders@ntis.gov
http://www.osti.gov/
mailto:reports@osti.gov

EV Profile Capture 2024: A Next-Gen Profiles Project Report

Authors

The authors of this report are:
Sam Thurston, Argonne National Laboratory (ANL)
Landon Wells, Argonne National Laboratory (ANL)
Sadam Ratrout, Argonne National Laboratory (ANL)
Isaac Tolbert, National Renewable Energy Laboratory (NREL)
Pranav Gadamsetty, National Renewable Energy Laboratory (NREL)
Keith Davidson, National Renewable Energy Laboratory (NREL)
Namrata Kogalur, National Renewable Energy Laboratory (NREL)
Steven Knudson Schmidt, Idaho National Laboratory (INL)

Acknowledgments

The authors would like to acknowledge the valuable guidance and input provided during this
report. The authors are grateful to the following list of contributors. Their feedback, guidance, and
review proved invaluable.

Contributors:

Lee Slezak, Department of Energy — Vehicle Technologies Office (VTO)
Daniel Dobrzynski, Argonne National Laboratory (ANL)

Benny Varghese, Idaho National Laboratory (INL)

Richard “Barney” Carlson, Idaho National Laboratory (INL)

Amari Garrett, Idaho National Laboratory (INL)

Andrew Meintz, National Renewable Energy Laboratory (NREL)

Ed Watt, National Renewable Energy Laboratory (NREL)

Omer Onar, Oak Ridge National Laboratory (ORNL)

This report was prepared by Argonne National Laboratory for the U.S. Department of Energy,
Vehicle Technologies Office.




EV Profile Capture 2024: A Next-Gen Profiles Project Report

List of Acronyms

NGP
EV
EVSE
ICE
DC
AC
OEM
LD
HD
BMS
CCS
CAN
OBD
UDS
OCPP
DAQ
HPC
soc
SCM
XCEL
XFC
DOE

Next-Gen Profiles

Electric Vehicle

Electric Vehicle Supply Equipment
Internal Combustion Engine
Direct Current

Alternating Current

Original Equipment Manufacturer
Light-Duty

Heavy-Duty

Battery Management System
Combined Charging System
Controller-Area Network
On-Board Diagnostics

Unified Diagnostic Services
Open Charge Point Protocol

Data Acquisition System

High Power Charging

State of Charge

Smart Charge Management
eXtreme fast charge Cell Evaluation of Lithium-ion Batteries
eXtreme Fast Charging

U.S. Department of Energy




EV Profile Capture 2024: A Next-Gen Profiles Project Report

Executive Summary

As part of the U.S. DOE EVs@Scale consortium Next-Gen Profiles (NGP) project, the profile
capture and analysis of production electric vehicles undergoing high power charging (HPC) is
conducted over a wide range of conditions to explore variance and performance. Charge session
parameters are collected from both the electric vehicle (EV) and electric vehicle supply equipment
(EVSE) at a rate of 10Hz and entered into a time-series database for analysis. These charge profiles
are captured under nominal and off-nominal conditions, exploring the impact of battery state of
charge (SOC), battery temperature, vehicle condition, smart charge management (SCM), and
EVSE limitations. Nominal conditions are defined to be ideal conditions that should transfer the
maximum allowable energy in the minimum possible amount of time. Nominal condition profiles
are compared across EVs to characterize state-of-the-art EV charging performance against one
another. Off-nominal condition profiles are compared against its nominal condition profile
counterpart to highlight the variance across less desirable starting conditions within a single EV.

This EV Profile Capture 2024 report stands as an update from the EV Profile Capture 2023 report
to include the additional EV & EVSE assets tested and analyzed in 2024. The major updates within
this report include the addition of three next-generation electric vehicles, added test cases, and
further analysis. This expansion of analysis includes power profiles, power distribution,
quantifying SOC, energy and range performance, EVSE limitation impacts, boost converter
performance, etc. Additionally, NGP time-series data has been used as input towards three national
laboratory-led grid modelling efforts: ANL’s IEEE-37 HIL model, INL’s Caldera model, and
NREL’s EVI-X model. A summary of these platforms and how NGP has worked to improve their
effectiveness has also been added to this years’ report.

Under nominal conditions, most EVs can achieve the original equipment manufacturer (OEM)
rated peak-power and charge times. Peak power across EVs has variance due to the vehicle design,
battery topology, charging strategy, etc. These 10-100% nominal preconditioned charge profiles
across 16 EVs (14 light-duty (LD), 2 heavy-duty (HD)) were used for analysis in power curve
analysis, power distribution, SOC and range comparison, thermal impacts of current draw, battery
pack size and energy charged, and ramp rates.

Power curve analysis show the uniqueness in power vs time curves across all EVs, breaking down
the features of a typical profile and where variation is typically seen. Power distribution results
showed that over 50% of charge time is spent below 50kW and only 12.1% is spent above 200kW.
SOC and range performance yielded different top performing EVs when exploring goals of
performance from SOC and range gained after 10-min (EV2) and 20-min (EV8), and time-to-
achieve 80% SOC (EV8) and 200 miles of range (EV1). Current draw from 400-volt EVs had a
higher thermal impact to cable/connector temperatures when compared to 800-volt EVs, due to a
higher current requirement to achieve similar power levels. There was high variance in C rating, a
useful metric when comparing the relationship between peak/average charge session power and
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relative battery pack size, across EVs under test. Ramp rates during initial power transfer were
examined, fastest and slowest speeds ranging from 192.5kW/second to 2.6kW/second
respectively. A similar analysis of ramp rates was also conducted for OCPP curtailment testing,
where EVs underwent a 2-minute 65A curtailment request before returning to full-power charge.

Under off-nominal conditions, most EVs experienced variation from the nominal condition
profiles. EVs that underwent the full set of NGP defined testing conditions were compared,
analysis of which was categorized by 800-volt and 400-volt EVs. It should be noted that the 800-
volt EVs had significantly higher peak power ratings than the 400-volt EVs, and thus were more
prone to variance. Initial state of charge, battery temperature, and vehicle condition had a
considerable impact on peak power levels and charge time for the 800-volt vehicles under test.
EVSE limited tests lowered achievable power down to 150kW, greatly impacted 800-volt charging
power, and had little to no effect on 400-volt charging power. Adapter testing was performed on a
single 400-volt EV, where power and current limitations were found but overall charge time was
not significantly impacted. Adapter and boost converter testing was performed on a single 800-
volt EV, where both charge power and charge time were greatly impacted.

ANL’s IEEE-37 HIL grid model, INL’s Caldera modelling platform, and NREL’s EVI-X
modelling platform all made the effort to integrate NGP EV profile capture data this year. Each
platform did so to increase the accuracy and effectiveness of their models, using real-world
charging data rather than simulated profiles. This report delves deeper into what the goals of these
models were and how specifically NGP data was used to improve them.

Charge profiles are unique, and comparing such requires analysis that examines starting
conditions, vehicle and battery topologies, charger capabilities, etc. Examining performance under
one charging performance metric alone is not sufficient, and requires power, SOC, range, energy,
ramp rates, temperature, etc. to all be considered. This full range of analysis is especially important
for grid operators, current/future EV owners, and researchers if looking to capture the current state
of DC fast charging on production electric vehicles. The NGP research captures such data with
high fidelity and looks to increase its portfolio and analysis in future reports.

vii
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1 Electric Vehicle Profile Capture Introduction

This report provides data and results from the electric vehicle (EV) profile capture results
conducted for the U.S. DOE EVs@Scale Next-Gen Profiles (NGP) project. The analysis within
this report is a continuation of effort that was captured within a series of four reports published in
2023; EV Profile Capture 2023, EVSE Characterization 2023, Fleet Utilization 2023, and High-
Level Analysis and Procedures 2023. This EV Profile Capture 2024 update report will be released
alongside two others; EVSE Characterization 2024, and Fleet Utilization 2024.

The test article nomenclature in these reports was aligned for cross report comparison. For
example, EV1 22 LD >500V refers to EV#1, a model-year 2022 light-duty vehicle with battery
voltage topology above 500-volts. EVSE2_H1 refers to EVSE#2 operating on the CCS-1 liquid-
cooled cable, the first of two charge dispenser cables. This nomenclature was chosen for EV and
electric vehicle supply equipment (EVSE) anonymization to contain enough relevant information
for comparison without identification.

1.1 EV Profile Capture Significance Within NGP

This report studies the impact of initial vehicle conditions over the course of a charge session.
Several factors influence an electric vehicle’s charging profile during a full-charge event; the most
impactful of which are the starting state of charge (SOC) and initial battery temperature. Currently,
the public has a general understanding of ideal charging characteristics and profiles for many HPC
EVs. However, there is little public knowledge about how charging characteristics change around
varied boundary conditions. These boundary, or “off-nominal” conditions, are initial conditions of
the vehicle and charger that may impact charging performance. Understanding how changes in
boundary conditions affect charging profiles allows consumers to become knowledgeable and
informed about the market and charging capabilities of electric vehicles. In tandem with boundary
conditions, vehicle battery topology considerations are of particular interest, specifically 400-volt
and 800-volt systems. These EV battery topologies influence charging performance in several
ways and are explored in depth within this paper.

The work presented sets out to characterize 16 vehicles across 20 sets of boundary conditions and
4 types of EVSEs. Of these 260 different profile possibilities, 175 were able to be captured.
Highlighted are 138 profiles, with three different initial SOC conditions, three battery temperature
conditions, two vehicle conditions, one charge management case, and two EVSE limited
conditions.

1.2 What Are EV Charge Profiles

EV charge profiles are shaped by the charging capabilities, limitations, and management of the
vehicles’ internal battery when conducting a charge session. For the interest of a consumer, the
charge profile capability is related in terms of the state of charge and range, much like an internal
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combustion engine (ICE) vehicle would indicate the liquid level in the fuel tank. The amount of
time required to achieve SOC and range milestones aid drivers in minimizing time spent at DC
fast charging stations. For the interest of original equipment manufacturers (OEMSs), grid
providers, and researchers, power is often the metric used for performance comparison. Typically,
power is the determining factor when it comes to component sizing, grid planning, cost analysis,
charging speeds, etc. and must be understood when improving, managing, and categorizing EV
charging strategies.

1.3 What Influences EV Charge Profiles

Employing high level communication protocols, electric vehicles transmit a wide range of
information to direct current (DC) EVSE. This information includes details such as limits, state of
charge, and requested current. This exchange of information guides the EVSE to provide the
necessary requested current to the vehicles upon request, within the constraints set by the EVSE
for the charging session. The request for DC current is regulated by the vehicle's Battery
Management System (BMS), whose charge profile is programmed by vehicle Original Equipment
Manufacturers (OEMSs). The executed profile considers factors such as SOC and temperature. The
BMS of an electric vehicle is designed to oversee the battery's requirements during charging and
usage, ensure safety threshold integrity, and manage the longevity of the traction battery's lifespan.
Numerous specifics related to these BMSs, and charge profiles are deemed proprietary information
protected by vehicle OEMs.

1.4 Value behind EV Charge Profiles

A healthy and equitable EV charging market requires improved OEM, energy utility provider and
consumer understanding of EV charging profiles. Understanding the possibilities, limitations, and
the exact influences that an EV experiences while charging will help maximize the value of
actively managing EV charging energy demand and can influence consumer EV purchasing
behavior.

2 EV Profile Capture Measurements

Approximately 25 parameters were collected to quantify and characterize the EV and EVSE
charging system while in operation. The following sections define the measurement parameters,
locations and data collection equipment used for each EV charge session.

2.1 Measurement Parameters

The electrical measurement accuracy requirement for both the AC and DC measurements was +
0.1% of reading PLUS % 0.1% of full scale. The temperature measurement accuracy requirement
was = 0.1°C. All measurement parameters were sampled with a cadence of 10 Hz, except for
equipment metadata.




EV Profile Capture 2024: A Next-Gen Profiles Project Report

2.1.1 EVSE Measurement Parameters

The full list of EVSE measurement parameters can be seen in Table 1: EVSE Measurement . It
should be noted that many of the same measurement parameters are similarly described in the
EVSE Characterization: A Next-Gen Profiles Project Report document. EV emulators were not
employed for EV profile capture, and as of such, characterization of the liquid cooled Combined
Charging System (CCS) cable and connector was not considered in this report.

Table 1: EVSE Measurement parameters
EVSE Measurement Type = Parameter Phase Units

EVSE Unique ID - -
EVSE Firmware / Software ) i
EVSE Meta-data Version
. MM/DD/YY
Timestamp : hh/r/nm//ss.dd
Voltage A B,C V (RMS)
Current A B,C A (RMS)
Frequency A B,C Hz
Real Power A B, C W (RMS)
ﬁf\igﬁg;?ﬂ“;to Each Reactive Power A B,C VAR (RMS)
Apparent Power A B, C VA (RMS)
Power Factor A B,C %
Current THD A B, C %
Current Harmonics 3rd, 5th, 7th QOth % (of Ideal)
Energy Management OCPP Server / E-mobility ) Curtailment Request
Source Service Provider, Other (A or kW)
Voltage DC \"
Current DC A
EVSE Charge Pedestal Power DC W
(Dispenser) Output Energy Charged DC Wh
Dispenser Supply Fluid Temp - °C
Dispenser Return Fluid Temp - °C
Voltage AC V (RMS)
- Current AC A (RMS)
EVSE Aucxiliary System(s)
Power AC W (RMS)
CCS Cable Temperature - °C
EVSE CCS Cable CCS Connector Temperature - °C
EVSE CCS Connector ?::qlgs:aﬁzemal Alr - °C
EVSE Power Cabinet ?:r:'gs:aﬂ:;ema' Alr : °C

The EVSE Unique ID, Firmware, and Software version parameters have been omitted, or altered,
for anonymity. The Energy Management Source Curtailment Request was only recorded for




EV Profile Capture 2024: A Next-Gen Profiles Project Report

sessions that were performed with Smart Charge Management testing. For some tests, EVSE
measurements were not able to be obtained, or were extremely limited due to alternative EVSE
configurations and testing through off-site, public charging equipment.

2.1.2 EV Measurement Parameters

This section details the EV measurement metrics that were observed/collected at a sample rate of
10Hz when conducting EV charge sessions. All the EV measurement parameters are shown in
Table 2: EV measurement parameters.

Table 2: EV measurement parameters

EV Measurement Type Parameter Phase Unit
EV Unique ID - -
EV Firmware / Software Version - -
. - DD/MM/YYYY
EV Meta-Data Timestamp hh:mm:ss.000
Vehicle Traction Battery Nominal Voltage DC \
Vehicle Traction Battery Nominal Capacity DC kWh
Display Battery SOC - %
Actual Battery SOC - %
Average Battery Temperature - °C
Minimum Battery Temperature - °C
Maximum Battery Temperature - °C
CAN-Bus Battery Voltage DC Vv
Battery Current DC A
Battery Power DC W
12V Battery Voltage DC \
Range = miles
Ambient Temperature - °C

For this report, some of the EV Meta Data parameters have been omitted, or altered, for anonymity.
All measurement parameters were included for each captured charge session. The “Display Battery
SOC” was used to define the “Initial State of Charge” boundary condition. The “Average Battery
Temperature” was used to define the “Battery Temperature” boundary condition.

2.2 Measurement Locations
2.2.1 EVSE Measurement Locations

This section details the locations of the measurements taken for each parameter described within
2.1.1 above. This section is also described in more detail in the EVSE Characterization: A Next-
Gen Profiles Project Report document.

To produce consistent measurements across multiple charger topologies, the measurement
locations for each topology being tested needs to be explicitly defined. Figure 1 depicts the two
types of charger topologies, paralleled at the dispenser, and paralleled at the primary power
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cabinet, used for testing the charging characteristics of EVs in this report. On the left of the figure,
each power cabinet is DC coupled directly to the EVSE dispenser; this is considered a paralleled
system coupled at the dispenser. On the right image of the figure, the power cabinets are coupled
to each other and only have a single DC connection to the dispenser; this is considered a paralleled
system that is coupled at the primary cabinet. This difference of topology drives requirements on
the measurement locations for each system to properly characterize the power flow within the
charging system.

HPC Dispenser

HPC Dispen;er HPC Power Cabinets
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AC Conduit
Paralleled At Dispenser DC Conduit Paralleled at Primary Power Cabinet

Figure 1: EVSE System Topologies

As depicted in Figure 2Figure 1, the alternating current (AC) electrical input to the HPC EVSE
was measured at the input to each power cabinet as supplied from (downstream of) the local service
panel. For three phase measurements, the two-wattmeter method was employed for some of the
charge sessions and direct measurements of all three phases were also used. The DC output from
the EVSE was measured at the dispenser input during all testing for the EV charging
characterization tests. If the EVSE topology included an additional DC-DC converter internal to
the dispenser, the DC measurement point was at the final output of the additional DC-DC
converter. This measurement point, at the input of the cable connection from the dispenser to the
EV inlet, was not diagrammed.

The auxiliary system measurements in the HPC EVSE include but are not limited to cooling,
controls, lighting, front touch panels, and other loads. These were measured at the source location
in the EVSE. The DC output and the AC auxiliary power measurement locations at the dispenser
are shown in Figure 3 for both EVSE topologies used in this project.

The temperature measurements obtained in this project were measured as close to the described
locations as possible. Cable temperature was measured at the surface of the coolant system tubing
in the cable. The Dispenser Supply and Returning Fluid Temperature were measured at the surface
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of the coolant system tubing, in both entry and exit points respectively. EVSE Power Cabinet
Internal Air Temperature was obtained midway through the inside of the cabinets.

Secondary Primary Dispenser

Figure 2: EVSE Secondary and Primary Figure 3: Charge Dispenser DC and
Power Cabinet 480VAC Metering AC Auxiliary Power Metering Locations

2.2.2 EV Measurement Locations

EV parameter measurements were made through the vehicle Controller Area Network Bus (CAN-
bus) interface. Most vehicle data was read from the on-board diagnostics (OBD-II) port, which
provided access to vehicle data through unified diagnostic services (UDS) protocol. In cases where
the vehicle did not have an OBD-II port, high-speed CAN-bus data was accessed directly. Vehicle
Meta-Data was obtained directly from the vendor when listed, but for the purpose of this report
Meta-Data has been omitted or altered to keep vehicle information anonymized.

2.3 Measurement Equipment
2.3.1 EVSE Measurement Equipment

Equipment used for the measurements of the EVSE during an EV charge session included power
analyzers, AC/DC current probes, voltage taps, and additional thermistors where necessary. These
were utilized to obtain all the previously mentioned EVSE measurement time-series parameters.
Equipment was chosen to meet all current and voltage requirements at a sampling rate that met the
NGP defined frequency of 10Hz.

2.3.2 EV Measurement Equipment

Measurements of EV data during the charge session were made using the CAN-bus interface,
which required telemetry devices to read, and log needed data. To access the CAN-bus using the
OBD-II port, a CAN transceiver device was utilized. This device utilized UDS CAN protocol to
request/receive data from the vehicle for charging specific information. To decode specific
messages, vehicle scan tools were used for database creation on a vehicle-to-vehicle basis. This
also was used to understand potential faults and error codes that might come about when charging.
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3 EV Profile Capture Testing Conditions

EV profile capture testing was designed to characterize and quantify electric vehicle charging
profiles without damaging them. EV charge profile capture testing aimed to quantify a large set of
charging profiles for a representative sample of available electric vehicles that characterize the
charging power profile of the vehicle and charger combination.

3.1 Nominal & Off-Nominal Conditions

This section highlights the EV and EVSE testing conditions when characterizing EVs during a
charge session. Table 3 describes the EV testing condition parameters and Table 4 describes the
EVSE testing condition parameters used when obtaining an EV charge profile; there exists a total
of twenty possible EV charge profiles per EV. While not every EV was able to be characterized
under all combinations of these conditions, all EVs were subject to profile captures under nominal
test conditions.

A nominal test was conducted under ideal conditions that should transfer the maximum allowable
energy in the minimum possible amount of time. The following EV parameters must have been
fulfilled to complete a nominal test: “starting SOC” of the vehicle must have been 10%, “starting
battery temperature” must have been 23°C, “starting vehicle condition” must have been
preconditioned. For the EVSE, the following parameters must have been fulfilled to complete a
nominal test; “Outside Ambient Temperature” must have been at 23°C, “Smart Charge” values all
must have been FALSE, and no limits were placed on the EVSE cabinets or available DC current.

Table 3: EV condition parameter requirements

EV Condition Parameter Parameter Requirement Tolerance
10% (Nominal) + 2% (Reported Usable*)
Starting State of Charge 25% + 2% (Reported Usable*)
50% + 2% (Reported Usable*)
23°C (Nominal) +2°C
Starting Battery Temperature 40°C (Hot) +2°C
-7°C (Cold) +2°C
Preconditioned Variable**
Starting Vehicle Condition
Soaked Steady State***

Reported Usable* - SOC value was based on the reported available SOC to the user; not the absolute SOC of
the battery pack.

Variable** - Battery pack was pre-conditioned (heated or cooled) to a vehicle target temperature via drive
cycle; preconditioning was performed once vehicle battery has reached target starting battery temp.

Steady State*** - Vehicle was temperature soaked for a minimum of 4-hours under target weather
conditions.
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Table 4: EVSE condition parameter requirements

EVSE Condition Categories Condition Metric Requirement Tolerance
23°C (Nominal) +2°C

Outside Ambient Temperature 40°C (Hot) +2°C

-7°C (Cold) +2°C

FALSE (Nominal) -

Request
TxProfile -

No Limit (Nominal) -

Duration -
2 Minutes -

Smart Charge
No Request (Nominal) -

Scheduling : - -
2 (min) After Charge Session Start + 1 (min)

No Limit (Nominal) -

Value
65A (AC Input Current) -

No Limit, Dual Tower (Nominal) -

Limited, Single Tower -

EVSE Limited
Limited, 150kW -

Limited, 500V -

Nominal starting battery temperature conditions were met by keeping the EV inside a temperature-
controlled room for an extended period and confirming vehicle battery temperature data via the
CAN-bus. Off-nominal battery temperature conditions were achieved by leaving the vehicle
outside for an extended period on days meeting ambient weather requirements listed above in
Table 3: EV condition parameter requirements.

To qualify as a Smart Charge or EVSE Limited test, the EV and EVSE must have been operating
under nominal conditions for SOC, temperature, and vehicle conditioning. These tests
characterized the EV charge profile with charging system current limitations.

3.2 On-site & Off-site Testing

Several EV charge sessions were conducted off-site in a non-laboratory setting. Field testing was
performed under the same initial conditions to ensure consonant EV charge profiles were collected.
Off-site testing had limitations in the amount of EVSE boundary conditions and amount of
available EVSE telemetry. Because field and laboratory testing were not significantly different,
they were not differentiated in this report.
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4 EV Profile Capture Testing Results

This section elucidates the quantitative and qualitative outcomes discovered within the analysis of
Next-Gen profiles, showcasing significant areas of interest in terms of the performance of DC fast
charging. The data collected through rigorous testing procedures is presented and analyzed in
detail, revealing key insights and observations pertinent to the research objectives.

4.1 Typical EV Charge Profile Anatomy

EV charge profiles have many unique characteristics across different EV implementations that are
impact by starting conditions, EVSE power availability, battery degradation, etc. Performance of
charge sessions are analyzed in many ways, one of which is by analyzing DC power, current, and
voltage throughout the full duration of the charge. Figure 4 shows the typical charging behavior in
Li-ion batteries (currently one of the most common EV battery chemistries implemented today),
this example being a 5V battery. Relating that to an 800VDC EV charge profile collected in Next-
Gen Profiles, the two share many similarities.
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Figure 5: DCFC Session on Conventional EV
(Source: Next-Gen Profiles)

This power profile (power vs. time, or current vs time plot) for electric vehicle DC fast charging
typically starts with high power during the "constant current” phase of the charge and gradually
decreases as the battery SOC and temperature increases. Power steps in this phase are often
referred to as “power plateaus” where step changes are observed before reaching the “constant
voltage” phase, which may occur for a number of reasons that are unique to the EV charging
strategy, EV conditions and the capabilities of charging equipment under use.

As the state of charge increases the session transitions to a "constant voltage™ phase, where power
gradually decreases because the vehicle modulates requested current to prevent battery
overvoltage. As the battery nears full capacity, power decreases significantly to prevent
overcharging and tapers the charging process off until completion.
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4.2 Comparing Performance

EV charging profiles of various electric vehicle models were evaluated by comparing time series
power profiles, state of charge and range, energy charged, current draw, EV battery topologies,
power C-rating, ramp rates and OCPP curtailment.

4.2.1 Time Series Power

Analyzing EV charging power profiles over time helps compare how vehicles charge over a given
period, aids users to manage energy consumption, plan charging schedules effectively, and enables
efficient and optimized charging experiences for both users and grid managers. Power profile
curves for EV charging vary among different electric vehicles due to their battery capacities, BMS
and powertrain design, charging technologies, initial conditions, and internal systems, resulting in
distinct charging profiles. This uniqueness influences factors like charging speed, peak power
demands, and the duration spent at various charging levels, reflecting the diverse characteristics
and capabilities of each EV model.

10-100% Nominal Preconditioned EV Profiles: DC Power[W]
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Figure 6: 10-100% Nominal Preconditioned: DC Power vs Time

Figure 6 includes the top performing charge sessions across the NGP portfolio of EVs under
nominal starting conditions of 10% starting SOC, ~23°C starting battery temperature, pre-driven
on a 40-60minute drive cycle prior to charge, and charging until SOC is 100%. These results were
intended to showcase the diversity and uniqueness in charge performance with relation to power
over time. Power profiles for EV14, EV15, and EV16 have been highlighted as they are new
additions to the NGP portfolio in 2024.
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10-100% Nominal Preconditioned LD EV Profiles: Min, Max, Mean DC Power[W]
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Figure 7: 10-100% Nominal Preconditioned LD EV Profiles: Min, Max, Mean DC Power

Figure 7 utilizes the charge profile data from Figure 6 to create hypothetical best performing
(Max), worst performing (Min), and average charge performance (Mean) in terms of DC power
and charge time from the 14 LD EVs under test. The Max profile was calculated using max DC
power of all 14 LD profiles throughout the time-aligned charge sessions seen in Figure 6, with the
profile curve terminating at the time from the shortest duration charge session. Conversely, the
Min profile was calculated using the min DC power of all 14 LD profiles, terminating at the time
from the longest duration charge session. Mean profile calculated using the average across all 14
profiles, and ended at the average of all charge session’s duration.

10-100% Nominal Preconditioned EV Profiles: Average & Max DC Power[W]
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Figure 8: 10-100% Nominal Preconditioned: Average & Max DC Power
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Figure 8 summarizes average and maximum power for each EV asset charging under nominal
conditions from Figure 6. The relationship between peak and average power provides useful
information about the implemented EV charging strategy. For example, EV3’s peak power was
much lower than EV2, however its average power was higher. This could be due to a more
conservative charging experience with EV3, utilizing lower peaks for longer durations that can
ultimately lead to shorter total charge time from 10-100% SOC. However, the approach of higher
peaks for shorter duration seen by EVV2 was a common strategy intended for a shorter charge time
from 10-80%, utilizing high power in the early stages of the charge session and sacrificing
performance during the later stages of charge. Both strategies were equally valid, having their own
pros/cons that may benefit the EV driver in different ways. Grid operators must be able to
accommodate the additional aggregate grid load from all types of DC fast charging strategies.
Table 5 contains additional performance metrics on each of the power curves from Figure 6.

Table 5: 10-100% Nominal Preconditioned: Performance Details

areing e e ope e Old

Peak D Avg D
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EV1 LD >500V 200-250 ~105 18.7 10.6 10.5 39.8
EV2 LD >500V 250-300 ~65 58.1 3.5 14.3 75.9
EV3 LD <500V 100-150 ~110 13.5 30.0 0.0 43.5
EV4 LD <500V 150-200 ~55 87.0 37.2 6.9 131.1
EV5 LD <500V 200-250 ~70 42.7 7.5 6.1 56.3
EV6 LD <500V 200-250 ~75 66.5 8.4 18.0 92.9
EV7 LD <500V 100-150 ~25 140.6 2.4 0.0 143.0
EV8 LD >500V 200-250 ~95 28.1 1.9 16.4 46.4
EV9 LD <500V 150-200 ~45 97.0 17.3 7.6 121.9
EV10 LD <500V 100-150 ~45 84.5 2.3 0.0 86.8
EV11 LD >500V 200-250 ~95 26.4 7.0 13.0 46.4
EV12 HD >500V 350-400 ~130 34.9 45.1 60.7 140.7
EV13 HD >500V 300-350 ~145 59.6 6.7 77.9 144.2
EV14 LD <500V 200-250 ~95 35.0 13.3 17.7 66.0
EV15 LD >500V 250-300 ~90 43.1 3.7 20.0 66.8
EV16 LD >500V 350-400 ~140 102.2 8.2 23.4 133.8

In Figure 9 the evaluated power curves were segmented into 50kW buckets to visualize the amount
of charge session time each EV spent within a range of power. Rather than comparing total charge
time, this was analyzed using a percentage of total charge time for comparison. A high degree of
variance was seen when examining these buckets on a vehicle-to-vehicle basis, however it was
clear the evaluated EVs spent most of their charging at power levels <50kW. This analysis could
further be separated into smaller/larger bucket sizes if desired.

12



EV Profile Capture 2024: A Next-Gen Profiles Project Report

10-100% Nominal Preconditioned EV Profiles: Individual DC Power[kW] Percentage Time Distribution
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Figure 9: 10-100% Nominal Preconditioned: Individual DC Power Percentage Time Distribution

Combining the individual results from Figure 9, an aggregated power distribution of the sixteen
NGP EVs was derived. Figure 10 gives a percentage breakdown of time spent within the specified
50kW regions, of which just under 50% was spent below 50kW and 14.7% was spent above
200kW.

10-100% Nominal Preconditioned EV Profiles: Combined DC Power[kW] Time Distribution
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Figure 10: 10-100% Nominal Preconditioned: Combined Power Distribution
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4.2.2 State of Charge, Range, Energy Charged

Understanding charge performance metrics like state of charge gained, range added, and energy
charged is vital for EV drivers to make informed decisions regarding charging strategies,
minimizing travel, charging time, and managing battery health. This information also assists
prospective EV users by informing them of their choices when adopting electric vehicles and
managing their charging needs.

Different goals or benchmarks are often used to characterize charge performance in terms of SOC,
range, and energy charged. Figure 11 depicts charging performance as measured through SOC,
energy, and range gained after 10 minutes and 20 minutes of DC charging, sorted using an SOC
bias. EV8 was the highest performing when it comes to SOC gained after 20 minutes of charging,
but EV2 was the highest performing for SOC gained after 10 minutes. The ranking of top
performing EVs would further change if the metrics were changed to different end goals such at 5
minutes, 15 minutes, etc.

10-100% Nominal Preconditioned EV Profiles: SOC, Energy, Range Gained @ 10min, 20min
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Figure 11: 10-100% Nominal Preconditioned: SOC, Energy, & Range After 10-min & 20-min - SOC Biased

The same comparison was done in Figure 12, except the performance metric sorting criteria was
changed from SOC to energy charged (kWh). Here it was seen that EV8 falls from top performing
EV down to sixth, being replaced with EV16 that was previously ranked in eleventh place in an
SOC biased comparison. This new perspective shared insights on how much energy was being
transferred into the EV battery pack, a useful metric for grid side operators and consumers as
charge session cost is typically measured in kwWh charged.

The same comparison was done in Figure 13, except the performance metric sorting criteria was
changed to range gained (miles). Again, it was seen that the top performing EV changes and EV15
was the top performer. It could be argued that range is the most important performance metric to
an EV driver as it is an easily digestible metric for most drivers, however actual on road range can
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be impact by a number of reasons (temperature, driving behavior, towing, etc.) and so it is
important to understand all three metrics (SOC, energy gained, and range) when quantifying
charging performance.

10-100% Nominal Preconditioned EV Profiles: SOC, Energy, Range Gained @ 10min, 20min
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Figure 12: 10-100% Nominal Preconditioned: SOC, Energy, & Range After 10-min & 20-min - kWh Biased

10-100% Nominal Preconditioned EV Profiles: SOC, Energy, Range Gained @ 10min, 20min
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Figure 13: 10-100% Nominal Preconditioned: SOC, Energy, & Range After 10-min & 20-min - Range Biased

Figure 14 and Figure 15 show time required to reach 80%, 100% SOC and 100mi, 200mi range
gained; more examples of metrics that would be desirable for consumers when
considering/comparing future EV purchases or operating an EV on a long-distance trip. This
performance analysis is similar to plots Figure 11, Figure 12, and Figure 13, however now using
a slightly different approach where the time to achieve a target metric is analyzed. Also similar to
the above analysis, changing between SOC and range bias yields different top performing EVs. It
should be noted that these milestones could have been altered to have different goals such as time
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to 90% SOC or 50-miles, 150-miles, 300miles range added which would have yielded new results
for the order of top performing EVs.

10-100% Nominal Preconditioned EV Profiles: Time to 80%, 100%, 100mi, 200mi
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Figure 14: 10-100% Nominal Preconditioned: Time to Gain 80%, 100%, 100mi, 200mi - SOC Biased
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Analyzing performance in terms of SOC, range, and energy charged is complex and could be
presented in multiple ways. It is important for current and future EV drivers, OEMs, grid planners
and policy makers, among others, to understand different methods of quantifying and comparing
EV charging performance.
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Figure 16 examines the relationship between SOC and energy charged. By including the relative
battery pack size along with energy charged after 10 minutes and 20 minutes, it highlighted the
size of vehicles under test and grid energy required to complete a full 10-100% session. Further, a
kWh-based state of charge was calculated and further compared to the reported “Display SOC”
that was gathered for SOC analysis.

10-100% Nominal Preconditioned EV Profiles: Energy Gained, Pack Size & SOC
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Figure 16: 10-100% Nominal Preconditioned: Energy Gained, Pack Size & SOC

4.2.3 EV Battery Topologies, Current Draw

Battery systems powering EVs play a pivotal role in a DC fast charging session, serving as the key
component that drives the charging process. The battery's voltage, state of charge, current capacity,
internal resistance, BMS and thermal management systems collectively determine the vehicle
charging rate, influencing the overall speed and efficiency of the charging session. Production EV
battery topologies in today’s market typically have either a <500VDC (400-volt) or a >500VDC
(800-volt) Lithium-lon battery topology. While 400-volt batteries have a more established history
within the EV charging industry, vehicles equipped with 800-volt batteries have begun to enter the
market.

Next-Gen Profiles EVSE assets used for DC fast charging within the NGP were specified to ensure
all production EVs under test could charge at full power without EVSE limitation utilizing state-
of-the-art 500A, typically-liquid-cooled cables. However, even at the maximum cable current of
500A a 400-volt vehicle was limited to <250kW DC power. Thermal impacts were an area of
consideration when examining current draw, as power (heat) dissipated in a wire increases
exponentially with current.
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10-100% Nominal Preconditioned LD EV Profiles:
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Figure 17: 10-100% Nominal Preconditioned: Figure 18: 10-100% Nominal Preconditioned: Current &
Maximum Current Connector Temperature

Figure 17 summarizes the light-duty (LD) battery voltage configurations for the NGP EVs under
test, showing that the top performing 400-volt vehicles required much higher current draw to
compete with 800-volt power levels. Figure 18 highlighted the thermal impacts of higher amperage
charge sessions due to lower EV battery voltage topologies. Newly added EV16 is an 800-volt
charging topology that accepts ~500A peak current, resulting in a relatively higher connector
temperature than the other 800-volt, lower-current EVs.

4.2.4 Power and Current “C” Rates

Another metric used to quantify battery performance in the context of DC fast charging is C rate.
The C rate is a ratio of a battery’s given current discharge or charge rate in relation to the battery's
ampere-hour capacity —a C rate of 1C indicates a current level which would fully charge/discharge
the battery in 1 hour (in an ideal example). Figure 19 compares the observed current C rate of all
LD and HD EVs under test for the NGP portfolio. The observed C rate calculation was performed
by observing the total ampere-hours charged during the entire session, and then comparing the
total ampere-hours charged with the peak instantaneous current and average instantaneous current
as inputs for peak C rating and average C rating respectively.

Apeak_observed kWpeak_observed

C =
power_max kW
charged_observed

Ccurrent_max -

Ahcharged_observed

_ Aaverage_observed _ kWaverage_observed
Ccurrent_avg - Ah Cpower_avg -
charged_observed

kthharged_observed
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It should be noted that these are estimated values — the total ampere-hours charged during these
sessions (as used in the C rate calculations) will be slightly different than the battery’s true total
ampere-hour capacity, since these tests were ran from 10-100% Display SOC and not true 0-100%
Actual SOC. Similarly, total kilowatt-hours charged compared against peak DC power and average
DC power was used to calculate power C rating in Figure 20, which yields similar results to that
of the current C rating with slight variance.

10-100% Nominal Preconditioned EV Profiles: Observed Peak & Average Current C Rating
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Figure 19: 10-100% Nominal Preconditioned: Observed Peak & Average Current C Rating

10-100% Nominal Preconditioned EV Profiles: Observed Peak & Average Power C Rating
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Figure 20: 10-100% Nominal Preconditioned: Observed Peak & Average Power C Rating
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4.2.5 Ramp Rates & Charge Session Curtailment

Power during initiation of a DC fast charge session (ramp rate) can be used in quantifying the
charging performance of an EV. Figure 21 examined the first 90 seconds of the same power profile
curves from Figure 6. Figure 22 depicted the same data after computing ramp rates in kW/second.
Results showed EV2 and particularly EV3 had drastically faster ramp rates than the other charge
profiles.
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Figure 21: 10-100% Nominal Preconditioned: DC Figure 22: 10-100% Nominal Preconditioned: DC
Power Charge Start Power Ramp Rates

Power transfer ramp rates were examined in response to open charge point protocol (OCPP) smart
charging commands. Figure 23 summarizes the OCPP curtailment testing results containing the
EV assets that underwent a 2-minute, 65A curtailment request. EV8 was tested on 2 different
EVSE assets under the same conditions to prove results continuity across different charger
manufacturers. SetChargingProfile OCPP commands were scheduled prior to plug-in whilst the
EV/EVSE data acquisition system (DAQ) system recorded 10Hz time-series data as with all other
collected profiles. The results showed a very responsive system under ideal laboratory conditions,
starting/ending curtailment with high accuracy within seconds of scheduling.
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10-100% Nominal Preconditioned EVs: OCPP Curtailment Response
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Figure 23: 10-100% Nominal Preconditioned: OCPP Curtailment Curves

Figure 23 is a close-in view of the full OCPP curtailment examining the ramp-down to 65A, which
was nearly instantaneous. Figure 25 zooms in on the end of scheduled curtailment where the EV
returned to full power operation with no EVSE limitations. This ramp-up was noticeably more
prolonged than the ramp-down; approximately 25 seconds required for all vehicles to return to full
power operation. This ramp-up rate appeared to follow similar performance to the ramp rates seen
in the initial stages of power transfer, presented in Figure 21 and Figure 22
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Figure 24: 10-100% Nominal Preconditioned: OCPP

Figure 25: 10-100% Nominal Preconditioned: OCPP
Ramp Down

Ramp Up

As smart charge management platforms continue to become adopted within industry, it is
increasingly necessary to characterize the performance of production EV and EVSEs that
incorporate similar control strategies. This work could be further advanced by exploring alternative

SCM approaches and boundary conditions such as emergency curtailment, starting charge during
a curtailment period, and testing more assets.

21



EV Profile Capture 2024: A Next-Gen Profiles Project Report

4.3 Impacts on Charge Performance

This section examines the impacts that boundary, or “off-nominal” conditions had on charging
performance, such as battery SOC, temperature, vehicle conditioning, EVSE limitations, and
adapters and boost converters. Whereas section 4.2 analyzed the performance of all EVs under
nominal conditions, this section analyzes the performance of two or three 400-volt and 800-volt
EVs that underwent all boundary condition testing to highlight the variability even a single EV
experienced while charging under different starting conditions. This area of study is especially
valuable to deliver realistic expectations for EV charging performance, rather than observing the
best possible outcomes through a nominal starting condition charging experience.

4.3.1 Starting Battery State of Charge

The effect of initial SOC as a boundary condition on EV charging profiles was explored. Figure
26 shows three 800-volt EVs that underwent three charge sessions with similar starting conditions
of nominal temperature and vehicle preconditioning, but with the starting SOC values ranging
from 10%, 25%, and 50%. These three starting SOC values were chosen to explore the variance
below 50% SOC with the goal of targeting realistic consumer starting conditions. Generally, as
starting SOC increases, peak power values and time spent during peak power decreases.
Intuitively, one would expect that the charge time to 100% would have been the lowest when
starting at 50% SOC, however the 50% starting charge session was the shortest charge session for
only one (EV2) of the three EVs evaluated.
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Figure 26: 10, 25, 50-100% Nominal Preconditioned: 800-volt EVs Power & SOC

Figure 27 shows the same starting SOC boundary condition testing performed with three 400-volt
EVs under similar nominal temperature and vehicle preconditioning initial conditions. These
vehicles exhibited less variation in peak power across the range of starting SOCs, except for EV5
that yielded a much lower peak power from the 50% starting SOC than its 10% and 25%
counterparts.
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10-100%, 25-100%, 50-100% Nominal Preconditioned: 400-volt EVs Power & SOC
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Figure 27: 10, 25, 50-100% Nominal Preconditioned: 400-volt EVs Power & SOC

It was observed that vehicles capable of high-power charging above 200kW required much more
specific starting conditions to achieve vehicle rated peak power. Battery limitations, OEM
charging strategies, and EV driver behavior are all factors to be considered when analyzing the
optimization of starting SOC in DC fast charging.

4.3.2 Starting Battery Temperature & Conditioning

The effect of initial EV battery temperature as a boundary condition on EV profile capture was
explored at starting temperatures of nominal (23°C), hot (40°C), and cold (-7°C).

Figure 28 highlights the thermal impacts on charge performance for three 800-volt EVs that
underwent nominal, hot and cold weather testing. These charge sessions ran from 10-100% had
similar performance at the nominal (green) and hot (blue) conditions, achieving the OEM-rated
peak power levels in both scenarios. High temperature charging was observed to have a negligible
effect on the shape of the charging profiles for the evaluated vehicles. There was a noticeable
drop-off in performance when observing the cold weather (orange) charge sessions, most of which
were unable to charge above 100kW or until battery temperatures had risen.
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10-100% Nominal, Hot, Cold Preconditioned: 800-volt EVs Power & Batt Temp
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Figure 28: 10-100% Nominal, Hot, Cold Preconditioned: 800-volt Power & Battery Temp

The same analysis was conducted for 400-volt vehicles seen in Figure 29 with similar results to
the tested 800-volt vehicles but with less variation. EV3 had a noticeably lower peak power and
longer charge time during the cold session than the other boundary conditions, however EV4 was
able to perform with higher peak and lower charge time during the cold session. This could have
been due to EV4 having some combination of a larger pack size than EV3 (nearly 50% larger
battery pack), differing battery chemistry, software optimization, lower margins of design safety,
and/or better thermal management. Only nominal and hot conditions were captured for EV5 but
were included to further show the similarity in performance between the two conditions.
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Figure 29: 10-100% Nominal, Hot, Cold Preconditioned: 400-volt Power & Battery Temp

Vehicle conditioning was explored for its effects as a boundary condition on EV charging profiles.
To achieve required initial conditions, vehicles were soaked for a minimum of four hours in
temperature-controlled environments or outdoor weather conditions and EV pack internal
temperatures were confirmed through vehicle diagnostic data. Upon reaching the targeted starting
temperature after a stationary soak, a charge session was immediately conducted to fulfill the
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“soaked” vehicle test condition. The pre-driven vehicle condition was set by driving the vehicle
on a 40-60-minute route after reaching battery starting temperature from the vehicle soak. This
condition impacted the starting temperature of the battery, but more accurately emulated real-
world scenarios of on-demand charging at public chargers. Many production EVs have a
preconditioning feature that preheats or precools the battery to optimal temperature when GPS
anticipates charging at a public DC fast charging station, allowing for ideal starting temperature
and power results upon plug-in. Performing this drive cycle with or without the utilization of
preconditioning and conducting a charge session fulfilled the “preconditioned” vehicle condition.
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Figure 30: 10-100% Nominal: 800-volt EVs Soaked vs Preconditioned

Figure 30 depicts the results of 800-volt vehicles under nominal temperature 10-100% charging
conditions, comparing the effects of soak and precondition on charge performance. Results showed
that the preconditioned case (green) resulted in a higher peak power and shorter charge time to
100% for some vehicles. Average battery temperature was also included to highlight the variance
in preconditioning across EVs. Figure 31 illustrates the same results for 400-volt EVs, which
demonstrated less variance in peak power than the 800-volt results seen in Figure 31.
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Figure 31: 10-100% Nominal: 400-volt EVs Soaked vs Preconditioned
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It was observed that some EVs could only achieve manufacturer-rated charge performance under
a small subset of these testing conditions, whereas others were able to achieve their ratings
throughout many of them.

4.3.3 EVSE Power & Current Limitations

For the eighteen profile capture conditions explored, the charging equipment was specified to be
a non-limiting factor to accurately characterize the full power charging capabilities of the EVs
under test. This required full power dual cabinet 350kW EVSE equipment, capable of 50-
1000VvDC at 500A max rating. However, given that EVSE equipment is not always operating at
its full capability, a useful boundary condition to explore was EVSE-limited charge sessions.
Nominal conditions required a dual cabinet topology operating at full power, whereas for EVSE-
limited conditions the DC fast charging infrastructure was limited to a single cabinet topology,
only being able to employ 50% of the installed power modules.
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Figure 32: 10-100% Nominal Preconditioned: 800-volt EVSE Limited vs Non-Limited Power

Figure 32 depicts three 800-volt vehicles that underwent EVSE limited testing, with comparison
to their nominal non-limited power profiles. Results showed the blue curves (limited) were
operating at a much lower power level, but it should be noted that low power plateaus had longer
durations than the peak of the green (non-limited) profiles. The hypothesized outcome from this
boundary test was that when charge power is limited, the session would require more time to reach
the 80% SOC milestone but could complete a 100% SOC charge in less time due to reduced
thermal strain on the EV battery. The results showed much variation between the three 800-volt
vehicles. During the EVSE limited conditions compared to the EVSE full capability conditions,
EV1 reached both 80% SOC and 100% SOC quicker, EV8 reached both 80% SOC and 100% SOC
slower, and EV2 gave the hypothesized result of reaching 80% SOC slower but achieved 100%
SOC quicker.
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10-100% Nominal Preconditioned EV Profiles: 400-volt EVSE Limited vs Non-Limited Power
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Figure 33: 10-100% Nominal Preconditioned: 400-volt EVSE Limited vs Non-Limited Power

Figure 33 illustrates examples of two 400-volt vehicles that underwent EVSE limited boundary
condition testing. The selected 400-volt EVs were unaffected by the limitations of a single cabinet
EVSE topology; the EVSE equipment used for DC fast charging was still capable of producing
500A at 400-volt with a single cabinet, and so results remained essentially unchanged between the
NGP-defined “EVSE Limited” and non-limited test case, yielding very similar power curves.

4.3.4 Adapters, Voltage Limitations, Boost Converters

Exploration of adapters and boost converters was added to the project scope towards the end stages
of testing. Charging adapters help bridge the gap between charging standards by enabling EVs
with different charging ports to connect to and utilize a DC fast charging station. These adapters
are useful but can be a limiting factor in terms of charging performance. The goal of this testing
was to compare charging power using the same EV on two chargers: one with a matching handle
type, and the other requiring an adapter. Figure 34 shows 400-volt EV4 that underwent 10%, 25%,
and 50% starting SOC profiles captured under nominal preconditioned conditions. Results showed
that the peak power was limited across all 3 adapter profiles, however the overall charge time and
power curves acted very similarly. Achieving both 80% and 100% charge times for the 400-volt
vehicle had a 3-5-minute variance across adapter and non-adapter profiles.
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10%, 25%, 50-100% Nominal Preconditioned: 400-volt (EV4) Adapter vs Non-Adapter Power
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Figure 34: 10, 25, 50-100% Nominal Preconditioned: 400-volt Adapter vs Non-Adapter Power

Figure 35Figure 35 depicts the results of 800-volt EV11 under test on EVSE3 and EVSEL. This
test was similarly conducted to that of Figure 34 Figure 35; however, the adapter was not the only
limiting factor. It should be noted that EVSE3 had a voltage range of 50-500V, forcing EV11 to
utilize the on-board voltage boost converter to allow for 800-volt charging. Results showed a
reduced charge power and far longer charge time, reaching 80% and 90% SOC values in over
double the time.
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Figure 35: 10-100% Nominal Preconditioned: 800-volt Adapter vs Non-Adapter Power

Figure 35 shows the results of EV16 under test with EVSE1 and EVSE2. EVSE1 was limited to a
maximum DC voltage of 500V while EVSE2 was allowed to run as normal. EV16 does not utilize
a boost converter on-board to match a higher than nominal voltage. Instead, it changes battery pack
configuration to achieve different operating voltages. Results show that the peak power achieved
in the 400V charge session is approximately half of the peak power achieved in the 800V charge
session indicating that the peak power is current-limited in the 400V charge session. This results
in much higher charge power during approximately the first 20 minutes of the charge session in
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the nominal (not voltage-limited) case. The vast difference in the first portion of the nominal and
voltage-limited charge sessions eventually turns into a near-identical charge power by the 90-
minute mark. Despite not reaching the same higher charging speeds as the nominal session, the
voltage-limited session results in a similar 100% charge time- it can be seen that the 80% and
100% charge times are within 3 minutes of each other.
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Figure 35: 10-100% Nominal Soak: Nominal vs Voltage-Limited

The differing nature of these charge curves leads to a very different user experience in roughly the
first hour of the charge session. Table 6 shows how the EV reaches the same SOC faster in the
nominal session until 85% SOC. This means that a charge to 50% SOC during a long-distance trip
will cost 18 mins on a nominal charger. In contrast, the same charge session will cost an additional
13 mins on a voltage-limited charger for a total of 31 mins. This also reiterates the advantages of
having a traction battery with a >500V architecture in the context of charge times for quick charge
sessions.

Table 6: 10-100% Nominal Preconditioned: Performance Details

SOC [%] [\[o) I.EVSE Limitation EVSE Vo!tage-limited (500V)
Time [hh:mm] Time [hh:mm)]
13 0:00 0:00
25 0:07 0:09
40 0:13 0:22
50 0:18 0:31
80 0:54 1:03
85 1:23 1:23
920 1:36 1:34
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100 2:17 2:18

Figure 36 showed how the SOC increased over time during the two charge sessions. Both sessions
were nearly identical after the 85% SOC mark. It also illustrated the diminishing returns of keeping
the charger plugged in for long duration. For example, in case of the nominal session, ~150 miles
of range were recuperated within the first 30 mins of the session. This dropped to only 50 miles of
range being added in the next 30 mins, and 20 miles in the following 30 mins. For contrast, in the
voltage-limited session, 100 miles were added in the first 30 min, 90 miles added in the next 30
min and only 30 miles added in the final 30 min. It was seen that charging at the vehicle’s nominal
voltage carried a significant advantage in the first 30 minutes of the charge session. However, that
advantage was significantly diminished after 1 hour, and by 90 minutes, it had essentially
eliminated. For this EV, the data demonstrated that for short charge sessions (e.g., those done en-
route as part of a road trip), it's important for drivers to be able to charge at the nominal voltage,
however, for longer charge sessions of 90+ minutes (e.g., those done while the driver is shopping,
or eating a meal), the impact of a voltage-limited session was minimal.
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Figure 36: 10-100% Nominal Soak: EV20 Voltage-Limited vs Nominal Session
4.4 Future Battery Technologies

Research is underway to improve extreme fast charging (XFC) with lithium-ion batteries. The
XCEL project: eXtreme fast charge Cell Evaluation of Lithium-ion Batteries project is a
collaborative laboratory effort to build and test innovative battery technologies, which aims to gain
an understanding of the main limitations during ultra-fast charge using a combined approach
involving the building of cells with various designs.

As part of XCEL, cells are built in Argonne National Laboratory’s Cell Analysis, Modeling, and
Prototyping (CAMP) facility and are then tested at both Idaho National Laboratory (INL) and
Argonne under various operating conditions and under different charging protocols with the aim
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of identifying the onset of plating, quantifying the extent of the problem, and determining
parameters and test data for mathematical models (TAPS, 2022)E,

XCEL battery characterization tests were performed similar to the NGP-defined nominal starting
conditions, but from 0-100% rather than 10-100% and soaked rather than preconditioned. Figure
36 shows the 800-volt battery achieved peak power levels of ~330kW at currents above 430A. The
battery attained power levels above 290kW for most of the charge, and only dropped below 290kW
at ~92% SOC.

0-100% Nominal Soak: 800-volt XCEL Battery Profile MSR100 on EVSE2_1
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Figure 36: 0-100% Nominal Soak: 800-volt XCEL Battery Profile MSR100 on EVSE2_1

Figure 37 and Figure 38 compare the XCEL data against a top performing 800-volt LD EV that
charged under nominal conditions. The XCEL battery reached much higher peak power levels with
a much-reduced charge time. It should be noted that battery pack size of the XCEL was smaller
than EV2’s (nearly 50%), and that the energy gained within the first 5-10minutes of charge was
comparable.
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EV2 and XCEL Nominal Profiles: EV2 and XCEL Nominal Profiles:
DC Power & SOC SOC & kWh After 5-min & 10-min
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Figure 37: EV2 and XCEL Nominal Profiles: DC Power  Figure 38: EV2 and XCEL Nominal Profiles: SOC &
& S0C kWh After 5-min & 10-min

4.5 Using EV Profiles to Improve Grid Modelling Applications

In 2024, the scope of the NGP project has expanded to include the integration of the extensive EV
charge profile data collected into grid modeling platforms developed by other projects. This
extension aims to enhance the effectiveness and accuracy of these platforms by providing real-
world, time-series data that reflects the dynamic behavior of EVs under various charging
conditions, such as power demand, state of charge (SOC), and temperature variations. As the
adoption of electric vehicles grows, accurately modeling the impact of their charging patterns on
the grid becomes increasingly important for optimizing grid operations, predicting energy
demands, and informing infrastructure planning.

By incorporating our detailed charge profiles into these modeling efforts, we are helping to create
more robust and realistic simulations, ultimately supporting the development of a more efficient
and resilient energy grid. This section provides a summary of ANL’s IEEE-37 HIL grid model,
INL’s Caldera grid model, and NREL’s EVI-X grid model platforms, discussing how NGP EV
charge profiles were integrated and the value they added.

4.5.1 ANL’s IEEE-37 HIL Grid Model

A study was developed for a MATLAB-based Hardware-In-the-Loop (HIL) model developed by
ANL to analyze the real-world impact of XFC charging profiles on the grid frequency, the study
of which is published in the IEEE archive and can be accessed using (DOI:
10.1109/ITEC60657.2024.10599002). Using the EV charge profiles captured for a variety of
“next-generation” EVs at different start SoC and temperature conditions, a database of 93 profiles
were used to develop a MW-level charging site scenario.

32


https://doi.org/10.1109/ITEC60657.2024.10599002

EV Profile Capture 2024: A Next-Gen Profiles Project Report

This scenario envisioned a charging site with EVSE usage that was mixed; for a small business’
EV fleet charging that is opened for public use when fleet charging is undesired during business
hours. Figure 39 shows one possible site load profile obtained where the small business EVs charge
outside of business hours and during business hours the chargers are available for public use. For
charge profiles outside of business hours (i.e. curves “1”’) multiple NGP EV charge profiles are
stacked representing multiple EVs charging at once. Similarly, during business hours (i.e. curves
“2”) one or multiple NGP charge profiles are stacked representing public charging. Many different
iterations of this site load are possible with randomness of user behavior considered to emulate
unique charger utilization rates.

Example of a Possible Site Load Profile Using NGP EV Profiles
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Figure 39: Example of a MW-Site Load over 24-hours

After developing the MW-site profile, two real-world XFCs and BESS have been connected to a
real-time digitally simulated modified IEEE 37-bus distribution grid and run on an Opal-RT real-
time digital simulator. The modified IEEE 37-bus distribution grid is modeled, which runs in real-
time. The full HIL system is shown in Figure 40, and the IEEE-37 grid network in Figure 39.
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Figure 40: HIL System Overview Figure 41: Modified IEEE-37 Grid Network

Both the real XFCs interacted with the system on one node. Other grid nodes used residential,
commercial, and MW depot charging sites developed earlier with the real-world NGP charging
profiles. A live charging session for an 800VVDC battery architecture EV was run on one of the real
XFCs during the experiment. The impacts of such loads on the grid frequency as frequency
deviation and rate of change of frequency (RoCoF) were captured and analyzed.

The model developed using these real-world NGP EV charge profiles were further used to design
an optimal control strategy that could determine the amount of injected or absorbed active power
from the co-located BESS to mitigate the effect of running a large number of XFCs clusters on the
grid frequency and rate of change of frequency.

4.5.2 INL’s Caldera Grid Model

Caldera is a set of software tools developed by INL to model charge events, both at a local EV-
EVSE level and at a region-level where thousands of charge events are modeled for broad grid
analysis efforts. Currently the Caldera software produces idealistic power profile curves specific
to a particular EV type (with a particular battery chemistry, capacity, and max C-rate) and EVSE
type, where it is assumed that the charge event occurs with ideal battery temperatures and
conditions, resulting in a smooth ramp-up and ramp-down of power. However, the newly collected
NGP data makes it clear that these idealistic assumptions are far removed from what is typically
seen in practice, where control algorithms take multiple factors into account including battery
temperature, causing the power level to jump up and down throughout the charge event. See Figure
42, Figure 43, Figure 44, and Figure 45.
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EV8 Power Profiles (Time vs. Power) EV8 Temperature Profiles
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Figure 42: NGP Collected Power Profiles for EV8 Figure 43: NGP Collected Temperature for EV8

Caldera Profile vs. EV8 Profiles (SOC vs Power) Caldera Profile vs. EV8 Profiles (Time vs. Power)
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Figure 44: Comparing Caldera Power vs SOC Profile Figure 45: Comparing Caldera Power vs Time Profile
to NGP EV8 Power vs SOC Profiles to NGP EV8 Power vs Time Profiles

To address this challenge, preliminary work was completed to develop an algorithm that would
approximate the battery temperature throughout a charge event and adjust the power level to
maintain nominal temperatures. In this preliminary study, we focused on EV8. The NGP data was
used to train an ordinary least squares (OLS) regression model that allowed the temperature
gradient of the battery to be predicted during a charge event based on the power level, temperature,
elapsed time, and battery SOC. The EV8 NGP data was analyzed to produce a set of five
coefficients, forming a linear function which can be used predict the temperature gradient
throughout the charge event given the four input parameters:

dT
EzC0+C1P+C2T‘|‘C3t+C4S
where P is the power in kilowatts, T is the temperature in Celsius, t is the elapsed time in seconds,

and S is the state of charge (SOC) of the battery. See Figure 46 Figure 46.
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Temperature Gradient Model: Power vs. Temperature Gradient
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Figure 46: Slice of Temperature Gradient Linear Model Output Data for Power vs Temperature Gradient
during Simulations Compared to NGP EV8 Data and Respective Coefficient Values, Constructed using scikit-
learn

A simulation of the charge event begins with an input starting temperature and by following an
idealistic power profile curve, predicting the temperature gradient and updating the temperature
each timestep of the charge event. A simple control algorithm is used to adjust the power level
by jumping to various pre-computed idealistic profile curves at different C-rates (produced
beforehand using the original Caldera tool). An example is shown in Figure 47. Multiple
variations of this control algorithm were written and compared to the original NGP data, as
shown in Figure 48.

More work needs to be done to verify this method on other vehicle types. Success is dependent
on two important pieces: (1) building a sufficiently accurate temperature gradient model from the
available NGP data, and (2) finding a control algorithm that approximates the behavior of the
vehicle. The temperature gradient model is dependent on the quality of the NGP testing and data-
collection. This preliminary study focused on the EV8 because the data collected for it was most
complete. The control algorithm is more challenging because most vehicle charging control
algorithms are proprietary, and it is difficult to produce a simulated control algorithm that
perfectly matches the behavior of the given vehicle. To accurately model a vehicle, a process of
trial and error may be needed to find a control algorithm that best matches the behavior observed
in the vehicle data.

Temperature-aware Profile vs. Caldera Profiles (SOC vs. Power) Temperature-aware Profile vs. Caldera Profiles (Time vs. Power)
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10 20 10
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Figure 47: Temperature-Aware Power vs SOC and Power vs Time Profile Simulated by Jumping Between
Computed Caldera Profiles to Maintain Nominal Battery Temperature using Control Algorithms

Temperature-aware Profiles vs. EV8 Profiles (Time vs. Power) Simulated Temperature vs. EV8 Actual Battery Temperature
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Figure 48: Four Versions of a Simple Power-Level Control Algorithm, Each Adjusting the Power Level During
the Charge Event to Maintain Nominal Temperature.

4.5.3 NREL'’s EVI-X Grid Model

EVI-Rental Model

NREL is developing Electric Vehicle Infrastructure — Rental Car (EVI-Rental), a tool which
models the electrification of an airport rental car fleet. Off-nominal temperature NGP EV charging
profiles were used to help improve the tool by modeling the seasonal effects of different
temperatures on charging sessions. Additionally, test procedures developed under Next-Gen
Profiles were also used to perform some characterization of a lower-power DC charger
representative of the type used by an airport rental fleet.

EVI-Ensite Model

Electric Vehicle Infrastructure — Energy Estimation and Site Optimization (EVI-EnSite) is a tool
developed by NREL to perform studies of different EV charging station configurations, designs,
and usage scenarios. Users can configure a station with a different number of ports, power levels,
control strategies, and model the performance under different conditions, such as with a different
mix of vehicles and arrival schedules. Vehicle agents within this model currently integrate charge
acceptance curves to realistically model the changing power demand during a charge session,
however, the curves do not currently incorporate the impact of varying temperature conditions on
the vehicle’s power demand profile. EV profile data from NGP is being integrated into this model
to add additional functionality which will enable users to more accurately model charging power
demand in varying hot, cold, and nominal temperatures.
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IEEE 2030.13 Modeling Efforts

IEEE 2030.13 is a standard which provides guidance for designing EV fast charging station
management and control systems for stations which can integrate with local energy storage and
generation (e.g., battery energy storage and PV generation)“.As part of an effort to improve this
standard, an NREL team used EV and EVSE profiles collected in different conditions as part of
Next-Gen Profiles to create realistic test cases (e.g., different vehicles at different SOCs arriving
at different times to a multi-port EV charging station in various weather conditions). These test
conditions were then used to more realistically test the impact of various control schemes in
different conditions and are currently being used to inform the development and validation of
different control strategies.
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6 Appendix: EV Profile Detailed Datasheets

Identifier EVl
Model Year 2022
Vehicle Type Light Duty
EV 1 22 LD > 500V Nominal Charging Voltage > 500VDC
— — — Rated Usable Energy 50-100 kWh
Rated Max Charge Power 200-250 kW
Page (1/2) Rated Charge Time [10-80%) ~20 min
Rated Range 200-250 miles
EVSE Charged On EVSE1_H1
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Testing Conditions Wi
[min] | [A] | [WW] | [kWh] | [min] | [A] | [kW] | [KWh]| [A] | [kW] | Tempeesk
Mominal PreCond | 0:21 | 217 | 164 | 59 | 0:40 |142| 109 | 73 |~300| ~250| 47°C
Mominal Soak | 0:2h | 186 | 140 59 | 0:48 |119| 91 73 |~250(~200| 44°C
Hat PreCond 23198 | 149 | b7 | 0:49 [115| 87 71 |~300~250| 48°C
Hot Soak X X X X X X X X X X X
Cold PreCond |38 113 | 83 | 52 | 057 (93| 70O 67 |~100 ~100| 33°C
Cold Soak 39 | 107 | 79 | B2 [ 0H9 (90| 68 67 |~100( ~100| 31°C

40



EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV1_22 LD_>500V

Page (2/2)

Temperature & Condltlonlng Variance

10-100% EV1 Profiles: DC Power{W] & Battery Temp [°C]

10-100% EV1 Profiles: Time to 0%, 100%, 100mi, 200mi

350000 60/
Tirre Lo BO%
— T 1o 100%
Tirre to 100mi
I i ol - Time to 200mi
'r...
230000 0 _ a0
- I
g —— Cald_PreCond vt %
% 200000 - G Sak E ;"' |
~—— Mot PreCond
§ — Nominal PraCond | =20 §
@ 150000 - Hominal_Soak 0.
@
-403
I . . .
e 10
‘ -
50000
r_ = -80 il o é;’ & &
i | < « & &
o N 0057 f& & o
Nominal Pree EV1 Profiles: DC Power{W) & Battery SOC [%] - Nominal PreConditioned EV1 Profiles: Time to 80%, 100%, 100mi, 200mi
Tirrve to 80%
- Tire to 100%
Tima tn 150mi
00000 0! - i o 200mi
230000 -
- L 5
-
: HEH
H $: Fal
£ 150000 &
3
g i
3
100080 !
o -
o .
, & &
00700 0007 0014 b0l 00:36 00:43 & o
Time
Ramp Rate & SCM EVSE Limited Adapters/Converters
EVI ll,o -100% Nominal Preconditioned: 10-100% Nominal Preconditioned EV1 Profiles:
0000 Start DC Power Ramp Rate[W] 350000 DC Power[W] & Battery SOC lzﬁl- 100
- _-"'--‘
!' J’.
o
300000 | 300000 ;",/ 15
S
‘/’ 4 -50
2500001 250000 .0 -
g £
g g E- I
g 200000 | g 200000 | 5
T S — EVSELimited | 3
‘% = = No Limits i)
£ 150000 E 150000 &
v 2
2 Z -25 £
100000 100000 @
-50
500001 50000 _75
0 100

00:34 00:43 00:51 01:00 01:09 01:17 01:26 01:35
Time

00:00 00:07 0014 00:21
Time

00:28  00:36

41



EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier Ev2
Model Year 2021
Vehicle Type Light Duty
EV2 2 :l L D > 50 OV Nominal Charging Voltage > 500VDC
— — — Rated Usable Energy 50-100 kWh
Rated Max Charge Power 250-300 kW
Page (1/2) Rated Charge Time (10-80%) ~20 min
Rated Range 250-300 miles
EVSE Charged On EVSE1_H1
SOC, kWh, Range
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MNominal PreCond | 0:19 | 240 | 186 | 61 | 1:15 | 82 | 65 81 |~3b0| ~260| 58°C
Mominal Soak |0:29 | 167 | 1258 | 61 | 1:05 |94 | 73 79 |~250| ~200| 45°C
Hot PreCond 026 (182|141 | 61 | 1:18 | 78| 60 79 |~3B0| ~250| 58°C
Hot Soak 021 (222 | 170 B8 | 1:20 | 74 | 57 77 |~300| ~250| 58°C
Cold PreCond 055 (| 89 | 67 61 | 1117 | 79| 61 79 |~200| ~150| 38°C
Cold Soak b5 | 93 | 7O | 64 | 1117 | 83 | 64 82 |~100| ~100| 37°C
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Vehicle Description

Identifier EV3
Model Year 2019
Vehicle Type Light Duty
EV3 19 LD < 500V Nominal Charging Voltage < 500VDC
— — — Rated Usable Energy 50-100 kWh
Rated Max Charge Power 100-150 kW
Page (1/2) Rated Charge Time (10-80%) ~30 min
Rated Range 250-300 miles
EVSE Charged On EVSE1_H1
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10-100% Nominal Precanditioned EV Profiles: DC Pawer [WI{DC)] " Bat
10-100% Mominal Preconditioned EV3:
EW1_22 LD =500V ) T )
350000 £vz_21LD_>S0av DC Power Time Distribution [%)]
— PWI_18 LD <508y
EWd_23_LD_<500W <S0kw
300000 - EVS_F1_LD_=S0ay
EW_22_LD_< 500V
EWT_21_LD_<50av
250000 EVE_22_LD_=500v
= EWS_22_LD_<50av
& FV10_22_LD_<500W 50-100kW
= 200000 EV11_23_L0_>500V
B EW12_19_HO_=500%
E EW13_21_HO_=500%
i 150608 Evida_23 LD <500v
] EW15_23_LD_=500
EV108_23_L0_>500
100000 {
50000
100-150kW
al
o000 0320 0040 OLOD 0120 OLAD OZDD 0220
Tieniar [ Fifi: i
S0C: 10-80% S0C: 10-100%

Testing Conditions
[h:m] | [A] | [kW]|[kWh]| [h:m] | [A] | [kW] | [kWh]| [A] | [KW] | Temppesk

Nominal PreCond | :28 | 311 | 130 | 62 | 0:44 |261| 111 | 82 |(~3B0| ~150( 42°C
Mominal Soak | 025|334 (140 | 59 | 0:39 |279| 119 | 78 |~3bB0| ~150( 39°C
Hot PreCond 0:31 | 281|117 | 60 46 |(246| 104 | 80 |[~3B0| ~150| 45°C
Hot Soak 028 315|132 682 | 0:44 (262| 112 | 82 (~350| ~150| 43°C
Cold PreCond 038 | 229 | 96 | 61 | 0:56 |202| 86 81 |[~2560| ~100| 32°C
Cold Soak 039 (193 | 81 | b3 | 0:b5 [183| 78 72 [~250| ~100| 21°C
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EV Profile Capture 2024: A Next-Gen Profiles

Project Report

EV3_19 LD <500V

Page (2/2)

Temperature & Condltlonlng Variance

10-100% EV3 Profiles: DC Power[W] & Battery Temp ["C]
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier Ev4
Maodel Year 2023
Vehicle Type Light Duty
EV4 23 L D < 500V Nominal Charging Voltage < 500VDC
— — — Rated Usable Energy 100-150 kWh
Rated Max Charge Power 150-200 kW
Page (1/2) Rated Charge Time (10-80%) ~40 min
Rated Range 300-350 miles
EVSE Charged On EVSE1_H1
SOC, kWh, Range
10-100% Nominal Preconditioned EV Profiles: SOC, Energy, Range Gained @ 10min, 26min 10-100% Mominal Precanditioned EY Profiles: Time to 80%, 100%, 100mi, 200mi
%ol 1 2|00
E &0 E | 200 100
%50 0 § g 5
_:f E 1:u§ E -
Faal & & E
wf| ©
E 30 I :uu%

a

3

e o L;»_a'», i n._;; ] '\-_;u._f. .‘In..\'s-'\
- S PO R L

A e
FFFTFTET TGS ST

DC Power

10-100% Nominal Preconditioned EV Profiles: DC Power [W(DC]]
EWL_33_LD_»S00V

10-100% Nominal Preconditioned EV4:

s EV2_21_LD_>500V DC Power Time Distribution [%]
150-200kW  200-250KW

EW3I_19 LD_<S500v

— W4 23 LD =500V

I00G00 ¢ EWS_21_LD_<S00v
EVE_32_LD_=S00v

EWT_21_LD_<500V

250000 + EvE_ 22 LD_=500v
EWD_22_LD_<500v

g EVI0_27_LD_<300V
= 200800 EVL1 23 LD =500V 100-150kW
] EV12_19_HO_=500v
£ EVEY_21_HD_>500y
# | EVI4_23 LD_<500V
EVLS_23_LD_>300V
EVL6_23 LD_>500V <SOKW
100000
50000
o

] I | | 50-100kW
00 =Tk L=t a1:00 01:-20 o140 G300 ax:20
Time [ hhormm)

S0C: 10-80% S0C: 10-100%
Testing Conditions

[h:m]| [A] | [«W1 | (kWh] | [hom] | TA] | (kW] | [kWhT| [A] | [KW] | Temppes:
Nominal PreCond | 0-49 | 315 | 116 | 94 | 2-12 |164| 58 | 127 |~450| ~150| 37°C
Nominal Soak | 046 | 326 | 121 | 94 | 211 |151| 57 | 124 |~450| ~150| 37°C
Hot PreCond | 054 | 285 | 105 | 95 | 2:16 |148| 55 | 125 |~450| ~150| 238°C

Hot Soak 102 249 | 91 | 94 | 228 (139 52 | 127 |~450| ~150| 36°C
Cold PreCond | 042 | 363 | 136 | 95 | 150 |177| 67 | 123 |~500| ~200| 326°C

Cold Soak | 049 | 315 | 118 | 96 | 2:14 |147| 56 | 125 |~350| ~150| 34°C
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV4_23 LD <500V

Page (2/2)

Temperature & Condltlonlng Varian

10-100% EV4 Profiles: DC Power|W) & Battery Temp [*C]

ce

10-100% EVd4 Profiles: Time to B0%, 100%, 100mi, 200mi
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Tims
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= 300000 P i
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Time E —— EVSE Limited 5 2000 T
10-100% Mominal P EVi: OCPP O H = Mo Limits 2 E
700.00 —tva w 150000 § @
600,00 @ ~15 E g
g 100000
5 o 100000 |
. -50
0.0
50000
20000 Saco0q -5 _\
100.00 1
o 0 ~100 ° i
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier EVS
Model Year 2021
Vehicle Type Light Duty
EV5 2 1 LD < 500V Nominal Charging Voltage < 500VDC
— — — Rated Usable Energy 50-100 kWh
Rated Max Charge Power 200-250 kW
Page (1/2) Rated Charge Time [10-80%) ~30 min
Rated Range 250-300 miles
EVSE Charged On EVSE3_H3
SOC, kWh, Range
10-100%, Nominal Preconditioned EV Profiles: SOC, Energy, Range Gﬂ"::: ﬁ_ﬂ"’"'"- 20min, 10-100% N:;r:-::—lrmcunﬁhmed EV Profiles: Time to B0%, 100%, 100mi, 200mi
E [ 1, Loamg L=
‘f | | £l

2 8
]
8 g
E
—

=
1

Qe —— o e e e = —— — — i a &

i L R o e g g

DC Power

10-100% MNominal Preconditioned EV Profiles: DC Power [W{DC)]
EW1l_22 LD = 500%

10-100% Nominal Preconditioned EV5:

350000 | EVZ_21_LD_>500% DC Power Time Distribution [%]
EV_19LD_<300¥
EV4_23 LD _«<500% 200-250RMPOKW

3000001 — EV5_21_LD_ <300V 150-200KW

EVi_22_LD_=500%
EWT_Z1_LD_=5S00%
%0000 | EVE_27 LD >500V
EV_22_LDO_<500%

-1 EV10_22_LD_<500v 100-150kW
£ zo0000 | EV11_23 LD =500V
¥ EV12_10_HD_> 500V
1 EV1I_21_l_= S0y
w 150000 | EV14_23_LD_<S00V < 50kW
= EVLS_23L0_>300V
EV16_23_LD_>500V
100000 |
50000 |

50-1006W

0O G20 004D AL DLIZ0 ol4o onsd ode
Tiena [hix:men]

S0C: 10-100%

Mominal PreCond | O:27 [ 293 | 113 | 58 | 058 |175| 68 74 |~650| ~250| 62°C
Nominal Soak X X X X X X X X X X X
Hot PreCond 0:26 | 310 (119 | 57 | 0:B5 (183 71 73 |~B650| ~250| 61°C

Hot Soak X X X X X X X X X X X
Cold PreCond X X X X X X X X X X X
Cold Soak X X X X X X X X X X X
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV5_21_LD <500V

Page (2/2)

Temperature & Conditioning Variance

10-100% EVS Pmﬂles DC PUWTTW] & smry Termp [*C)

350000

0 B0
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H — 25.900% (g O
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H 5§
100000 :
=50
SO000 =75
00-00 oxle [ 5. ] 0043 00:57 n1:ul UI'.N_]M
Tirme:
Ramp Rate & SCM EVSE Limited Adapters/Converters
EV5 10-100% Nominal Preconditioned: 10-100% Nominal Preconditioned EVS Profiles:
150000 Session Start DC Power Ramp Rate[W] 150000 pc quer[w]f l;u:tnery SOC [%] -
,:'."-'“
300000 300000 .‘f‘ kL]
J‘ "
Fi
250000 250000 V. -
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£ 200000 ; 00000 g
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150000 w 150000 in
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Tirme

0D:00 00:14 00:28
Time:

043 00:57 01:12 01:26 01:40
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier EV6
Model Year 2021
Vehicle Type Light Duty
EVG 2 :l LD < 500V Nominal Charging Voltage < 500VDC
— — — Rated Usable Energy 100-150 kWh
Rated Max Charge Power 200-250 kW
Page (1/2) Rated Charge Time (10-30%) ~40 min
Rated Range 250-300 miles
EVSE Charged On EVSE1_H1
SOC, kWh, Range
1.|:|-1|:|c|ﬂ§qrunmlnnt Precenditioned EV Profiles; S0C, Energy, Range Gained @ 10min. 20"3“?:! 10-104r% Mominal Preconditioned EV Profiies;: Time to £0%, 100%, 100mi, 200mi
2o o e
o AL Do
ANG_20min
250
1 1201
£ ] -
gw ;; 7nn§ 100 {
T g les & § T ol
E E t1s0 & ;‘
E] H =
a0 & 2 =
E = 3 o
E n [* g |I|DE
20
| Lug -
1o
__________________ | o - = _ o . _ B
‘ & e,-O' & o ¢.;¢“ & 4_,-»’ & t""b le"-‘ o é\" le‘" : ! A ,‘-_1\7' & @“ e\"o’ F L ,3:09 & eﬁ" QA'CL & Q\-""
10-100%: Mominal Preconditioned EV Profiles: DT Power [WIDC)) 10-100% Mominal Preconditioned EVE:
BVI_22_LD0_= %00y DC Power Time Distribution [%)]
T4 0000 =
LIRS0 ooy 2500W
EVA_3_LD_< 500
F0000 EVI_a_LD_ =500
— V22 LD <500
EV? 21 LD <500V 150-200kW
250000 EVE_IZ_LD_~ 5004
G EVS_r2 |1 _=s0ii
B EVIO_ 22 LiE iy
£ panooo EV11 23 LD =300V
T EVlE L9 HO_~Sidi
g T T— 100-15 0w
w THINHD EVIA_2 LISl
= V1S 27 LD w500v
EV16 23 LD w500V
Pl ] <50W
e 50-100KW
a
0008 0020 0040 m]’no 0120 0140 0200 ©02:20
i [Frh-rmem
S0C: 10-80% S0C: 10-100%

Testing Conditions
[h:m] | [A] | (kW] | [kWh] | [hom] | [A] | [kW] | [kWh]| [A] | [KW] | Tempepesk

Nominal PreCond | X X X X 1:33 |173| 75 | 147 |~500| ~200 X
Nominal Soak X X X X 1:25 |195| 85 | 115 |~550| ~200 X
Hot PreCond X X X X 1:09 |222| 96 | 111 |~500| ~200 X

Hot Seak X X X X 1:34 181 79 | 123 |~500| ~200 X
Cold PreCond X X X X 1:35 |96 | 75 | 120 |~500| ~200 X
Cold Soak X X X X X X X X X X X
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV6_21 LD <500V

Page (2/2)

Temperature & Conditioning Variance

10-100% EVE Profiles: DC Power{ W) & Battery Temp [C]
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier EVTY
Model Year 2021
Vehicle Type Light Duty
EV7 2 1 LD < 500V Nominal Charging Voltage < 500VDC
— — — Rated Usable Energy 50-100 kWh
Rated Max Charge Power 100-150 kW
Page (1/2) Rated Charge Time (10-80%) ~40 min
Rated Range 150-200 miles
EVSE Charged On EVSE2_H1

SOC, kWh, Range

10-100% Nominal Preconditioned EV Profiles: SOC, Energy, Range Gained g 10min, 20m|n 10-100% Nominal Preconditioned EV Profiles: Time to 80%, 100%, 100mi, 200mi

SOC_ 1D
44 | W 20C_J0min
Ba ¥ ! Ao
=5 S _ioman
o 170
£ 80 =
] 3 E
Es0 00— 100
z E E
=}
= = 2 T
g‘-"’ [ i & § =
# 1505 ¥
[l 2 H £
i IR
Faw ]
R £l
$ a
3 = &0
20
0 =0
0 =0
¢ b 6 e ho b & b B S “ R I I . gt
Gxéequgﬂé\@exé“@g’éx@dexé\ & g AT A AT S e @

DC Power

10-100% Nominal Preconditioned EV Profiles: DC Power [Wi{DC)]

EW1_22_LD_=S00W
EWZ_21_LD_>S00W
EW3_19_LD_=S00v
EW4_23_LD_=S00%
EWS_21_LD_<S0av
EW6_33_LD_=S00v
EWT_21_LO_=S00W
PVA_32 LD 5060
EWE_77_LD_<S00v
EV10_22_L0_<500V
EW11_23_L0_= 500V
EW1Z_19_HD_=S000
EV13_21_HD_=500v
EW14_23_L0_=500V
EW15_23_ L0 =500V
EW16_23_L0_=500%

10-100% Nominal Preconditioned EV7:

DC Power Time Distribution [%)]
100-150kW

IS0000

300000

o S0-100kW

PO0000

150000

EWSE Power [WiDCH]

100000

<50kW

" —

R TI T axioe 02

0100 OL:20
Tirre [Nlcimm

01:40

S0C: 10-80% S0C: 10-100%

MNominal PreCond | 0:36 | 218 | 81 | 49 | 2:23 | 71 | 27 64 (~300| ~100( 37°C
Nominal Soak X X X X X X X X X X X
Hot PreCond 36 (215 80 | 48 | 1:23 | 71| 27 64 (~300| ~100( 40°C

Hot Soak X X X X X X X X X X X
Cold PreCond | 1:12 | 119 | 44 | 53 | 259 | 61| 23 69 (~300| ~100( 37°C
Cold Soak X X X X X X X X X X X
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV7_21_LD_<500V

Page (2/2)
Temperature & Conditioning Variance
150000 10-100% EVT Profiles: DC Power|[W] & Battery Temp [*C] 10-100% EV? Profiles: Time to 80%, 100%, 100md, 200mi
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier EVE
Model Year 2022
Vehicle Type Light Duty
EV8 22 LD > 500V Nominal Charging Voltage > 500VDC
— — — Rated Usable Energy 50-100 kWh
Rated Max Charge Power 200-250 kW
Page (1/2) Rated Charge Time (10-80%) ~20 min
Rated Range 250-300 miles
EVSE Charged On EVSEZ2_H1
SOC, kWh, Range
10-100% Nominal Preconditioned EV Profiles: SOC, Energy, Range Galned g 10min, 20min 10-100% Nominal Preconditioned EV Profiles: Time to 80%, 100%, 10d0mi, 20dmi
lasa e
T e
3 -
‘-;Jw g m% 100
EW' w0 i 6: T
= % im0k E =
tao LA i _ '
i fl ] e .
¥ e E -m-ul‘.\_
5 k] 9 I
= 130 | [ |
10 - |
- &t P -.1’7" G'b w“;h & é‘h iz,;’ "q::’ 4;1-‘"\' ‘ ’ ’ ~z‘-“ é—" & -z,;" ‘:'.‘.‘b - "-S;e' -z,‘" e‘;“ -:‘.*' Lty -:‘;\ ‘;5-"\
DC Power
10-100%% Maominal Preconditioned EV Profiles: DC Power [WIDCH] 10-100% Mominal Preconditioned EVE:
350006 | Bz 21 L0 mapo DC Power Time Distribution [%]
EVI_19 LD <500V =250KW

EW4_23_LD_= 500V
EWS_21_LD_ =500V

EW6_22_LD_= 500V

EWT_21_LD_<500%

FWE_ 22 LD = S0V

EWS_22_LD_=500W

EW10_22_L0_=500%

EW11_23_LD_=500%

EW12_18_HD_=S00V

EW13_21_HD_=S00v

EW14_23_LD_=500% 150-200kW

200-250kW

#
8
g

g
L
I

g
g

=50kW

EVSE Power [W(DCH]
o
& i
2
2

EW1S_23_L0_=500%
EW16_23_L0_=500%

100000
50000
100-150kW
L 50-100kW
D0 0320 0040 OG0 BL30 OL40 OZDD  OnR0

Tiene [ Hh:mi

)

50C: 10-80% S0C: 10-100%

Testing Conditions RIE

[h:m] | [A] | [kW] [[WWh] | [hom] | [A] | [KW] | [kWh] | [A] | [KW] | Tempgesk
Nominal PreCond | 0:18 | 249 | 190 | 57 | 047 (122| 93 73 |~300| ~250| 47°C
Nominal Soak |[0:20 234|179 | 60 | 0:49 (121 93 76 |~300( ~250| 47°C
Hot PreCond 0:20 | 240 | 181 | 60 | O:50 |123| 94 78 |~300| ~250| 49°C
Hot Soak 0:21 | 235|178 | 62 | 0:b1 |124| 95 80 |~300| ~250| 49°C
Cold PreCond 0:39 | 123 | 92 60 | 1:09 | 86 | 65 75 |~150[ ~150| 35°C
Cold Soak 043112 | 84 | 60 | 1114 | 81 | 61 76 |~200( ~150| 34°C

[

54



EV Profile Capture 2024: A Next-Gen Profiles Project Report

EVS_22 LD_>500V

Pa

ge (2/2)

Temperature & Conditioning Variance

10-100% EV8 Profiles: DC Power[W] & Battery Temp [*C]
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier EVO
Model Year 2022
Vehicle Type Light Duty
EVQ : 2: 2 L D < 500V Nominal Charging Voltage < 500VDC
— — — Rated Usable Energy 100-150 kWh
Rated Max Charge Power 150-200 kW
Page (1/2) Rated Charge Time (10-80%) ~30 min
Rated Range 300-350 miles
EVSE Charged On EVSE1_H1i
SOC, kWh, Range
10 IUU‘!&‘@DmInaI Preconditioned EV Profiles: SOC, Energy, Range Gained @ 10min, EIJn',‘Hs 10-100% Nominal Preconditioned EV Profiles: Time to B804, 100%, 100mi, 200md
|
B L T
f 250 WO, Jorrn
o 120
z ] —
§M| E :nn% 100
%‘*“ rea E E T
] %oy E %
] & F ¥
a0 a = E
& 5 E [
E ] |* kS -on
3 = a0
i
(@ |so
- 0
ol - R ] lg o 4 4 & 8 8 1 8 8 8 050 3 0 0 § |
e = - L gt S o= S g A L A
10-100% Meminal Preconditioned EV Profiles: DC Power [W{DC)] 10-100% Nominal Preconditioned EV9:
350000 | ::;:i:_g :iﬁ: DC Power Time Distribution [%]
e s o 150.200W_ 200.250KW
300000 { EVS_71_LD_<500%
EWE_22 LD =500y
EVT 21 LD_<500% 100-150kwW
250000 { EV_22 LD =500v
= — EWD_77_LD_<500%
8 EV10_22_LD_ <500V
£ 200000 { EV11_23 LD =500%
] EV1Z_19_HD_=5000
£ 150000 ;'IL::I:;::_:.I;__:;I:: 50-100kW
£ EV15_23_L0_>500%

EW1E_23_L0_=500%
100000 {

=50kW

00D 0020 0040 0100 014D 0200 0220

o120
Tiewe [br:rmaams]

S50C: 10-80% S0C: 10-100%

Testing Conditions R Battery
[hon] | [A] | [WW] | [kWH] | [hom] | [A] | [KWT | [KWR]| [A] | [KW] | Tempgesk
Nominal PreCond | 0-:36 | 328 | 114 | 69 | 2:04 |125| 44 91 |~450| ~150| 42°C
Mominal Soak |0:38 [ 312|110 | 69 | 2:10 (119 42 91 |~450| ~150| 42°C
Hot PreCond (38 | 316 | 109 | 69 | 2:06 |126| 44 93 |~450| ~150| 44°C
Hot Soak 0:37 | 327 (113 | 70 | 0:b4 [266| 89 82 |~450| ~150| 41°C
Cold PreCond | 0:44 | 302 | 108 | 79 | 1:35 |157| 56 90 |~500| ~200| 39°C
Cold Soak 0:4b | 276 99 | 74 | 1:.02 (223 80 84 |~500| ~200| 39°C
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV9 22 LD_<500V

Page (2/2)

Temperature & Condltlonmg Variance

350000 -
300000¢ e
- Ny,
-~ Ty
250000 - ;
£ 200000
5 -
= 150000 1 T -"
@
o ;
o 3

10-100% EV3 Profiles: DT Power{W] & Battery Temp ["C]

— PreCend_Cold

—— PreCend_Hot

Soak_Cold

Saak_Hat

= Preond_Nominal | ~20

Soak_Nominal

5

= =
Battery Temparaturs [*C]
Tirna{min]
g -]

10-100% EVS Profiles: Time to 80%, 100%. 100mi, 200mi

& o [
500001 - 1 ol NN | | | |
- . & ‘:& & &
]\'-CJ_G?_ ~ & o # ,Afbj & J\:’f
0000 e 0o:57 Time 0126 opss
Start SOC Variance
Ramp Rate & SCM EVSE Limited Adapters/Converters
EV9 10-100% Nominal Preconditioned: 10-100% Nominal Precanditioned EVS Profiles:
Session Start DC Power Ramp Rate[W] 150000 DC Power| W] & Bat.t:-r!-'soc [%] 100
— 300000
§ 200000 ™
E 200000
& 50
g 100000 250000 -
o 01:26 02:09 0z2:52 03:36 04:19 § 200000 ot g
me ; w— EWGE Limited 5
— Mo Limits
10-100% Nominal Preconditioned EV9: OCPP Curtailrmaent § 150000 é
000 —_ran | E =25 E
G000 ;.;
z S0 1ooson =50
E 8000
300,00 50000 =75
0000
100 -
a00 coeo ooz 0057 o126 oass
0000 [LBE 300 0430 0600 ara Time
Tiwa fmen:an]
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier EV10
Model Year 2022
Vehicle Type Light Duty
EV:' 0 22 LD < 500V Nominal Charging Voltage < 500VDC
— — — Rated Usable Energy 50-100 kWh
Rated Max Charge Power 100-150 kW
Page (1/2) Rated Charge Time (10-80%) ~40 min
Rated Range 100-150 miles
EVSE Charged On EVSEZ2_H1
SOC, kWh, Range
1D-l|:|c|’°§nr\:lnmlnal Preconditioned EV Profiles: S0C, Energy, Range Gained @ 10min, !L‘qu“s 10:100% Nominal Preconditicned EV Profiles: Time to B0, 100%, 100md, 200md
—xac_iomn 140 | o 50¢ 20mn
Bo | arh_10emin 10 BN LD
g e i
F3 L] -
%w- E -:uu% ]
=) é E
B £ ] -
g5 = & .
a R 150 & =
Fan E & E
8 = B W
d e B| F
E 10| E -lﬂD!.‘
] - @ |
0
[ 50
10{ 01
gl = e e e e e e e e e e e o Lo ! R e, R == 4
A = R P e A i A
10-100% Naminal Preconditioned EV Prafiles: DC Power [W{DC]) P G = ]
EV1_32_0_>500v 10-100% Nominal Preconditioned EV10:
350000 | EVZ_21_LD_=5007 DC Power Time Distribution [%]
R r 100 1508w
0000 | EVS_21_LD_<500%
EV_22_LE <500V
EVT_21_LO_ =500V
250000 { EVB_22 LD 5000
= EVS_27_LD_<500V
8 — EV10_22_LD_<500V
= 200000 | EV11_20 L0 =500y
& EV12_19_HD_=S00v 50 100kW
H EV13_21_HD_=5008
150000 EVI4_23_LD_<40ay
> EW1S_23_L0_=5S00W
- EV16_23 LD =500
100000 { — <S0kW
50000 |

000 0O@0 004D 0100 0120 04D 0200 0220
Tirma [h:mm]

S0C: 10-80% S0C: 10-100%

Nominal PreCond | 0:40 | 208 | 77 52 | 1:31 |120| 45 68 |~300| ~100| 39°C
MNominal Soak X X X X X X X X X X X
Hot PreCond X X X X X X X X X X X

Hot Soak 37 | 211 | 78 | 48 | 1:27 |116( 44 63 |~300| ~100| 37°C
Cold PreCond X X X X X X X X X X X
Cold Soak X X X X X X X X X X X
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV10 22 LD <500V

Page (2/2)

Temperature & Conditioning Variance

350000 10-100% EV10 Profiles: DC Power[W] & Battery Temp [*C)
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,,,,, =

350000
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|u
b
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EVSE Power (WD

a
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i
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X
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Time
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B

Nominal Preconditioned EV10 Profiles: Time to 80%, 100%, 100mi,

200

Tirme b B0%
- Time i 108%
Tima b 100mi

&

R

"

2

Ramp Rate & SCM

EV10 10-100% Nominal Preconditioned:

0000 Session Start DC Power Ramp Rate[W]

300000

250000 1

200000 1

150000 1

EVSE Power [W(DC))

100000 |

00:34 00:43 00:51 01:00 01:09 01:17 01:26 01:35
Time

EVSE Limited

Adapters/Converters
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

EV1i1 23_LD_>500V

Page (1/2)

Identifier EvVil
Model Year 2023
Vehicle Type Light Duty
MNominal Charging Voltage = 500VDC
Rated Usable Energy H0-100 kWh
Rated Max Charge Power 200-250 kW
Rated Charge Time (10-80%) ~20 min
Rated Range 250-300 miles
EVSE Charged On EVSEZ2_H1

SOC, kWh, Range

10-104% Nominal Preconditioned EV Profiles: S0C, Energy, Range Gained @& 10min, 20mjn

SOC_10min
— SOC_P0min
f1oa
WAL D
- 206

8o

2
x

F [ oo -
Eeo g ook
i g |y
& g E
H £ ]
350 lea = 1
E sk
[ g
Fao & i
£ = B
a tan 2 5
F £ |00 f
' - =
£ |
3
Fol

s

G o T o7 B T e g P

DC Power

10-100% Nominal Preconditioned EV Profiles: DC Power [WI{DC)]
EW1_32 LD _=500W

350000 | EVZ_21_LD_> 500
EV3_19_LD_<500v
EVA_F3 LD =500y
300000 { EVS_21_LD_ <500
EV_22_LD_=500v
EVT_21_LD_ <500
50000 | EVE_22_LD_>500v
= EVO_22_LD_<500Y
-1 EV1D_22_L0_<500%
= 100000 —_— EV11_23 LD =500V
7 EV12_19_HD_ =500V
‘? EV13_21_HO_=500V
1 150000 { EV14_23_L0_<500%
£ EV15_23_L0_=500%
EV16_23_L0_=500%
100000 {
50000 |

0040 0100 OL20  OL40 020 0220

Tires [hhcrmen ]

10-100% Momdnal Preconditioned EV Profiles: Time to 80%, 100%, 100mi, 200mi

SOC N Demin.
140 | . SOC_30min
MNC_ L0
AN 2 0emin
120 {
1001
£ Boj
E
E
w0l

B ———

P “’_.;i‘ o

oo b

Pt L o L

10-100% MNominal Preconditioned EV11:

DC Power Time Distribution [%]
>250KW

200-250kW

150-200kW
50k

100-150kW

S0-100kW

S50C: 10-80% S0C: 10-100%

Mominal PreCond | 0:19 | 238 | 181 | 59 | 047 |127| 97 76 |~3b0| ~2B0| 49°C
MNominal Soak X X X X X X X X X X X
Hot PreCond X X X X X X X X X X X

Hot Soak X X X X X X X X X X X
Cold PreCond X X X X X X X X X X X
Cold Soak X X X X X X X X X X X
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EVi1_23 LD _>500V

Page (2/2)

Temperature & Conditioning Variance

Start SOC Variance

Ramp Rate & SCM EVSE Limited

EV11 10-100% Nominal Preconditioned:

350000 Session Start DC Power Ramp Rate[W]

300000 §

250000 ;

o

150000 1
J

EVSE Power [W(DC)]

100000 4

]

00:34 00:42 00:51 01:00 01:09 01:17 01:26 01:35
Time

DC Power [W(DC)]

300000

250000

200000

150000

100000

50000

Adapters/Converters

EV11 10-100% Nominal Preconditioned:

B S0

i H i i
H H i i
H H i i
H H i i
H i i
H i 1
H i i
H i i
H i 1
: ' '
: EVT1 101000 Power: EVSEY_HI (Adapter)
H
H
H i
H i
H
H

Adapter & Non-Adapter DC Power [W]

VI 30+ D00 Poser: FVSEL_H1 (o edaptor)

©00.00 0014 0026 00443 00557 01112 0126 0140
Time [hh:mm)
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier Evi2
Model Year 2019
Vehicle Type Heavy Duty
EV:' : 2 :l 9 H D > 500\/ Nominal Charging Voltage > 500VDC
— — — Rated Usable Energy 300-350 kWh
Rated Max Charge Power 350-400 kW
Page (1/2) Rated Charge Time [10-80%) ~ 80min
Rated Range 250-300 miles
EVSE Charged On EV3SE4_H5
SOC, kWh, Range
IO-IGU%DH:IDmlnuI Preconditioned EV Profiles: S0C, Energy, Range Gained & 10min, '.'Drrm 10-100% Nomdnal Preconditioned EV Profiles: Time Eo 80% 1009, 100mi, 200mi
=200 |15 1oa [ o
801 WAh 10 | L
= fm e
7o | " " igreilink 120
z - |0
Eeo| g rmoc ]
8 £ 2
k] E] =
g% e = 5 g
- E 1m0 & = w1
g ; 2 —L
i lo 8| E w
'g 301 E I 100 ;
2 h &0
201
3o | =n
18 I F T
[ L it i ‘g by ) EESEESEEEEESERESESE S5
A L &P S P P S P
10-100% Nominal Preconditioned EV Profiles: DC Power [W{DC]]
350000 | - EV1_23 LD _=500¢ 10-100% Nominal Preconditioned EV12:
P i i eacov DC Power Time Distribution [%]
EV4_23_L0_<500% >250kW
300000 | EVS_21_LD_<5%00
rva:n:m:-ﬁam.- 200-250KW
EVT 21 L0 <500
T50000 1 EVE_22_LD_=500%
5 EV_22_L0_<500%
§ EVI0_22_LD_ =500V
£ 700000 | EV11_23_LD =500V
E EV12_19_HO_=S00V 50-100kW
H EV13_21 D =506V
& 150000 | EV14_23_LD_ <500V
£ EV1S_23 LD =500V
EV16_23_LD =500V
100000+ — 150-200kW
50000 |
ol 100-1506W

Baoa  Boan 0048 GL00 @130 Gl4b  crod  0rao
Tirrse [Fih:enm)

S0C: 10-100%

Battery
[h:m] | [A] | [KW] | [kWh] [ [h:m] | [A] | [KW] | [kWh] | [A] | [KW] | Tempeesk
Nominal PreCond | 1:22 | 257 | 177 | 235 | 2:03 |215| 150 | 303 |~b0Q| ~3b0 X

Nominal Soak X X X X X X X X X X X
Hot PreCond X X X X X X X X X X X
Hot Soak X X X X X X X X X X X
Cold PreCond 1:20 | 261 | 180 | 228 | 1:54 |233| 163 | 287 |~b00| ~350 X
Cold Soak X X X X X X X X X X X
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV12 19 HD_>500V

Page (2/2)

Temperature & Conditioning Variance

50000 10-100% EV12 Profiles: DC Power{W] & Battery Temp [*C] 10-100% EV12 Profiles: Time to 80%, 100%. 100mi, 200mi
180 me to
- = e b
400000 Tire 1o Lo
lan - Ture o 200m
350000 . 1 109
N [
_ 300000 g -
g P
£ 250000 02 i
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£ — Hominal E fo
£ 200000 -208
g i
- £ 40
150000 | g0
100000 m
=60
50000
| -a0 o gﬁl' f
0 (015 0028 00:57 0128 01:3%
Time
Nominal Preconditioned EVL2 Profiles: DC Power{W] & Barbery SOC %] 00 Naminal Preconditioned EV12 Profiles: Time to 50%. 100%. 100mid, 200m|
T R . =
“00008 ,.—-"'-:. -------- 5 B Tima 1 200m
350000 b o 100
50
300000 E
3: LY _ =
Eza i — 10-100% & £
¥ lemmmmmmemm=e — B0 o 3 E -
£ 200000 0-100% 3
u i
Z - § w
150000 i
100000 e N
50000 \‘\'} -7
o . —— |
- & s &
0000 0028 00:57 01:26 - - # L
Time
Ramp Rate & SCM EVSE Limited Adapters/Converters
EV12 10-100% Nominal Preconditioned:
250000 Session Start DC Power Ramp Rate[W]
300000
250000
§zocmo
g 150000
2
@
100000
50000

00:34 00:43 00:51 01:00 01:09 01:17 01:26 01:35
Timae
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier EV13
Model Year 2021
Vehicle Type Heavy Duty
EV 13 21 H D > 500V Nominal Charging Voltage > 500VDC
— — — Rated Usable Energy 300-350 kWh
Rated Max Charge Power 350400 kW
Page (1/2) Rated Charge Time {10-80%) ~ 80min
Rated Range 250-300 miles
EVSE Charged On EVSE4_H5

SOC, kWh, Range

10-100% Mominal Preconditioned EY Profiles: SOC, Energy, Range Gained @ 10min, 20mip 10-100% Hominad Preconditioned EY Profiles: Time: to 50%, 100%, 100mi, 200mi

= SOC_Lomn
= E E: 140 | S0 _Fmn
na wwt_1mis [ 100 . i
o i:.H = 170
0 w— ei_2tmin
? L] -
:Em g .moi 100
3 50 lea i £ T
EJ Elisos  F
£ a0 al & F
i 5 FE "
T o [+ ? n:m.hF
& = ] o
) |
20
l2a =0 - ] I I I
o Hu :

o ol P ot T P P S

DC Power

_10-100% Mominal Preconditioned EV Profiles: DC Power [WIDC)]

350004 1

IO0000 ©

FS0000 §

00000 ¢

150000 +

EWVSE Power [WIDC)]

100000 ¢

S0000 ¢

EV1_22_LD_=500Y
EV2_21_LD_=S00V
EW3_19_L0_< 500V
Eva_33 LD _<S00W
EWS_31 LD =500V
Ewe_22_LD_<500v
E¥7_21_LD_=S00¥
EWB_22_LD_=500W
EWD_23 LD =500V
EW10_22 LD <5000
EVil_23_LD =500V
12_19_HE_=S0ay
EW13_21_HD_=S0av
EV14_23 L0 <500V
EV1S_23 LD 5000
EW16_23_LO_=500V

,r"‘]

o000 o530
Tiena [hin:mim]

0140 0200 220

200-250kW

10-100% Nominal Preconditioned EV13:
DC Power Time Distribution [%]
>250kW

=50kW

50-100kW

ISU-EASEﬁWkW

S0C: 10-100%

Mominal PreCond | 1:09 | 349 | 242 | 272 | 2:24 |213( 150 | 347 |~500[ ~350 X
Nominal Soak X X X X X X X X X X X
Hot PreCond X X X X X X X X X X X

Hot Soak X X X X X X X X X X X
Cold PreCond X X X X X X X X X X X
Cold Soak X X X X X X X X X X X
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV13_21 HD_>500V

Page (2/2)

Temperature & Conditioning Variance

. 10-100% EV13 Profiles: DC Power{W) & Battery Temp [€]
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

|dentifier Evi4
Model Year 2023
Vehicle Type Light Duty
EV 14 23 LD < 500V Nominal Charging Voltage < 500VDC
— — — Rated Usable Energy 100-150 kWh
Rated Max Charge Power 200-250 kW
Page (1/2) Rated Charge Time (10-80%) ~ 20min
Rated Range 300-350 miles
EVSE Tested On EVSE1_H1
SOC, kWh, Range
10-100% Nominal Preconditioned EV Profiles: S0C, Energy, Range 'l'.i-nlr:: E:::rpun. 2ompn, 10.100% N:T:_Il_b*le-cnndltlunnd EV Profiies: Time to 80%, 100%, 160mi, 206mi

H

—_——— e e e e e e e ey o 0l — —_—— —_——— e —— —— —_——

- o e L %] o (-] i -, y N {* -y B 5 o o 3 S o
& 'a"'.bq" @ 'ard"@“’@“ M 'a"'\;n.“ o e c\"‘ g —;F'J‘ u‘,‘“c\“ o 6‘1@\ & & .‘:F'"e' @“.’

DC Power

10-100% Nominal Preconditioned EV Profiles: DC Power [W{DC)] 10-100% Nominal Preconditioned EV14:
EVI_22 LD_=500V DC Power Time Distribution[%)

A EVZ_21_LD_>300V 0. 35 AR

EV3_19_LD_< 500V

Fvd_33_LD_=500W

EVS_21_LD_< 500V

EVE_22_LD_<500v

EVT_21_LD_=500W 150-200kW

=250KW
200-250kW
150-200kW
100-150kW
50-100kW
=50HW

EVE_22_LD_>500V
[v9_22 LD =500

EV10_ 32 LD <5000
EVIL 23 LD =500
EVIZ_19_HD_>500v
EV13_21_HD_=500%
150000 — EV14_23 LD <500W
EVIS_33 LD_=500W
EV16_23_LD_»500W

R
E 8 8

EWSE Power [WIDLCI]

100-150xW

. &3

S0-100kW

0000 LOCR0 D040 0000 OO OR:40 0200 G220
Tirres [Pt een]

S0C: 10-80% S0C: 10-100%
Testing Conditions
[h:m] [ [A] | [KW] | [kWh] [ [hom] | TA] | [KW]D [ [kWh] [ [A] | (kW] | Tempepesk
Mominal PreCond | 0:32 | 371 | 158 | 83 | 1:06 (224| 96 | 106 |~500| ~200 X
Nominal Soak | 0:32 | 370 | 157 | 83 | 1:06 |226| 97 | 106 |~H00O| ~200
Hot PreCond 0:32 | 368 | 156 | 82 | 1:10 (214 92 | 105 |~B0O0| ~200
Hot Soak 032 | 370 | 157 | 83 | 1:10 |215( 92 | 106 |~b00| ~200
Cold PreCond X X X X X X X X X X
Cold Soak 049|218 | 93 | 74 | 1:28 |157( &7 98 |~250| ~100

IR Bl sl
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV14_23 LD_<500V

Page (2/2)

Temperature & Conditioning Variance

10-100% EV14 Profiles: DC Power|'W) & Battery Temp |*C]
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

EV15_23_LD_>500V

Page (1/2)

SOC, kWh, Range

10-100% Wominal Preconditioned EV Profiles: SOC, Energy, flange Galned @ 10min, 20min
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10-100% Nominal Preconditioned EV Profiles: DC Power [W{DC]]
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Tirvsss [Fti: e ]

[TE T

S0C: 10-80%

EV1_22_LD_=S00v
EVZ_21_LD_=S00V
EW3 1% LD <500V
Fv4_23 LD_<S00v
EWS_21_LD_ <500V
Ewe_22_LD_ <500
EWT_21_L0_=S00V
EWE_22 LD =500V
IWe_27 LD <5004
EWLD 2% LD w5000
EW11_23_LD_>S00W
EvlZ_19_HD_=S00v
EV13_21_HD: =500
EWl4 23 L0 <5000

—— EV15_23_LD =500V
EWLE_23 LD =500

[ ]

100

] 2

4

Ernergry Chanped [kiVhDC]

Vehicle Description

Identifier EV15
Model Year 2023
Vehicle Type Light Duty
Mominal Charging Voltage = 500VDC
Rated Usable Energy 100-150 kWh
Rated Max Charge Power 300-350 kW
Rated Charge Time (10-80%) ~ 20min
Rated Range 500-550 miles
EVSE Tested On EVSE1_H1
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10-100% Mominal Preconditioned BV Profiles: Time to 80%, 100%, 100mi, 200mi
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10-100% Nominal Preconditioned EV15:
DC Power Time Distribution| %)
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Testing Conditions Wi
[hem] | [A] | [kW] | [KWH] [ [hcm] | [A] | [KW] | [KWh]| [A] | [KW] | Tempeesk

Nominal PreCond | 0:32 | 201 | 176 | 87 | 1:10 |110| 98 | 113 |~350| ~300 X
MNominal Soak |0:32 | 187 (164 | 86 | 1:13 |104| 92 | 112 |~350| ~300 X
Hot PreCond 0:32 | 202 (177 | 85 | 1:.09 (111 99 | 112 |~400| ~350 X
Hot Soak 0:32 | 173|150 | 87 | 149 (99| 87 | 113 |[~250| ~200 X
Cold PreCond 0:49 | 167 (145 | 86 | 1:21 (93| 82 | 110 |~250| ~200 X
Cold Soak X X X X X X X X X X X
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EV Profile Capture 2024: A Next-Gen Profiles Project Report

Vehicle Description

Identifier EV16
Model Year 2022
Vehicle Type Light Duty
EV 16 22 LD > 500V Nominal Charging Voltage >~ 500VDC
— — — Rated Usable Energy 200-250 kWh
Rated Max Charge Power 300-350 kW
Page (1/2) Rated Charge Time (10-80%) ~ 20min
Rated Range 300-350 miles
EVSE Tested On EVSE2_H1
SOC, kWh, Range
IO-IUOmNDminaI Preconditioned EV Profiles: SOC. Energy. Range Gained @ 10min. zon}m 10-100% Kominal Preconditioned EV Profiles: Time to B0%, 100%. 100mi. 200mi
E 2 5 -
B - - e v e & & & & ,;,:'\"’ < Gt:" FPe G\;" At g
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EV1_22 LD =500V DC Power Time Distribution[%)]
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Testing Conditions gl

[hom]| [A] | [kKW] | [KWh]| [hom] | [A] | [kKW] | [KWhH] | [A] | [KkW] | Temppeak
Nominal PreCond | 1:36 | 145 | 110 | 176 | 2:17 |115| 87 198 |~400| ~300| 44°C
Nominal Soak 1:14 | 182 | 138 | 167 | 2:17 (119| 90 [ 204 |~b00|~350( 44°C
Hot PreCond 1:16 | 162 | 122 | 154 | 2:26 [102| 77 186 |~400| ~300| 44°C
Hot Soak 1:17 | 158 | 118 | 150 | 225 | 99 | 74 180 |[~400| ~300| 44°C
Cold PreCond 110 | 189 | 143 | 164 | 2:13 (120 91 | 201 |~b00|~350( 44°C
Cold Soak 1:07 | 193 | 146 | 161 | 2:14 |117| 89 198 [~450| ~300| 40°C
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