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What we do at START

« Explore technical, social, and policy aspects
of sustainable transportation, including:

— Zero-emissions vehicles (plug-in electric and
hydrogen fuel cell vehicles)

— Autonomous vehicles (upcoming)
» Assess four themes using:

1. Surveys OWSCAIBON “and
_y transport infrasirrlucture

2. Interviews

3. Modeling

4,

transport
systems
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policy



START outputs

Canada’s ZEV 4 ‘ »,  integration using a behaviourally realistic model
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Original research article

Confusion of innovations: Mainstream consumer perceptions and
misperceptions of electric-drive vehicles and charging programs in
Canada

onn Axsen, Brad Langman, Suzanne Goldberg*




A focus on ‘mainstream’ buyers

ZEV “Pioneers” (< 1%)

Potential
“Early Mainstream”
ZEV buyers (~25%)

Passenger Vehicle Owners



What is ‘demand’?

* Actual demand: ZEV market share (< 1%
total sales across Canada)

« Latent demand: “demand for a product or
service that a consumer cannot satisfy
because... the product or service is not
available, or because they do not know that it
IS available.”

* Q1: What is the latent demand for ZEVs?

* Q2: How can policy push sales towards latent
demand?



CANADIAN ZERO-EMISSIONS
VEHICLES SURVEY (CZEVS)



Canadian Zero-Emissions Vehicle
Survey (CZEVS) overview

: Consumer
Background survey > Consumer learning oreference survey

* Household info. ||+ “Buyer’s Guide” | |+ Design exercises
* Vehicle info. * Vehicle  Stated choice

« ZEV awareness technologies experiment
 Charger access ||+ Recharging/ * Perceptions of
 Lifestyle, values, refueling ZEVs

and attitudes
Demographics

« Purchase intention|




Recharge!/ | Destination | Fast Eﬂbﬂfﬂiﬂﬂ or Purchase price
refuel ime | recharging | Hp refueling access & incentive

Level 2

Vehicle type

$50000 _
750 km gasoline 5 min. - - STSSF - Conventional

A conventional 50000

RAM 1500 4X4 FFV

| S57500 .
750 km gasoline 5 min. - ] 5;1391-;+ -$C ybri

A hybrid $57500
RAM 1500 4X4 FFV

a Home:
) $70000
First 11l.‘_l km 48 hrs 1in10 At_rest stops $30/ S Plug-in hybrid
electricf S (every 50 km) on all e -
690 km gasoline Work major highways ' _S?[muu

A plug-in hybrid 8 hrs
RAM 1500 4X4 FFV

& Home:
m dohrs 1in 10 At rest stops §50 / R Eleciric
140 km electric destinations (every 50 km) on all week

Work: major highways
A electric only 7.5 hrs $65000
RAM 1500 4X4 FFV

I:i\ $55000
) . 1in 25 $115/ 55000 Hydrogen
600 km hydrogen 5 min. ’ gas stations week -

$50000

A hydrogen fuel cell
RAM 1500 4X4 FFV




Canada-wide sample (n = 2,123)
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KNOWLEDGE & AWARENESS



“Awareness” of models Is increasing

“I have heard of this...”

100% - 96% —
0

2 gow | (8% 75%
% m Toyota
S 60% - Prius
T3 = Chevy Volt
x 40% -
©
S 20% -

0% -
2013 2017
Year



And so Is awareness of public chargers

“Have you seen any electric vehicle recharge stations
at the parking spots or spaces you use?”

70% -
60% - 57% ® Has seen at least
one charger

m Has seen at least
2 chargers

50% A
40% -

0 -
30% 2904
20%

. 6%
0% -

10%
2013 2017
Year

% of respondents




But knowledge is still low...

Toyota Prius
(Hybrid)

Chevrolet Volt
(PHEV)

Tesla Model S
(BEV)

Nissan Leaf
(BEV)

Hyundai Tucson

Fuel Cell
(HFCV)

Gas 0
EIectricity= 10% <—Correct
Gas & electricity |

“How would
Hydrogen ||}

| don't know I you fuel this

Gas B . b
Electricity R vehicle?
Gas & electricity [ NNNTGG__ 230, < Correct
Hydrogen |
| don’t know

Gas |}
Electricity NI 1 3%, <— Correct
Gas & electricity [ NG
Hydrogen
I don’t know [EER—

Gas |
Electricity INEEIGG 2 6% <+— Correct
Gas & electricity [ NN
Hydrogen [l
I don’t know [

Gas |}
Electricity [ N

Gas & electricity | NG
Hydrogen IRNREG—_GGEE 169, Correct

| don’t know

0% 20% 40% 60% 80%
% of respondents




CONSUMER PREFERENCE
SEGMENTS



Characterizing potential early

mainstream ZEV buyers

ZEV-curious PHEV-oriented ‘. = Altruistic values
21% 22% €3 = Environmental concern

oM = Environmental-oriented

o9 @ o9 @ & = Higher education
% = Younger age
ie it g @ (® = Higher income

Willingness-to-pay for ZEVs




POLICY SIMULATIONS



Percentage of total respondents

choosing each ZEV type

Incentives are more important to latent

demand than infrastructure

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

1) Base 2) Subsidy 3) Subsidy & 4) Full ZEV ~ 5) HFCV
only chargers push push only

Source: Kormos, Axsen, Goldberg, & Long (Revise & Resubmit), Transportation Research - D
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ACCOUNTING FOR REAL-
WORLD CONSTRAINTS



REPAC Model: REspondent-based

Preference And Constraints

Unconstrained ZEV Dealership Model Constrained
Demand familiarity availability variety Demand

Source: Amy Miele, Masters Candidate, START, School of Resource and Environmental Management



REPAC results: 2017 market share

under various constraints

L

U
N\

R OO

Current latent demand [ Y | 24%
Only model variety constraint _ o
applied 11% M PHEVs
Only familiarity constraint
e ieq M |5, m BEVs
Only dealership constraint 0
applied B | 5% ® HFCVs
Current constrained demand [ | 0.7%
0% 10% 20% 30%

Market share (% of vehicle sales)

Source: Amy Miele, Masters Candidate, START, School of Resource and Environmental Management



Canada’s ZEV targets

« Government of Canada has committed to 30% of new
vehicle sales being electric by 2030

- But Canada is not on track to meet adoption targets

« Current policies could result in new ZEV market share
between 9%-17% by 2040

« Federal ZEV Strategy in the works

- ZEV Policy Handbook rated policies on 5 criteria:
1. Effectiveness (market share using REPAC)

2. Cost effectiveness (by government) = €

3. Public support ggﬂggmﬁmk | ==
4. Simplicity \aZ

5. Transformational signal : R

Source: Melton, Axsen, Goldberg, Moawad, & Wolinetz (2017)



Policy packages to help achieve

Canada’s climate mitigation targets

To achieve levels of ZEV uptake needed to meet Canada’s longer-
term climate targets (i.e., 40% of ZEV sales by 2040), can
Implement:

1. ademand-focused policy package that includes national long-
term incentives of $6,000 per ZEV for 20 years;

2. asupply-focused package centered on a national ZEV
mandate requiring 40% ZEVs by 2040; or

3. asupply-focused package with a strengthened national
vehicle emission standard (decreasing fleet emissions to 71
gCO.e per km by 2040).

Note: All three packages also include increased public charging
deployment and electric vehicle-friendly building codes adopted in all
provinces.

Source: Melton, Axsen, Goldberg, Moawad, & Wolinetz (2017)



Latent ZEV demand is high among mainstream buyers

Consumers are varied in their ZEV preferences, valuation
of attributes, and response to policies

Can reduce gap between actual and latent demand via:

— Demand-focused policies (e.g., incentives)

 Incentives appear to be more powerful than infrastructure at
stimulating ZEV uptake

— Supply-focused policies (e.g., a ZEV mandate)
Absence of supportive policy will limit ability to realize

latent demand for ZEVs and thus to help achieve Canada’s
long-term greenhouse gas reduction targets
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Thank you. Any questions?

Christine Kormos: ckormos@sfu.ca
START Director: Jonn Axsen: jaxsen@sfu.ca

Research Manager: Zoe Long: zoe_long@sfu.ca
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Design space exercise

« Higher
and lower
price
scenario

Vehicle type

Driving range

—

Refuel/ Home

Gasoline fuel use .
recharge time

Purchase price

S

m Conventional
' . )
650 km gasoline 8.6 LM00 km 5 mins $23000 Please selact ¥
A conventional
HYUMNDAI SONATA
' . )
850 km gasoline 5.8 LM00 km 5 mins $24700 Please select ¥
A hybrid
HYUNDAI SONATA
" —_
Eleciric for the firs me to charge en atte Flug-in hybrid
Please select your answer ¥ 5.8 LM00 km Please select your answer S0 Flease select ¥
A plug-in hybrid
HYUMDAI SONATA
:
; Electric only fo Electric
100 km (+59300) v None i $32300 2nd Choice v
A electric only
HYUMDAI SONATA
425 km hydrogen Mone 5 ming $53400 1st Choice v

A hydrogen fuel cell
HYUNDAI SONATA




What is the level of “understanding”

among the mainstream sample?

63%

60% -
o 50%
40%
0
230 26%
20% 16%
12% O%
1 I
0% . .

HEV PHEV BEV HFCV Toyota Chevy Tesla lesan Hyundai
Prius Volt Model S Leaf Tucson
F-Cell

w

)

o\°
!

% of Respondents correctly
identifying fuel type

3
S
]

Vehicle technologies and models



Distance driven

Most common distance driven (in total)

on a weekday
“How often does someone in your household 40%

drive 100 km or more in a single trip?” 5 9 209 29%
%% T2 20%
0
g g 20% 18%
Never NN 7% 2
o O 10% 6%
o 3%
Once or twice a year [N 23% 0% L B =
0-19 20-39 40-59 60-79 80-99 100+
Several times a year | IIEIGIGIGINGEGEGEEE 33 km km km km km  km
Once ortwice a month 21% Most common distance driven (in total)
Once or twice aweek I 3% on a weekend day
Several times a week [ 4% 40% 33%

Every day or almost every day Il 4%

30%
22% 21%
0% 10% 20% 30% 40% I 14%
10% 6% I
3%
» L] i =

0-19 20-39 40-59 60-79 80-99 100+
km km km km km km

Percentage of
respondents
N
o
X



Home and workplace charging access

“Do you have access to any of the following

within 25 feet and 26-50 feet from where you

plan to park your new vehicle?”

33%
None of the above 34%

: 17%
Electrical panel -3%
14%
0200w outet .

Regular 110/120V outlet

53%
55%

An existing electric vehicle 5%
recharging station 6%

0% 10% 20% 30% 40% 50%  60%

Percentage of respondents

m 25-50 ft from parking space m Within 25 ft of parking space

Does that primary work/school location
currently have one or more parking spots
with an existing electric vehicle charger OR

outlets nearby? (n = 925)
n=925

Yes, there is at least one charger
! 0,
nearby - 15%

Yes, there is at least one outlet
’ 0,
nearby - 14 /0

No I 60%

| don't know - 11%

0% 10% 20% 30% 40% 50% 60% 70%

Percentage of respondents who frequently park in 1
location



“Weaker” demand-focused policies might

get us to 1%-10% new market share...

40% -
PEV
new 30% -
market
share
ritish ~ 20% -
Columbia)
10%
O% I I I I I I I I I I I I I I I I
2015 2020 2025 2030

Source: Wolinetz & Axsen (2017), Technological Forecasting & Social Change



Continuing aggressive incentives and
charger deployment could get up to

~20% by 2030

40%
PEV
new 30%
market
share
ritish ~ 20%
Columbia)

10%

0%

Stronger demand focused
$5k, 15 years, + chargers

2015 2020 2025 2030

Source: Wolinetz & Axsen (2017), Technological Forecasting & Social Change



“Full” PEV supply needed to get to
30% or higher

40%
PEV
new 300
market
Sh_a_lre 20% - Stronger demand focused
gsr:uShb_ ) 0 $5k, 15 years, + chargers
olumbia

10% -

O% I I I I I I I I I I
2015 2020 2025 2030

Source: Wolinetz & Axsen (2017), Technological Forecasting & Social Change




Five distinct consumer segments

@ Valuation
of CVs

WTP for
@ HEVs and
ZEVs




Five distinct consumer segments

(*) WTP for HEVs
(® WTP for ZEVs

Cost sensitive

@ Environmentally
concerned

,'+ Altruistic
T Higher education




Five distinct consumer segments

WTP for PHEVS, HEVS,
and HFCVs

(& WTP for BEVs

—> Range sensitive

Value home charging, DC

Eﬂ‘ fast charging
and H, refueling

Infrastructure
& Eni ol q PHEV-
nvironmentally concerne oriented
da Younger 22%

© Higher education



Five distinct consumer segments

(® WTP for HEVs
(& WTP for PHEVs

—> Range sensitive

@ Environmental 2 EV-CUFIOUS

lifestyle and 21%
concern
& Younger
2> Hi '
& Higher education PHEV/-
oriented

22%




Five distinct consumer segments

@ High WTP for PHEVS,
BEVs and HEVs

@ Environmental lifestyle
and concern

ﬁ Younger

1 Higher education

ZEV-curious
21%

PHEV-
oriented
22%



25%
20%
15%
10%
5%
0%

orientation

2
é‘

St@g
@wronmental
Q/A attitude and Q
\ value EVs over
other vehicles.
Most likely
group to buy EV
as next catr,
especially with
right incentives.

22%

E}
C@kemed

\Ebout the
enwronment
and value the
flexibility of
plug-in hybrids.
Improved home
and fast
charging could
increase their

20%

6

onscious and

prefer hybrlds‘z\

at the moment,
but curious
about EVs.
May consider
buying one once
EV ranges are
longer.

Gas-orient»n

21%

\@6

*@b

<<5@?‘ronmentally @tronmentally d&t

onsc:ous and C)A interested

strongly prefer
hybrids but not
EVs.Will likely
adopt hybrids
soon, or even
plug-in hybrids
with the right
incentives.

in hybrids or
EVs and will
likely be the
last to adopt
this new
technology.



prefer CVs

and show CV- PHEV-
negative oriented
valuation of 23%

@and

SoEvgly pref
HEVs,
environmentall

concerned, and ZEV-
more highly curious

mted f 20%
Prefer HEVs, but potentially

open to

BEVs and HFCVs,

environmentally concerned

and likely to engage in an
environmental lifestyle, as well

as more highly educated

en

oriented

22%

1

HEVs, environmentally
concerned,

likely to engage in an
nvironmental lifestyle,
ltruistic, as well as

SdaBatnios
Strongly prefer PHEVS,
BEVs, and HEVSs,
environmentally
concerned and likely to
engage in an
environmental lifestyle,
as well as younger,

higher education and
income levels



Comparing PEV policies

Demand-focused policy

* Purchase incentives

* Non-monetary incentives (HOV lane, etc.)
» Charger deployment

Supply-focused policy

- ZEV mandate (sale requirements)
* Fuel efficiency standards

« Low-carbon fuel standards

Adapted from: Melton et al. (2017), Energy Policy



