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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-
noroduced electric vehicle

 Earlier versions used 16.5-18.7

KWh lead-acid batteries (55 mi),

ater versions used a 26.4 kWh
ni(_:)kel metal hydride batteries (105
mi

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

* “Who Killed the Electric Car?”




Revenge of the electric car

* The first* EV to hit the -
market was the Tesla
Roadster (15t gen: 2008 to
2012)

* Built on the Lotus Elise
chassis

* First EV sold to use lithium-
lon 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 PHEVSs: the
Chevrolet Volt, a ~40-mile
range vehicle

* Representing BEVs: the
Nissan Leaf, a ~80-mile range

I vehicle




Electric vehicle market growth since
2011 VELOZ

EVS have eXperlenCGd Electric Vehicle Sales in California and the U.S.
steady growth over the e -
last decade pon | | G || g
* For reference, the US || et s A——
currently sells ~16m m e et |
passenger vehicles g o / | s 3

annually 3 oo

e Lots of concern over 5o
stagnant growth in 2019 . "H
and 2020 but 2021 Hm”
returned to substantial 0 : ”H””H”H” | 250000
growth

0 === T T ——— 0
g 2 2 9 8 39 383 3 3 8484 8 2 558383328 8 H
NNNNNNNNNNNNNNNNNNNNNN
dddddddddddddddddddddd
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A sigh of relief for EVs: 2021

EV Sales Data (January 2020 to December 2021)
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71K
70K - 6%
60K -
50K >
=
45K 4%DI
=
” =)
8 a0k =
& 35K 36'(‘ o <
@ i 31K o
30K aadl =
v
295 &
20K
1%
) IIIIII |
2 3 Tt 522 3%5 3833
E E S < 2 2 ° 2 E 8 E E
s o p= 2: o T o o
> (@] = O > (U]
(@] () Q. () (0]
Zz O 2 Zz O

2020 2021




ales by

vehicle model

BEV

PHEV
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Annual Sales by Make (thousands)
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Cadillac
Chevrolet
Chrysler
Ferrari
Fiat
Fisker
Ford
Honda
Hyundai
Jaguar
Jeep
Karma

Kia

Land Rover
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Lincoln
Lucid
Mercedes
Mini
Mitsubishi
Nissan
Polestar
Porsche
Rivian
Smart
Subaru
Tesla
Think
Toyota
Volvo

VW



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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A KEN GARFF DEALERSHIP

Stock: 28982
VIN: JTEFU5JR4N5257550

o unner
Color: Midnight Black
Trim: SR5Premium
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Dealer Installed Options

Theft Patrol $995.00
Stolen Vehicle Recovery
GPS System
www.AMSTheftPatrol.com

Perma Plate $795.00
Interior/Exterior
Apperance Protection

Market Price Adjustment $10,000.00

Mobile Clear Shield Package $395.00

IR $56,901.00
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EVs by vehicle segment/class

« Earliest EVs tended

to be in smaller
vehicle segments Class
* Increasing segment (| = N

availability helps
appeal to a broader
base of customers

+ # of cars is | 4 a1
Increasing but so is

=== Minivan
diversity in segment, L i E ’ >
partlcularly N Iarger yARND V44 AN Standard Pickup

ve h |C|e CIaSSES 2010 2013 2016 2019 2010 2013 2016 2019

Year

=== Sybcompact
=== Compact

== |\lidsize

Count of Vehicle Models
by Class
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Trends Iin range and battery sizes

Tesla Model 3
Ford Focus Electric Chevrolet Volt BEV Porsche Taycan
BEV PHEV 54 kWh/220 mi BEV

Chevrolet Volt e NP> %

PHEV ] 4 Ford C-Max Energi BMW i3 Kia Soul EV J Audie-Tron
16 kWh/35 mi ' PHEV BEV kBE}Y . BEV ) Tesla Model Y
7.6 kWh/20 mi 18.2kwh/81mi 302 kW /93 mi Chevrolet Bolt 95 kWh/222 mi BEV
" - ) — _—

(' ) BEV
60 kWh/238.a

T <MV 75kWh/326 mi
. e 4 v &
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. . Nissan Leaf Mustang Mach-e Lucid Air
) . Toyota Prius Prime P
NISSSEVLeaf TOYOtaPT-lrilili/s S PHEV 40 kWBhE/\Z/lSl mi = - - 68 kWBhE/\gll i 113 kV\EjE>/520 i
24 kWh/73 mi 4.4 KWh/14 mi 8.8 kWh/25 mi W 88 kWh/300 mi
Jaguar i-Pace
N . L — BEV
ote: LB o (\\h/246 mi
a7 '

* Many models upgrade batteries/range between generations (not reflected) i 2 g,@

*  Many models have additional configurations, not all are shown pr—y
la NIro

BEV
39.2 kWh/179 mi 11
64 kWh/283 mi



Trends Iin range and battery sizes

|
sales-weignte
BEV PHEV BEV PHEV
80 -
~ 300+ 154
=300 =
< 30+ S
\x_/ 4
o & 60
= ]
= N
m —
Y w
o 200+ = 104
£ 201 Q
® T 40
w o
E
_'5)100- 10 =l 5
(] 1 g 20+
z &
3 o
© ©
A ]
04 0+ 04 0+
2010 2013 2016 2019 2010 2013 2016 2019 2010 2013 2016 2019 2010 2013 2016 2019
Year Year

* Both the average battery size and vehicle range have
Increased over time for BEVS, but the trend has been
relatively flat for PHEVsS

 Much of the gain in BEVs Is due to longer-range Teslas
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Tesla dominance
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Tesla.byModel
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100+ Other

Annual Sales (thousands)
3

Annual Sales (thousands)

Roadster

2010 2013 2016 2019 2010 2013 2016 2019
Year Year

 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
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California versus the US
VELOZ

e US share is ~3% EVSs,
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?

Electric Vehicle Sales in California and the U.S.
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National Sales:
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Note: CA sales are 39% of national sales.
Data Source: California Energy Commission (2021).
Retrieved October 30, 2021 from http://www.energy.ca.gov/zevstats

Q3 2021 Data Update.

16



EVs in other states of the US

California Dominates with EV Registrations

California remains far out in front as the state with the most electric vehicle registrations,
accounting for 42 percent of the 1.02 million light-duty all-electric vehicles on the

I 100,000+ [ 50,000-99,999 20,000-49,999

10,000-19,999

2,000-9,999  <2,000 |

M California 425,300 Utah

M Florida 58,160 Nevada

M Texas 52,190 Hawaii

B Washington 50,520 Michigan
New York 32,590 Minnesota
New Jersey 30,420 Connecticut
Arizona 28,770 Tennessee
lllinois 26,000 Indiana
Colorado 24,670 Missouri
Georgia 23,530 Wisconsin
Oregon 22,850 South Carolina
Massachusetts 21,010 Oklahoma
Virginia 20,510 Kansas
Maryland 17,970 Alabama
Pennsylvania 17,530 New Hampshire
North Carolina 16,190 Kentucky
Ohio 14,530 New Mexico

SOURCE: U.S. Department of Energy Alternative Fuels Data Center

11,230
11,040
10,670
10,620
10,380
9,040
7,810
6,990
6,740
6,310
4,390
3,410
3,130
2,890
2,690
2,650
2,620

District of Columbia 2,360

Idaho 2,300
lowa 2,260
Vermont 2,230
Delaware 1,950
Louisiana 1,950
Maine 1,920
Nebraska 1,810
Rhode Island 1,580
Arkansas 1,330
Alaska 940
Montana 940
Mississippi 780
West Virginia 600
South Dakota 410
Wyoming 330
North Dakota 220

PAUL HORN / Inside Climate News

country’s roads as of the end of 2020.

U.S.ELECTRICVEHICLES

States ranked by light-duty all-electric vehicle registrations, 2020
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The Norwegian EV market (highest

share of new sales)
Norway new car sales

Years 2011-2020 in percentage of market per car type

Electric @ Plug-in hybrid @Non-plug hybrid ® Petrol only @ Diesel only

2011 20.1 5.7
2012
2013
2014 12,5
2015 171
2016 [15.7
2017 (209
2018 31.2
2019 424
2020 [54

Source: Norwegian Road Federation (OFV)



The Chinese EV market (sells the
most in absolute amounts)

4,2%
GLOBAL PLUG-IN VEHICLE MARKETS 2020 total
BEV & PHEV - Light Vehicles 3,24 M
3 500 000 Other 298k
Canada 47k
............... gelgiurm 48k
3 000 000 South Korea 52k

ltaly 61k

MNetherlands 90k
2 500 000 Sweden 96k
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— Norway 108k
; ] UK 181k
2000000 : France 194k
USA 328k
1. 500000 Germany 398k
1 000 000
PEV share — China 133?'(
500 000 l
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Y-O-Y Growth  +67% +55% +69% +46% +59% +65% +9%  +43% EV VOLUMES



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

7% of HH
purchased 2+ cars

or 35% of the new
cars

27% purchased 1 car

or 65% of the new car
purchases

66% of the households did not
purchase a new car in the last 5 years
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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  Borrowed Wheels |
rent he Vehlcle for 2_3 years When it comes to plug-in vehicles, most drivers lease, rather than buy.

B All vehicles BMW i3 [ Ford C-Max Energi Chevrolet Bolt EV [ Nissan Leaf

* For EVs, leases are an o
especially attractive
proposition that allows N
consumers who may be less y T e
confident in the technology to A "
“try it out” first e 2078 mose T TN, 0

 After a lease, the owner can Dec

choose to buy the vehicle, il

otherwise it goes back to the RN Bloomberg
dealership to enter the market

as a used car

e penetration

80
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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 venhicle
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%

$50,000
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522,750
1,576

541,000
9,147

528,000

£26,643
4,672
5188‘3

537,227

v 0232789
232

000

536,171
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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
 Avalilability of vehicles in local dealerships
 Lack of knowledge and familiarity with new technology
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Does policy support help?
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* 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 smairt
phone app access

* Requlatory pressure has .
ed to requirements by 2=
charging providers to
Include credit card readers
(bypassing smart phone
requirements)
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