Vehicle charging infrastructure for the
future transportation system

Hua Cai, Ph.D., P.E.
Purdue University
Industrial Engineering

Environmental and Ecological Engineering

April 20,2023
PURDUE INDUSTRIAL
PURDUE Environmental and Ecological Engineering m\ ENGINEERING



Existing transportation section is carbon intensive
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Many countries are incentivizing electric vehicle adoption

to decarbonize road transport

Internal combustion engine
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Many countries are incentivizing electric vehicle

adoption to decarbonize road transport
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Building public charging infrastructure to support EV

adoption is critical

Dream Reality
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Electrification is not the only “revolution” that is

happening in the transportation sector
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Different sharing and autonomous driving adoption pathway

may need different charging infrastructure

Electric Vehicles _
* Increased charging

« Home charging demand

* Flexible charging * Destination charging + Reduced parking time
schedule and location

* Reduced fleet size

 Reduced fleet size
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Service Service
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Key elements to consider in charging station siting

e Charging is different from refueling
* Optimizing station capacity while siting charging station

* Multi-period development of charging infrastructure

Tradeoffs between adding a new charging station vs. upgrading
existing ones need to be evaluated

* Queueing at charging stations

* Budget is often limited



Integrated simulation and optimization model to site charging

stations

* Riding time
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Case study: Siting charging station for NYC taxi
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Three development pathways:

* Case P (present): traditional fleet (no sharing, no AV) with
increasing EV adoption

e Case F (future): shared autonomoustaxis with increasing EV
adoption

e Case M (mixed): switch halfway

Lokhandwala, M., & Cai, H. (2020). Siting charging stations for electric vehicle adoption
in shared autonomous fleets. Transportation Research Part D: Transport and
Environment, 80, 102231.

Parking lots in NYC : 20714



Preference and Parameterized Shared Autonomous Electric

Vehicles (PP-SAEV) model

Global Parameters
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Optimization model to site charging stations

Objective:
Minimize: Ty, = Z’ivzl(TQi + Tr, X 2) ... totalwasted time

Subject to:

* New charging stationlocations: selected from parking lots

Old Charging stationlocations

Parking lot capacity

* Budget constraint: CpewNpew + CypgNypg < B

(cost of new satiationsand new ports under budget)

T,, - total wasted time in charging (function of CS location)

T, - time spent by taxi i in queue (function of CS location)

T, - time spent by taxi for a round trip to the charging station

Crew; Nnew - cost to build up a previously un-electrified parking lot and place 1 charging station;

Number of parking lots chosen
Cupg; Nupg - cost to add additional charging stations at a parking lot that has been electrified;

Number of added parking stations. Cpey = 2Cypg



Autonomous driving and sharing will change spatial and

temporal charging demands

Traditional fleet with 100%
EV adoption (13500 taxis)

Shared autonomous fleet
with 100% EV adoption
(5500 taxis)
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Charging infrastructure development needs to consider the

emerging trend of sharing and autonomous vehicle use
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Optimal charging was able to support similar level of

system performance
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Conclusions

* Different development pathways do have different
charging infrastructure needs

* Electrifying the taxi fleet did not significantly impact
service level

e Shared autonomous fleet has advantages in reducing
vehicle-miles-driven and carbon emissions

* The proposed modeling framework can also be used
to study other fleets
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