Electric Vehicles and Charging Infrastructure Systems:

Adoption, Deployment, and Management Insights

Eleftheria (Ria) Kontou, PhD
Assistant Professor
Civil and Environmental Engineering
University of lllinois Urbana-Champaign

NAE 2023 Regional Meeting and Symposium

I Funding acknowledgment: research partially supported by DOE VTO (DE-EE0009235);

i do not necessarily represent the funding agency
ILLINOIS o



Grand Challenge: Decarbonize Transportation Systems

Climate change mitigation = Energy and air quality Resilience of sustainable
requires massive shifts to burdens disproportionally transport systems and
clean vehicle technologies incurred by disadvantaged  infrastructure against

and travelers’ attitude change communities extreme events
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Transport Energy Burden

2019 AVERAGE ANNUAL
HOUSEHOLD EXPENDITURES

$20,679

Housing

$4,394 Viehicle purchases

l $3,474 Other vehicle expenses

$2,094 Gasoline, other fuels, motor oils

$10,743

Transportation

$5,193

. $781 Public and other transportation
Healthcare

$1,995 $3,090
Cash contributions 53,540 Entertainment

Miscellaneous
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* Significant transport costs for
overburdened households
o Gasoline & diesel price volatility
is an economic uncertainty for
households and businesses

Data source: U.S. Bureau of Labor Statistics. Consumer Expenditure Surveys (2019)

Figure source: The U.S. National Blueprint for Transportation Decarbonization (2023)
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Light-Duty Transport Electrification Real Impacts

2020 Chevrolet Bolt EV

2020 Chevrolet Spark Gasoline

Annual Fuel Cost (Dollars)

0 1,000

Electricity rate: $0.13 per kWh

Travel Cost Savings
 EV $453 vs CV $1,000 per year

I Dollars

2,000

Emissions Reduction

* 82% annual CO2-eq decrease
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Electricity Sources and Vehicle Emissions
Electricity Sources Annual Emissions per Vehicle
in lllinois 15K
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' Hydro: 0.07% All Plug-in Hybrid Gasoline
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Light-duty vehicles excluding fuel cell electric
M Electric emissions M Gasoline emissions
Source: Electricity Sources and Emissions Tool based on assumptions with 2021 data from EIA

Figures source: Alternative Fuels Data Center. 2021. https://afdc.energy.gov/states/il
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US Transition to Electric Vehicles

Light-duty plug-in vehicle monthly market share Electric vehicle public charging ports
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Data source: Alternative Fuels Data Center. 2023. https://afdc.energy.sov/stations/#/find/nearest
Data source: Department of Energy. 2023. https://www.energy.gov/eere/vehicles/articles/fotw- 1 275-january-30-2023-monthly-plug-electric-vehicle-sales-united-states
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https://afdc.energy.gov/stations/
https://www.energy.gov/eere/vehicles/articles/fotw-1275-january-30-2023-monthly-plug-electric-vehicle-sales-united-states

Charging Locations

Where do plug-in electric vehicle drivers charge on weekdays?

Typical Weekday Charging

NA

. L1 L2
Battery EV owners: Home - - , = 1 .
* 88 % charging at home 1 ‘
* 24 % charging at work
* 17 % public charging Work
Public BN BEV
mum PHEV

Figure from: Greene, Kontou, et al. 2020.

https://doi.org/10.1016/j.trd.2019.11.01 | 0% 20% 40% 60% 80% 100%
Share of Owners Mentioning Charging at Least Once
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https://doi.org/10.1016/j.trd.2019.11.011

Ubiquitous Residential Charging ?

Multi-unit dwellers face barriers related to
home parking and charging access

Limited access to reliable charging infrastructure
could hinder electric vehicle adoption
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Home charger installation
in multi-unit dwellings barriers

5 © B

Cost Renter  Ineffective shared
burden rights charging management




Shared Charging Management in Apartment Complexes

* Dynamic session-station allocation

Total charging hub waiting time vs.

levelized cost of charging
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Figure from: Zhang et al. Total waiting time (min)

https://ssrn.com/abstract=4246024

I Results for avg. number of vehicles per apartment complex based on 2019 American Housing Survey data
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https://ssrn.com/abstract=4246024

Public Charging Value

While most of the plug-in electric vehicle ‘ ; KL
charging is expected to occur in residential P g SR oA

locations, a network of public chargers

provides tangible and intangible value by: - - /F 1

* Enabling long-distance travel

Legend

) Coping With range anxiety A Rest Areas o | ‘ “ &

DC Fast Charging Stations

A

O 1-4

O 12-22
charge at residences & workplaces g o R NG i ?
e Building confidence in the future of EVs A N Lo o

=== |nterstates ey
[ minois Counties

. Supporting adopters that cannot reliably ~ 8+% = S sEA Il e

Data source: Alternative Fuels Data Center. 2021. https://afdc.enersy.sov/stations/#/find/nearest
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https://afdc.energy.gov/stations/

Planning for Equitable Charging Station Deployment

Charging facility location models

responsive to multiple
stakeholders’ feedback

* Economic viability of network ==

a) Current charging b) Substation
inaccessibility proximity

* Electrical upgrades
* Environmental justice

* Disadvantaged and underserved
population coverage and benefits

e) PM 2.5 concentration f) Minorities share (%) g) Disadvantaged community

(pg/md) indicator (binary)
I Figure source: Kontou et al. 2023. https://doi.org/10.36501/0197-9191/22-023
10

ILLINOIS


https://doi.org/10.36501/0197-9191/22-023

Planning for Equitable Charging Station Deployment

Charging facility location models

responsive to multiple
stakeholders’ feedback

Economic viability of network

* Electrical upgrades

* Environmental justice

* Disadvantaged and underserved
population coverage and benefits low suitability

0.15, 0.27

0.27, 0.32

Figure source: Kontou et al. 2023. ® 032,038
https://doi.org/10.36501/0197-9191/22-023 l ® 0.38,0.46
® 0.46,0.73

X high suitability
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https://doi.org/10.36501/0197-9191/22-023

Mid-Transition Planning

Fossil system phasing out

* Gasoline stations and their supply
chain’s infrastructure as stranded

assets

* What happens to these assets as the
transportation sector goes electric?
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IL 1-80 census tracts have high
charging station suitability

and high gas stations sales

Not Significant (2606)
I High-High (97)
- Low-Low (250)
I Low-High (119)
[ High-Low (44)



Electrified Charging Network by Renewables

Daily travel — e

* Charging electricity from . VighVolage DCleg. 100V D0
renewable sources

* Electricity tariffs that . \\\ 3= .

PV Array

incentivize clean energy use

* Charger providers lower costs
from demand charges with
renewables

DCFC Units
(with DC/DC)

-

ES Charge Onssitle Energy
Control rage

Extreme events

* Enhance reliability of the “Meter may b ocated o heathersid ofthe trasfomer Mot tps g~
system through microgrid
connection

Picture from: Francfort et al. (2017). Link
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https://avt.inl.gov/sites/default/files/pdf/reports/DCFCChargingComplexSystemDesign.pdf

Evacuation with Electric Vehicles

South Florida Evacuation Network

Evacuation Zones
Evacuation Zones

Evacuation Zones
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Black Creek North Fork (Clay)
Black Creek South Fork (Clay)

Evacuation Routes

Designated Evacuation Routes
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Map source: https://www.floridadisaster.org/knowyourzone/

Florida Hurricane
Disaster Declarations |
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Figure source: FEMA. 2023.
https://www.fema.gov/data-visualization/disaster-declarations-states-and-counties | 4



https://www.floridadisaster.org/knowyourzone/
https://www.fema.gov/data-visualization/disaster-declarations-states-and-counties

Planning Emergency/Portable Charging Station Locations
for Evacuations

Medium Range Long Range
Gasoline Vehicles Electric Vehicles Electric Vehicles
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Figure source: Purba, Balisi, Kontou. In press. No additional stations 7 portable stations 5 portable stations
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Electric Vehicle as a Resource During a Power Outage

Battery electric vehicle powers
residential energy needs during
outages through vehicle-to-home
technology

Summer - South Climate Region

Initial Battery State-of-Charge (%)

1 4 7 10 13 16 19 22
Graph source: Liu, Vlachokostas, Kontou. In preparation. Powel" Outage duration (h rS)
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Probability to cover home energy needs (%)



Sustainable, Resilient, Equitable Transport Systems

X
ILLINOIS



Thank you!

Dr. Eleftheria (Ria) Kontou

email: kontou@illinois.edu

office phone: +| 217-244-3425
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