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• EV v. Hybrid v. ICE (v. AV)
• Drivers of EV growth
• Relative Advantages to 

Consumers and Governments
• ICE parts v. EV parts
• How the Region will be 

different when EVs dominate
• How the Region can make the 

most from the EV opportunity

Overview
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• Electric vehicles (EV) and Hybrid vehicles have electric motors and 
batteries to reduce or eliminate need for a traditional internal 
combustion engine (ICE).

• Hybrid vehicles contain both an ICE and an electric motor and 
battery.
• Parallel hybrids blend the two propulsion sources.

• Series hybrids are propelled by electric motor, which is recharged by ICE and 
regenerative braking.

• Plug in hybrids are propelled by electric motor with a larger battery to 
reduce need for ICE recharge.

Introduction:  EV v. Hybrid

Source:  www.caranddriver.com/features/a26390899/what‐is‐hybrid‐car/
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• Electric Vehicles (EV) only have electric motors and 
large capacity batteries.  Regenerative braking 
provides limited range extension.

• Autonomous Vehicles (AV) use sensors, 
communication networks (to connect V2V and V2I), 
computers, and actuators to automate some 
portions of driving.

• EVs may have none of the technologies associated 
with AV.

• AVs that use electric motor propulsion have 
performance advantages but an AV need not be an 
EV or a hybrid.

Introduction:  EV v. AV
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Global EV Sales are Increasing Exponentially
Source:  The Global EV Outlook 2022
Published by the International Energy Agency (IEA)
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• Relative advantages for the consumer

• Relative advantages for the region and state
•  State policies and programs

• Relative advantages for the nation
•  Federal policies and programs

•  Vehicle manufacturer plans

“Drivers” of EV Growth
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• Higher initial cost
• Range anxiety (Changing stations that are not ubiquitous and 

charging takes longer than ICE refueling)
• Specialized maintenance expertise needed

• Zero emissions from the vehicle
• Not subject to high gas prices
• Faster acceleration
• Quieter
• No oil changes
• Longer brake life

Advantages of EVs

Disadvantages of EVs https://www.autoblog.com/article/best-electric-cars-suvs/

EV Relative Advantages to Consumers
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Source:  The Global EV Outlook 2022
Published by the International Energy Agency (IEA)
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https://afdc.energy.gov/data/10332
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Source:  The Global EV 
Outlook 2022
Published by the 
International Energy 
Agency (IEA)
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CHARGING STATIONS

Speeds
• Level 1 (~4 mph)
• Level 2 (~20 mph)
• Level 3/DC Fast (~250 

mph)

Types
• J1772 (Level 1, 2)
• CCS (Level 3)
• CHAdeMO (Level 3)
• Tesla

https://afdc.energy.gov/stations/#/find/nearest
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• Zero emissions from the vehicle
• Fewer emissions from the “fuel” 

(~zero if electricity from renewables)
• Not subject to gas supply and price issues

Advantages of EVs

https://www.autoblog.com/article/best-electric-cars-suvs/

EV Relative Advantages to Governments
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Source:  The Global EV Outlook 2022
Published by the International Energy Agency (IEA)
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Source:  The Global EV Outlook 2022
Published by the International Energy Agency (IEA)

“In the United States, also a key EV market, the federal government
announced its first targets that include 50% EV sales by 2030 and
500 000 public chargers. The targets are underpinned by existing
incentives, and new funding packages of USD 7.5 billion to build
charging infrastructure and USD 3 billion for advanced battery 
supply chains in the Infrastructure Investment and Jobs Act.”
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• Need to finance and manage charging station networks
• Potential grid resiliency issues
• Disruption of markets (global competition)
• Disruption of supply chains (global competition and 

geopolitical issues), especially batteries

• Zero emissions from the vehicle
• Fewer emissions from the “fuel” 

(~zero if electricity from renewables)
• Not subject to gas supply and price issues

Advantages of EVs

Disadvantages of EVs
https://www.autoblog.com/article/best-electric-cars-suvs/

EV Relative Advantages to Governments
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Source:  The Global EV Outlook 2022
Published by the International Energy Agency (IEA)

But Sales Growth Varies across the Globe



17

• Relative advantages for the consumer

• Relative advantages for the region and state
•  State policies and programs

• Relative advantages for the nation
•  Federal policies and programs

•  Vehicle manufacturer plans

“Drivers” of EV Growth
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Source:  The Global EV Outlook 2022
Published by the International Energy Agency (IEA)



19

What ICEs have that EVs 
don’t have 
Gas tanks
Fuel pumps and lines
Starter motor
Combustion chambers and sparkplugs
Pistons and crankshafts
Engines with hundreds of moving parts
Multispeed transmissions
Radiators and hoses
Exhaust pipes and mufflers

What EVs have that ICEs 
don’t have
Large capacity battery
Electric motor
Power electronics
Charging port

https://afdc.energy.gov/vehicles/how-do-all-electric-cars-work
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• Air quality and vehicle noise levels will 
improve

• A lot more charging stations will 
needed:  public, work, home

• Fewer gas stations will be needed

• Fewer specialized auto service 
businesses:  oil changes, 
transmissions, mufflers…

• Daily load cycles on electrical grid may 
change

How will the Region be Different when EVs Dominate?
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Managing Supply Chain Changes due to EVs

“The rise of EVs poses a particular risk for auto suppliers. Major systems 
that are essential to vehicles with internal combustion engines are absent 
from EVs. Makers of exhaust systems, fuel systems, and transmissions face 
the prospect of disruption as EVs become more mainstream. Those lacking 
financial flexibility and digital wherewithal are likely to struggle the most. … 
OEMs and suppliers alike should start preparing for that future today.”
https://www.pwc.com/us/en/industries/industrial-products/library/electric-vehicles-supply-chain.html

“With fewer parts and lower mechanical complexity in their propulsion 
systems, EVs will significantly erode employment in the production of 
engines, transmissions, exhaust, and conventional fuel systems.”
United Auto Workers, “Taking the High Road.”
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• Avoid unemployment and empty manufacturing plants by helping ICE 
parts manufacturers transition to EV parts.

• Enable workforce retraining.

• Avoid unemployment and empty retail facilities by helping gas and auto 
service retail locations transition.

• Avoid lost vehicle sales to regions with greater EV selection by making 
auto dealers confident there will be sufficient charging stations.

How Can the Region Maximize Opportunities Associated 
with EVs?
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Workforce Retraining Needs
• Recap of EV’s differences

• No combustion
• Fewer moving parts
• More power electronics
• Heavy battery

• Educational/Training implications for

• Vehicle Design and Manufacturing
• Mechatronics (intersection of mech. and elect. eng.)
• Power Electronics (elect. eng.)
• Material science/engineering

• Vehicle Repair
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• EVs will come to dominate ICEs over the next two decades.

• EVs have compelling advantages over ICEs for drivers and governments.

• EVs have compelling disadvantages over ICEs for drivers and 
governments.

• ICE parts manufacturers and service providers must start transitioning 
to EVs soon.

• Workforce retraining will be an important part of the transition.

• We can do this Toledo!

Summary


