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• Hybrid EV (HEV)
• HEVs are powered by an internal combustion engine and an electric motor that 

uses energy stored in a battery. The vehicle is fueled with gasoline to operate 
the internal combustion engine, and the battery is charged through 
regenerative braking, not by plugging in.

• e.g., Toyota Prius

• Plug-in EV (PEV)
• Plug-in hybrid EV (PHEV)

• PHEVs are powered by an internal combustion engine and an electric motor that uses 
energy stored in a battery. PHEVs can operate in all-electric (or charge-depleting) mode 
(20-40 miles) or solely on gasoline, similar to a conventional hybrid.

• All-EV (also referred to as Battery EV or BEV)
• BEV has a battery that is charged by plugging the vehicle in to charging equipment. EVs 

always operate in all-electric mode and have typical driving ranges from 150 to 300 miles.
• E.g., Tesla  Model 3

Electric Vehicle (EV)



 In the U.S., the first successful electric car made its debut around 1890 thanks to William Morrison, 
a chemist who lived in Des Moines, Iowa.
 a six-passenger vehicle capable of a top speed of 14 miles per hour

 By 1900, electric cars were at their heyday, accounting for around a third of all vehicles on the road. 
During the next 10 years, they continued to show strong sales.

Henry Ford’s mass-produced Model T that dealt a blow to the electric car. 
 Introduced in 1908, the Model T made gasoline-powered cars widely available and affordable. By 1912, the gasoline car cost only 

$650, while an electric roadster sold for $1,750.

Gas shortages spark interest in electric vehicles in 1970s
 Environmental concern drives electric vehicles forward – 1990 Clean Air Act Amendment
 The first turning point many have suggested was the introduction of the Toyota Prius. Released in 

Japan in 1997, the Prius became the world’s first mass-produced hybrid electric vehicle.

 Tesla’s announcement and subsequent success spurred many big automakers to accelerate work on 
their own electric vehicles.

 The future of EVs – one of the few positive things that came out of the COP26 is the wide adoption 
of electrification of transportation by many nations. 

EV is not a new idea





Electrification Programs

https://www.c2es.org/document/us-state-clean-vehicle-policies-and-incentives/





• ZEV emission standards, ZEV programs, and EV financial 
incentives:

• CA is the leader
• Maine, Vermont, Connecticut, New Jersey, and Maryland have adopted 

CA’s LEV standards and ZEV programs, as well as EV incentives.

• ZEV program only:
• Oregon and New York have adopted CA’s LEV standards and ZEV 

programs.

• EV financial incentives only:
• State of Washington, Colorado, Pennsylvania

Zero-emission Vehicle Actions



• Currently more than 3 percent of new vehicle sales 
are electric 

• The latest report by Bloomberg New Energy Finance 
shows that by 2040, 58% of global passenger 
vehicle sales will come from electric vehicles. 

• At the same time, they will make up less than 33% 
of all the cars on the road

Current Status of EV sales and 
Infrastructure
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Top Five EV Makes and Models in Sales
Vehicle Type Total

Tesla Model 3 EV 296,392 

Tesla Model S EV 162,285 

Chevy Volt PHEV 156,733 

Nissan Leaf EV 141,888 

Prius PHEV PHEV 116,927 

Vehicle Type Total

Toyota Prius HEV 2,242,397 

Toyota Camry HEV 431,233 

Ford Fusion & Milan HEV 356,898 

Toyota RAV4 HEV 237,770 

Honda Civic HEV 235,437 

Data source: Transportation Research Center at Argonne National Laboratory, anl.gov/es/light-duty-electric-drive-vehicles-monthly-sales-
updates



46,441 Stations:  
Leve 1: 2 to 5 miles 
of range per 1 hour 
of charging (<5% of 
public EVSE ports).

Level 2: 10 to 20 
miles of range per 1 
hour of charging 
(>80% of public 
EVSE ports).

DC fast charging: 60 
to 80 miles of range 
per 20 minutes of 
charging (>15% of 
public EVSE ports). 



In Illinois, there 
are 927 public EV 
charging stations 
with 2,339 EVSE 
ports. 

https://afdc.energy.gov/fuels/electricity_locatio
ns.html#/find/nearest?fuel=ELEC&ev_levels=all
&country=US



Federal Highway Administration EV Corridor Map

https://hepgis.fhwa.dot.gov/fhwagis/ViewMap.aspx?map=Highway+Information%7CElectric+Vehicle+(EV-Round+1,2,3,4+and+5)#



Challenges and Opportunities in 
Electrification

• Battery technology
• Charging technology
• Costs and benefits
• Power grid and electrified transportation



• Active research area for new and cheap battery technologies in materials 
science and engineering, chemistry, and chemical engineering, mechanical 
engineering

• Currently the average cost to replace an EV battery is around $5,500.
• Types of battery:

• Lithium-Ion batteries (most widely used in PHEVs and BEVs)
• Nickel-Metal Hydride batteries (widely used in HEVs)
• Lead-Acid batteries (for ancilliary loads)
• Ultracapacitors (for additional power during acceleration and hill climbing and help 

recover braking energy)

• Battery recycling: relatively new and challenging research area
• Stumbling block: separating the different kinds of battery materials efficiently at 

low cost

Battery Technology



• Leve 1: 2 to 5 miles of range per 1 hour of charging (<5% of public EVSE ports).
• Level 2: 10 to 20 miles of range per 1 hour of charging (>80% of public EVSE 

ports).
• DC fast charging: 60 to 80 miles of range per 20 minutes of charging (>15% of 

public EVSE ports). 

• To put this in perspective, for an E-Force One (by COOP Switzerland) 18 ton 
electric truck with a battery capacity of 300 kWh, its energy consumption is 130 
kWh per 100 km.  
That means it will take over 35 to 50 minutes to charge the truck even with the 

DC fast charging technology, or 7 to 14 hours with level 2 charging technology.

Charging Technologies



Innovations in Electrification of Freight Vehicles
• There are eHighway pilot projects in 

Germany, Sweden, and Southern 
California by Siemens.

• Tesla’s Semi all-electric freight 
truck.

• Wireless energy transfer technology



• Transitioning to a light-duty fleet of HEVs and PEVs 
could reduce U.S. foreign oil dependence by 30-60% 
and greenhouse gas emissions by 30-45%, depending 
on the exact mix of technologies.

• Costs are primiarily
• EV ownership cost
• Charging infrastructure cost

EV Costs and Benefits



EV Costs and Benefits (cont’d)
• EV ownership cost

• Upfront cost is high for EV
• Life time ownership cost (including fuel cost, maintenance cost, and 

insurance cost) is slightly less than a gasoline minivan or a pickup truck
• Some estimate of $9,000 annual cost for owning an EV.

• Cost for a single electric vehicle supply equipment (EVSE) port:
• Level 1: $300 - $1,500
• Level 2: $400 - $6,500
• DC Fast: $10,000 - $40,000

• Installation cost: 
• Level 1: $0 - $3,000
• Level 2: $600 - $12,700
• DC Fast: $4,000 - $51,000



• For electic trucks, according to a California Air Resources Board (CARB) study, 

EV Costs and Benefits (cont’d)

https://energyinnovation.org/wp-content/uploads/2020/06/Clean-Trucks-Big-
Bucks_June_17_2020.pdf

https://energyinnovation.org/wp-content/uploads/2020/06/Clean-Trucks-Big-Bucks_June_17_2020.pdf


• For an existing EV model in the market, the Tesla model 3, the standard 
battery capacity is 50 kWh, which can last 4.4 hours when the vehicle is 
running at the 50 miles per hour. 

• Considering a person drives to work from the suburbs to the downtown 
Chicago in the morning and reverses back in the afternoon, his/her average 
daily commute time is about 2.5 hours. 

• The resulting daily electricity consumption for an AV is about 28.5 kWh, which 
is nearly half of a month electricity usage of a family in United States. 

• A recent statistical report showed that 82% of Illinois residents and 
58.25% of Chicago residents commute via vehicles .

• This will result in massive electricity demand with the large-scale 
penetration of AEVs.

Integration of Power Grid and Electrified 
Transportation



• Smart pricing mechanisms
• Dynamic demand pricing 

• to regulate electricity charging demand and shift it to 
off-peak hours 

• Electricity trading
• to allow unused electricity on EVs to be sold back to 

the grid during peak hours. 
• Auxillary floating electricity supply

• to deploy EVs to supply electricity to where power grid 
is down or cannot reach  

Integration of Power Grid and Electrified 
Transportation



In summary, there are plenty of hard 
challenges and exciting opportunities 
ahead for electrification of 
transportation!



Questions?
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