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The first electric vehicle

• 1828 – Anyos Jedlik, first electric 
vehicle

• EVs fairly popular in the late 1800s, 
early 1900s

• Advantage over gasoline diminished 
by the invention of the electric starter

• First gasoline car wasn’t invented 
until 1870 by Siegfried Marcus (the 
“Marcus car”)
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The first “modern” electric vehicle

• General Motors produced the EV1 
from 1996 to 1999, the first mass-
produced electric vehicle

• Earlier versions used 16.5-18.7 
kWh lead-acid batteries (55 mi), 
later versions used a 26.4 kWh 
nickel metal hydride batteries (105 
mi)

• Only available through leases, 
crushed upon takeback by GM—
“self-sabotage”?!

• “Who Killed the Electric Car?”
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Revenge of the electric car

• The first* EV to hit the 
market was the Tesla 
Roadster (1st gen: 2008 to 
2012)

• Built on the Lotus Elise 
chassis

• First EV sold to use lithium-
ion batteries, 53 kWh pack 
(244 mi)
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The first “commercial” electric 
vehicle

• In December 2010 and 
January of 2011, the first two 
commercial markets for 
mainstream consumers 
entered the market

• Representing PHEVs: the 
Chevrolet Volt, a ~40-mile 
range vehicle

• Representing BEVs: the 
Nissan Leaf, a ~80-mile range 
vehicle
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Electric vehicle market growth since 
2011
• EVs have experienced 

steady growth over the 
last decade

• For reference, the US 
currently sells ~16m 
passenger vehicles 
annually

• Lots of concern over 
stagnant growth in 2019 
and 2020 but 2021 
returned to substantial 
growth
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A sigh of relief for EVs: 2021
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Sales by vehicle model
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Vehicle supply shortages

• During the early stages of the 
pandemic, automakers canceled orders 
for semiconductors

• Getting access to semiconductors has 
since been difficult since they were 
reallocated to other consumer 
electronics

• As a result, many automakers have had 
to stop or limit production of new cars

• Shortages may not end until 2023!
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EVs by vehicle segment/class

• Earliest EVs tended 
to be in smaller 
vehicle segments

• Increasing segment 
availability helps 
appeal to a broader 
base of customers

• # of cars is 
increasing but so is 
diversity in segment, 
particularly in larger 
vehicle classes
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Trends in range and battery sizes

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Chevrolet Volt
PHEV

16 kWh/35 mi

Nissan Leaf
BEV

24 kWh/73 mi

Nissan Leaf
BEV

40 kWh/151 mi

Kia Niro EV
BEV

39.2 kWh/179 mi
64 kWh/283 mi

Jaguar i-Pace
BEV

90 kWh/246 mi

Toyota Prius Prime
PHEV

8.8 kWh/25 mi

Toyota Prius PHEV
PHEV

4.4 kWh/14 mi

Ford Focus Electric
BEV

23 kWh/76 mi

Ford C-Max Energi
PHEV

7.6 kWh/20 mi

BMW i3
BEV

18.2 kWh/81 mi

Kia Soul EV
BEV

30.5 kWh/93 mi

Chevrolet Volt
PHEV

18.4 kWh/53 mi

Tesla Model 3
BEV

54 kWh/220 mi
82 kWh/353 mi

Porsche Taycan
BEV

79.2 kWh/201 mi

Chevrolet Bolt
BEV

60 kWh/238 mi

Audi e-Tron
BEV

95 kWh/222 mi
Tesla Model Y

BEV
75 kWh/326 mi

Mustang Mach-e
BEV

68 kWh/211 mi
88 kWh/300 mi

Lucid Air
BEV

113 kWh/520 mi

Note:
• Many models upgrade batteries/range between generations (not reflected)
• Many models have additional configurations, not all are shown
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Trends in range and battery sizes 
(sales-weighted)

• Both the average battery size and vehicle range have 
increased over time for BEVs, but the trend has been 
relatively flat for PHEVs

• Much of the gain in BEVs is due to longer-range Teslas
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Tesla dominance

• Luxury vehicles (Model S and X) have relatively lower sales

• Model 3 and Y each rival the entire volume of other EVs 
combined
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Automaker announcements and pledges

2020 2025 2030 2035 2040 2045 2050

2020 2025 2030 2035 2040 2045 2050

2020 2025 2030 2035 2040 2045 2050

EV Targets

Funding Commitments

Carbon Neutrality

$3.5B 
annually

$86B

$7.4B

$22B

$35B

$47B

100%

2M

50% 100%
79% EU
50% US

50%

100%

8M

No commitments

All for new

100%
100%

100%

100% EU

$17.6B

50% EU
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California versus the US

• US share is ~3% EVs, 
CA share is ~10% EVs

• California has been 
consistently selling 
about half of all EVs in 
the US over the last 
decade

• What are the reasons 
for CA’s success with 
EVs?
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EVs in other states of the US
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The Norwegian EV market (highest 
share of new sales)
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The Chinese EV market (sells the 
most in absolute amounts)
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Getting EVs into everyone’s hands

• 4% of the households are 

responsible for almost one 

third of the market in 2010-

2012

• Up to 15% of PEV buyers 

are on their second PEV
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Used Vehicle Market

• Unfortunately, not much is known about the used vehicle market 
in comparison to new vehicles being sold

• While some used vehicles are tracked in similar channels to 
new cars, some avenues are much harder to track:

• Craigslist, Facebook, eBay, etc.

• This is currently a rich area of study as we move out of the 
early-adopters stage and researchers seek to understand how 
EVs may trickle down to broader populations through the used 
vehicle market
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Leasing vehicles and the used 
market

• Leases are an alternative to 
buying a vehicle, instead you 
“rent” the vehicle for 2-3 years

• For EVs, leases are an 
especially attractive 
proposition that allows 
consumers who may be less 
confident in the technology to 
“try it out” first

• After a lease, the owner can 
choose to buy the vehicle, 
otherwise it goes back to the 
dealership to enter the market 
as a used car
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Residual values and EVs
• Residual values describes 

the “leftover” value of the 
vehicle after a lease-
term—it also acts proxies 
for how attractive a vehicle 
is on the used market

• EVs have an artificially low 
residual value due to 
incentives

• Consider the 2012 Volt in 
2015 (after 3-year lease)

• Before incentives, the 
residual value is 46%

• Accounting for incentives 
the residual value is 56%
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EVs: Equity and access

• Technology shifts to address climate change are important, but 
if we force everyone to buy an EV, this could place financial 
burdens and/or be completely untenable for some people!

• Some barriers facing disadvantaged communities:
• Higher upfront costs of vehicle purchase

• Access to home charging infrastructure (apartments vs homes)

• Access to public charging infrastructure

• Availability of vehicles in local dealerships

• Lack of knowledge and familiarity with new technology
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Does policy support help?

• While buyers of used vehicles tend to have lower income, 
early stages of the EV market indicate that used buyers 
are still very wealthy!
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Accessibility for lower-income EV 
owners
• Many EV chargers can 

only be accessed through 
memberships and smart 
phone app access

• Regulatory pressure has 
led to requirements by 
charging providers to 
include credit card readers 
(bypassing smart phone 
requirements)


