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Technology Adoption




Who wants to buy electric vehicles?

 Why do we care about learning about EV buyers?
« What populations of drivers are buying EVs—and who isn’t buying an
EV?
« How many more people will buy EVs as prices come down? Or as
range increases? Or as infrastructure becomes more available?

« What aspects of EVs should policy target? Technology? Infrastructure?
EV buyers? EV producers?




Diffusion and adoption theory

* This is a standard
technology adoption curve

« Consumers tend to adopt
technologies at different
rates

* The population of adopters
IS broken down into
categories that determine
the “first” to the “last” buyer
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Examples of technology adoption

* While not exactly the
same, many
technologies have
consistently followed
“S-shaped” adoption
curves

« Technology adoption
trends give us
confidence that
growth will happen,

it's just a question of

how fast/slow

Technology adoption by households in the United States

Technology adoption rates, measured as the percentage of households in the United States owning, or the adoption
rates of, a particular technology. See the sources tab for definitions of household adoption, or adoption rates, by
technology type.
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Electric vehicle adoption curve

* |n 2016, the
International Councill
on Clean
Transportation
released this figure,
helping to place

different regions on

the technology
diffusion curve

6 years later, where
are we now?
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Demographics




Who is buying EVs now?

-



Age of EV buyers (2019)

. <24 N 25-54 55-b4 =b5

BEY

PHEY

suy

Sedan

Conventional | Electric

Trucks

 Actually, not too different in age distribution, a larger proportion
of older buyers

* Note that the bins are not even! 25-54 is a very large age range




Income of EV buyers (2019)

B <550k BN 550k-575k $75k-599k s =5100k

Conventional | Electric

 Definitely substantially richer crowd buying EVs

* Much fewer at the lower end of the income spectrum buying
EVs
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Gender of EV buyers (2019)

Il Male
Female BEV 75%

PHEV 75%

suy 37%

ventional | Electric

Sedan 56%

o
o Trucks 86%

* Disproportionately higher number of males purchasing EVs
(only outpaced by gasoline trucks)

-
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Ethnicity of EV buyers (USA 2014,
CA 2018, Overall 2015)

B White 1;
. . UsA 7%
Hispanic -
Black ca 55%
Asian
[ ]
Other Overall 62%

 Large regional differences in ethnicity of buyers between
California and the rest of the country

« Across the US, disproportionately more white people purchase
EVs

-
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Education of EV buyers (2017)

BN Some high school/diploma BN Some college/2-year degree 4-year degree Graduate degree

* EV buyers tend to be more educated

* Note that many of the demographic factors are correlated, the
effects are not necessarily causal (i.e. buyers are not
purchasing EVs because they are highly educated)
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Number of vehicles in household
(2020)

I 1 More than or equal to 2

* With a new technology, and concerns about “range anxiety”,
having a backup car can be a critical factor!

-
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Political affiliation of EV owners
(2017

eeeeee t B [ndependent Republican Unaffiliated

PEV owners 37% 14%

« Ownership by political affiliation is [surprisingly?!] even across
major political parties

-
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Where are buyers located? (USA)

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
country’s roads as of the end of 2020.

U.S.ELECTRICVEHICLES
States ranked by light-duty all-electric vehicle registrations, 2020

| Il 100,000+ [l 50,000-99,999 20,000-49,999 10,000-19,999 2,000-9,999 <2,000

M California 425,300 Utah 11,230 District of Columbia 2,360
M Florida 58,160 Nevada 11,040 Idaho 2,300
B Texas 52,190 Hawaii 10,670 lowa 2,260
e s MAINE B Washington 50,520 Michigan 10,620 Vermont 2,230
: > L New York 32,590 Minnesota 10,380 Delaware 1,950
ORE. MINN. € N.H. New Jersey 30,420 Connecticut 9,040 Louisiana 1,950
IDAHO WIS. NY. IMASS. Arizona 28,770 Tennessee 7,810 Maine 1,920
WYO. MICH. F =Rl Illinois 26,000 Indiana 6,990 Nebraska 1,810
IOWA PENN. .. CONN. Colorado 24,670 Missouri 6,740 Rhode Island 1,580
OHIO N.J. Georgia 23,530 Wisconsin 6,310 Arkansas 1,330
UTAH ILL iND. wvadiBN Oregon 22,850 South Carolina 4,390 Alaska 940
COLO. MO ) VA. DEL. Massachusetts 21,010 Oklahoma 3,410 Montana 940
’ KY. Virginia 20,510 Kansas 3,130 Mississippi 780
TENN. NC Maryland 17,970 Alabama 2,890 West Virginia 600
ARIZ ARK. s.C. Pennsylvania 17,530 New Hampshire 2,690 South Dakota 410
i GA North Carolina 16,190 Kentucky 2,650 Wyoming 330
- ALA. . e Ohio 14,530 New Mexico 2,620 North Dakota 220
LA. ey

ALASKA

HAWAI

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

PAUL HORN / Inside Climate News
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Where are buyers located? (CA)

* The California Energy ANNUAL SALES

Sales through 2021 Sales in 2021 Sales in 2021

Commission tracks sales 1,054,095 250,279 2,016,192
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Registrations in Los Angeles (2017)

« Researchers often use
much higher resolution
data (figure from UCLA
report employing DMV
registration data)

« Even within a single (or
two) county, there is still
substantial variation in
where people are buying
EVs
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Income vs EV registrations in LA

Distribution of high-income households across LA
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Registrations in San Francisco Bay
Area (2018) S

* Per capita adoption of EVs tend to
hold up slightly better over time AT

* The Bay Area has NNy
disproportionately higher adoption M Yo
than many other regions in CA R RIS

« Within the Bay Area, the Silicon
Valley area has very high adoption

(San Jose, Sunnyvale, Mountain /oy
View, Palo Alto, etc) PR
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How big is the potential buyer market?

50%
41% 40%
40%
]
27%
:agc- 30% 259%
o
o 20%
2 20% 17%
10% 8% 9%
il =z =:
0% . -
Have not--and Have not Idea occurred, but Started to gather Actively shopped | (we) already
would not--  considered buying no real steps information but for BEVs (PHEVs) have, or have had,
consider buying a a BEV (PHEV), but taken not serious a BEV (PHEV)

BEV (PHEV) maybe some day

m PHEV Consideration  m BEV Consideration

Figure 2. ‘Have you considered buying a BEV for your household?” and ‘Have you considered buying a PHEV for your household?’
(n = 847).

« Survey of the _
Sacramento area In
2020

* The majority of
consumers (~60%)
aren’t thinking about
EVs, ar%uably as high
as 85-90%!

« Other areas may be
different, maybe
higher consideration
In other counties...but
sor|r|1e maybe lower as
we
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Knowledge and Awareness
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How much does the public know
about electric vehicles?

PHEV Naming

Right, Toyota Prius [ 38%
Right, Chevrolet Volt [N 21%
Right, Other [l 8%
Wrong [N 33%
No NN 65%

0% 20% 40% 60% 80%
Percentage

BEV Naming

Right, Tesla [N 30%
Right, Nissan Leaf [N 16%
Right, Chevrolet Bolt B 3%
Right, Other I 1%
Maybe Right = 0%
Wrong I (8%
No I 32%

0% 10% 20% 30% 40%
Percentage

Figure 5. Whether survey takers were able to name a PHEV for sale in the USA (left), and whether they can name a BEV (right)

(n = 887).
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Is the public aware of incentives?

State Governments 54%
California State Government 47%
Federal Government 46% 30% 26%

Parking Incentives

46% 25% 23%
Electric Utilitics s — 33, 2, 20% 15% 17%
o
.| b=
SMUD 2?% § 15% 13%
AQMD I 5% o
Q 0 3 10%
City Governments | 9%

5% 3%
Sacramento Government I 6% -
0 1 2 4 5

0%
0% 10% 20% 30% 40% 50% 60% 3
Percentage Number of Incentives Aware of
Figure 6. Percentage of respondents reporting that the mentioned government entity or agency is offering incentives for PEVs and Figure 7. Count of number of incentives respondents report being aware of (n = 847).

whether parking incentives are available (parking incentives was asked in a sperate question since they are not offered by one single
entity) (n = 847).

* There are very substantial monetary (and non-monetary)
Incentives that are available for buying an EV

* To what extent are buyers aware of these incentives? (perhaps
igher adoption if people knew about them!)
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Increasing EV awareness (2017)

 What have stakeholders
done to increase
knowledge of all things
related to electric
vehicles?

« ICCT shows a qualitative
table of efforts in different
regions throughout the
world

* What lessons can be
learned amongst different
regions’ efforts?

Public Regional 4 n o
Information and tools events Exposure to EVs from fleets planning .g = =
u o
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o ] @ ] = E| © @ c
£ " o 2 @ 2 |oal|l = @ @
o u = = o w |€0| € £ @
= c =] I bt - o = c T o o o
8 8|3 = |z 2| 8] ¢ |cgl 8|58/ ¢
E|l 2| 5 5| 2| o ~| & | & £l 5| 8|25 2| 5| &
o ] o L = I} . = ~ a8 & = m m=| o . 7]
c o ° n " o 5] ] @ ol = ] ® » | ScE| £ & -
- E = o - - = @ E = = E t=] @ o m 3 E
s | e | o | 2| | 2| 3| =|E| 5| 5| € 2 | E | BE| m S
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o =t - s - @ [7] = o w = o oy S £ — o o
cs| 8|2 | 8|38 |2|>|2|3a|5|§5|3|5|5|5!3¢e| 8| %] s
Region o |l o|lal|l |2 | eg|lb|lald|lo|]o| ||| o0 |2fal<|a| 0O
Germany x x X X X X x X X X X x X x x X
Netherlands X X X * X x * * b4 X X X X
Norway x X X X X X X x x x X
United x |ox | ox | x| x| x| x| x| x| x| x X | x | x | x
Kingdom
California x X X X X x X X X X X X x X X x X X
Oregon x X X X X X X X X X X x X X x X X
MNortheast
U.S. States x X X X X X X X X X x x X X x X
British X | x [ x| x| x| x| x| x| x| x| x| x| x|x]| x| x| x| x| x
Columbia
Québec x X X x x x X x x x X x X X X x X X X
Beijing X * * X X
Shanghai x X X X X # x




Consumer preferences
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Measuring consumer preferences

« What factors influence purchasing decisions?
* |s it something about the vehicle/technology?
* |s it the avallability of infrastructure?
* |s it something about the individual?
 What is the relative value of these attributes?

« Can we “quantify” these preferences?

* How might purchasing decisions change as these factors are
altered?
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Stated versus revealed preference

« Stated preference — survey-based technique that directly asks
subject how they value something

* Pros: better suited to analyze hypothetical scenarios (e.g. if a
technology is not widely available); can directly ask about preferences

« Cons: individuals might not behave Iin reality based on what they say

* Revealed preference — method of analyzing behavior based on
actual behavior of individuals

* Pros: behavior is grounded in reality since they are based on actual
decisions that are already made

« Cons: often much harder to obtain data, can also be tricky to elicit
preferences due to confounding factors
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Choice modelling

« Suppose you want to buy a car, and you are deciding between
the following options:

Tesla Model 3

Mustang Mach E
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Choice modelling

This is known as the choice set

Tesla Model 3

Mustang Mach E




The objective of this work is to attempt to
understand what it is about a particular choice

ChOIce mOdelllng that led a consumer to choose it.

Is it the price of the car? The
size? The brand? The fuel
efficiency? All of the above?

This analysis can be very
complex!

Tesla Model 3

Toyota Camry

Mustang Mach E

31



Survey methods (stated preference)

* With surveys, you can simply ask consumers directly why they
make certain decisions

* Lots of tricky considerations in surveys:
* How representative is the surveyed population?
« Are you influencing the answer by asking questions in a certain way?
« How do you know respondents are answering truthfully?
 Are you asking the right questions to capture all nuances of decision
making?
* Despite the difficulty of conducting a survey “correctly”, it can be
a powerful tool to elicit information that would be very hard to
otherwise measure
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Most important purchasing factors

How do the following factors influence whether or not you
would consider an electric vehicle for your next vehicle purchase?

900 -
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o [ ol i ol e

el ol M il
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1 I
Prev exp Prev exp Feedback Fuel Government Reduce Reduce Interest in
driving driving carshare (frnds,fam) savings incentives CO2 footprint pollution new tech
p=9.97e-4 p=3.07e-3 p=0.501 p=1.26e-6 p=2.14e-3 p=1.28e-5 p=1.06e-5 p=8.89e-8
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Identifying consumers by lifestyle,
values, and attitudes

Table 7
Comparing lifestyle-based segments by charactenistics (n = 1744).
Potential early mainstream PEV buyers (n — 634) Other (n = 1120
Pro-environmental PEV segments Mon-environment PEV segments Designed HEV  Designed CV
. : o i } N (n=708) (n=412)
Variable Strong lech-envire  Concerned  Techie Open Unengaged
m=107) (n=74) Mm=119) (n=106) (n=112] (n=116)
Lifestyle, values and attitudes
Environment-oriented lifestyle (mean score, 0 to 25)%** 172 183 123 12.1 11.2 10.1 121 11.5
Technology-oriented lifestyle (mean score, 0 to 25)*** 16.0 18.0 102 173 133 109 131 12.4
Lifestyle liminality (mean score, — 16 to + 16)*** 59 1.2 —16 —10 53 —24 05 —0.7
Environmental concern ( MNEP score, — 16 to + 16)*** 11.5 23 11 6.2 38 21 54 42
Biospheric values (mean score, 0 to 12)*** 112 9.5 1001 a1 89 749 91 a0
Climate change is “serious problem.” (&)*** 682 405 b4 311 214 129 299 243
Air pollution is “serious problem.” (%)*** 673 473 1.4 BV 339 26.7 379 325

* This study classifies consumers into 6 “clusters” of potential
purchasers based on attitudes/values determined from a survey

» Within the hierarchy of environmental vs non-environmental
potential PEV buyers, there are each 3 further divisions of each

group
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Conjoint Example (stated preference)

If you were in the market for your next vehicle and these were the only alternatives,
which would you choose?

Brand:

Type:

Engine:

Price:

Ford

SUV

V6, 3.6 liter

$36,599

Chevy

Truck

V8, 5.7 liter

$42,999

Select

Ford

Truck

V8, 4.2 liter

542,999

Select

Dodge

Truck

V8, 4.8 liter

$45,999

Select
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Conjoint Example (stated preference)

* If you ask this question many times to
many people, and you randomize the
If you were in the market for your next vehicle and these were the only alternatives, a’ttrlbu eS’ you Can flgure OUt hOW mUCh
people value each attribute

* | can figure out how much you are
willing to pay for a “Ford” vs a “Dodge

* This is a great technigue to ask about
technologies that might not even exist
yet or have no data! (e.g. electric
eeeeeeeeeeeeeeeeee pICkUp trUCkS)

« Drawbacks? Will people answer
truthfully? Or even if they answer
“truthfully”, is that how they would
behave when faced with the decision In
the real world?

Brand: Ford Chevy Ford Dodge

Price: $36,599 $42,999 $42,999 $45,999
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Conjoint example results

* The "Average” column essentially T ey it
indicates the relative “importance” of a Pars-iesitey

Factor Level Standard

factor at a specific level

Range )
(miles) 50

* The “utility” of a vehicle range 7
Increases most from 30 to 50 miles, 70 otes w45
miles is still “good” but its utility bty et
Increase is marginal

* The purchase cost is "best” at the
lowest price s raio

- ...all from a conjoint analysis e
conducted in 1982! (long before EVs o
were on the market...) Foottaen 10,00

13,000
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m
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m
m

Battery Recharge
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Econometric approaches (revealed preference)

* Instead of asking people how
they would behave, we examine
salés data (they’ve already
made their choice)

« How can we correlate and
identify factors that led to these
decisions?

* Variables include:

« Macro-factors: GDP (economic
strength), unemployment, gas

=
=
1

4]

Montly Registrations (thousands)

prices 7
 Vehicle specific attributes
* Determining causality relies on : ’  woths (starting Jon 2010)
differences In space and time
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Econometric example results

Regression results on Log(Registrations).

(1) 2) (3) (4) (5) (6]
General Model Enowledge Model LDV Model

Tax credit ($1000) 0.044177 (4.94) 0.0259° " (3.83) - 0.00891° (2.6) 0.0125 7 (4.38)
Tax credit’ Knowledge - 3.23e-08" (3.87) - -
HOV Access HOV Density 0.000912\ (3.12) 0.000473° (2.42) 0.000562° (2.56) — 0.0000689" (2.49) — 0.0000301 (0.88)
EVSE credit ($1000) — 0,101 (—\_83) 0.0196 (0.72) — 0.0334 (—0.90) — 0.00654 (—0.57) —0.0321° (—2.04)
Llog(R . - - - - 0.760" (26.45) 0.75177 (24.786)
Constant 1086 " (10.32) — 0.148 (—0.21) - - - -
- v v
v v v v
v v v v v
= All article count All articke count L(2-4). R L2-4). R
_ 8.001 8.901 5.317 5.603
_ 0.00445 0.00271 0.0701 0.0607
0.0116 0.0182 0.0502 0.112 0.129
18,644 18,473 18,473 11,296 11,206
t statistics in pareytheses.
* p < 0.05.
- g o We can estimate the effect of
. ' ' ' ' Consumer knowledge of incentives
We know that the attributes of the monetary mcentlve-s on Increasing . . _g
sales (every $1000 increases sales can increase its efficacy

vehicle play an important role in

consumers’ decision making by ~4%)
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Econometric examples continued

Table 5
Results A — EV registrations and @charging capacity (= abundance effect).

Dep. var.: AEV ABEV APHEV
(1) (2) (3) (4 (=) (&)
CS-augmented no yes no yes no yes
Long-run
@ charg. capacity (Ca) 0.03+ 0.16"™" 0.024 0.20""" 0.0Z4+
(= abundance) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Error-correction term —0.3%°* —0.56""* —0.48*" - 057" —0.427* -0.627"
fD.t'rl})\ (0.01) (0.01) (0.01) (0.01) (0.01)
Short-run
LAEV -0.30"" —0.24** - 0207 -0.28"* ~0.167"
(0.01) (0.01) (0.01) (0.01) (0.01)
[2AEV -0.127* —0.07** —0.067 —-0.16""* —0.10"*"
(0.01) (0.01) (0.01) (0.01) (0.01)
AC, —0.05++ —0.02 0.01 —0.04%* -0.00
(0.02) (0.01) (0.01) (0.01) (0.01)
LAC, —0.08"" —0.06"" —0.03+ —0.04** -0.01
(0.02) (0.01) (0.01) (0.01) {0.01)
12.4C, -0.07"" —0.05** - 0.02 —0.03""* -0.00
(0.02) (0.01) (0.01) (0.01) (0.01)

As the abundance of stations increases, the corresponding
number of EV registrations also increases (every 3 stations
leads to about 1 extra EV adopted)




What’s changed over time for buyers?

BEV 2011 Model BEV 2017 Model
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Fig. 4. R-Squared Decomposition Values (in Percentage of Explained Variation of the Dependent Variable) and 90% Confidence Intervals (in red).

MNotes: Confidence intervals obtained from bootstrapping with 2000 repetitions. Graphs are associate with the Table 2 regression results. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Consumer preference takeaways

* Don’t worry about the specific effects and numbers from a
single study: often disagreements about effects but scientific
consensus

* Lots of factors influence vehicle adoption, these studies help to
guantify these effects and identify the most important ones to
consider—essential for stakeholders (think policymakers,
automakers, etc)
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