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1) Why electric vehicles?
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53 kWh
24 kWh

16 kWh

Huge variety among plug-in vehicles

4 kWh

~117 km electric range

Nissan Leaf

~56 km ~500 km gasoline

~300km electric range

Tesla Roadster

Toyota Prius PHV

Chevy Volt

20 km ~800 km gasoline

Plug-in
Hybrid
(PHEV)

Pure
Electric
(EV)

Comparing Battery Sizes:



Bigger picture: 
three-legs of the 
transport
GHG mitigation 
“stool” 

All legs need to 
be addressed…

Travel Demand
(VKT)



7Long-term modeling suggests that PEVs can 
play an important role in GHG mitigation
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2050 GHG Target

80% below 2005 GHGs

Current Policies

“Ambitious” Policies 
(no ZEV mandate)

+ZEV mandate

LCFS: 20% less GHG intensive w/ biofuels
CAFE: 60% less fuel intensive by 2050

“Ambitious”
Policies

Carbon Tax: $30/t 2015 to $120/t 2050
ZEV Subsidies: $5000 in 2015 and 2020

Passenger
vehicle
GHGs

(well-to-
wheel)

Source: Sykes and Axsen (2017), Energy Policy



88…a socio-technical transition?

PEV policy
Vehicle
design

Infrastructure
needs

Battery
costs

Awareness
and confusion

Latent
demand

Design
interests

Learning and 
social 

influence

TechnologySocial

GHG and 
grid impacts



992) A reflexive, multi-method approach

“Qualitative” interviews
n = dozens

“Quantitative” surveys
n = 100s or 1000s

Technology adoption models 
(0-15 year time horizon)

Energy-economy system models 
(20-40yr + time horizon)

Discrete choice
model

Informing 
behavioural
realism

My Master’s work
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“Qualitative” interviews
n = dozens

“Quantitative” surveys
n = 100s or 1000s

Technology adoption models 
(0-15 year time horizon)

Energy-economy system models 
(20-40yr + time horizon)

What is 
“social 
influence”?

My Ph.D work

2) A reflexive, multi-method approach
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“Qualitative” interviews
n = dozens

“Quantitative” surveys
n = 100s or 1000s

Technology adoption models 
(0-15 year time horizon)

Energy-economy system models 
(20-40yr + time horizon)

“Reflexive
Participant”
surveys

“Respondent-
based” 
modeling

Behaviourally
-realistic
models

My latest work

2) A reflexive, multi-method approach
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“Qualitative” interviews
n = dozens

“Quantitative” surveys
n = 100s or 1000s

Technology adoption models 
(0-15 year time horizon)

Energy-economy system models 
(20-40yr + time horizon)

Policy
evaluation

My latest work

2) A reflexive, multi-method approach



13133) Insights from Interviews

“Qualitative” interviews
n = dozens

“Quantitative” surveys
n = 100s or 1000s

Technology adoption models 
(0-15 year time horizon)

Energy-economy system models 
(20-40yr + time horizon)

????
My latest work
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Passenger Vehicle Owners

PEV consumer research:
“Pioneers” and the “Early Mainstream”

New vehicle buyers

Potential 
“Early Mainstream” 

PEV buyers

PEV
“Pioneers”

Source: 
Axsen et al. (2015),

Electrifying Vehicles



1515Mainstream has low awareness…

Source: Axsen, Langman & Goldberg (2017), Energy Research & Social Science

The majority expressed confusion about PEVs:
“Is the Leaf electric or is it hybrid?” – Mr. Chen

“What’s the deal here? You don’t plug this in, the hybrid?” -
Clair

And confusion about vehicle-grid integration and V2G.
“That gets pretty complicated…” - Andreas

“[seems] futuristic” – Clair

“Oh god!” – Christine (in confusion) 
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What it does
for you

What it 
represents

SymbolicFunctional

Private

Societal What it does
for society

What it says
to society

Sources: Axsen and Kurani (2012), Environment and Planning A
Axsen, Orlebar & Skippon (2013), Ecological Economics

Consumer perceptions are complex; 
as are processes of preference construction
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What it does
for you

What it 
represents

SymbolicFunctional

Private

Societal What it does
for society

What it says
to society

Sources: Axsen and Kurani (2012), Environment and Planning A
Axsen, Orlebar & Skippon (2013), Ecological Economics

Consumer perceptions are complex; 
as are processes of preference construction



18184) From interviews to surveys

“Qualitative” interviews
n = dozens

“Quantitative” surveys
n = 100s or 1000s

Technology adoption models 
(0-15 year time horizon)

Energy-economy system models 
(20-40yr + time horizon)

The 
“Reflexive
Participant”
Approach
to surveys



19Perspectives on the “mainstream” consumer

The 
respondent:

awareness,
understanding,

perceptions,
preferences

Method:

Survey, 
interview,

model,
analysis 

Representation 
of respondent

Results, 
interpretation,

insights

The “Rational Actor”…. The “Reflexive Participant”…

…has perfect information. …might have little or no information
…has established preferences. …might have unformed preferences
…has static preferences. …can change preferences over time.
…can articulate those 
preferences.

…might have trouble communicating 
those preferences



20The “Reflexive Participant” Approach

Background: Tell me about your car

Awareness: Have you heard of this tech?

Initial perceptions: What do you think?

Explain more: Let me explain more

Reflexive experience: Go do something

Inventory/narrative

“Test” questions

Belief questions

“Buyers’ Guide”

Driving diary/demo

Response exercise: What would you like in…
Context A, Context B, etc.

Flow of the conversation Example instrument

Design space

Follow up: Why did you select that? Belief questions



21Canadian “Mainstream” Survey (n = 1754), 
representative of new vehicle buying households

Source: Axsen et al. (2015), Electrifying Vehicles



22“Design Space” Exercise



23Mainstream buyers are more attracted to 
PHEVs, not so much BEVs

Source: Axsen, Goldberg and Bailey (2016), Transportation Research Part D



24Stated choice experiment



25Latent-class choice model (LCM)



26Segmenting respondents by PEV 
preference

Class 3:
“PHEV-oriented”

22%

Class 2:
“HEV-oriented”

21%

Class 1:
“Coventional-

oriented”
18%

Class 4: 
“ZEV-curious”

21%

Class 5:
“PEV-

enthusiast”
13%

• (-) HEVs 
• (-) BEVs

• (+) HEVs
• (-) BEVs
• Fuel cost 

sensitive 
• Enviro

concerned

• (+) HEVs
• (+) PHEVs
• (-) BEVs
• (+/-) HFCVs
• Fuel cost sensitive
• Sensitive to: fuel cost

fuel/charge available
• Enviro concerned

• (+) HEV
• (+/-) BEV
• Enviro lifestyle

• (+) HEV
• (++) PHEVs
• (+) BEVs and HEVs
• Not sensitive to attributes
• Enviro lifestyle
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Base $7500
Subsidy

+ Charger
Rollout

+ H2 
Stations

HFCV-Only
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PHEV

27% ZEV
43% ZEV 44% ZEV 44% ZEV 35% ZEV



285) From surveys to models

“Qualitative” interviews
n = dozens

“Quantitative” surveys
n = 100s or 1000s

Technology adoption models 
(0-15 year time horizon)

Energy-economy system models 
(20-40yr + time horizon)

“Respondent
-based 
modeling”



The respondent-based preference and 
constraint model (REPAC)

Unconstrained 
Demand

Home 
charging

PEV 
familiarity

Constrained 
Demand

PEV 
availability

Class 
availability

Dealership 
availability Model variety

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



The respondent-based preference and 
constraint model (REPAC)

Feedbacks: As sales increase…
…consumer awareness increases

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

Unconstrained 
Demand

Home 
charging

PEV 
familiarity

Constrained 
Demand

PEV 
availability

…dealership availability 
increases



Latent demand and barriers 
to PEV sales

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



32Comparing PEV policies

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

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



“Weaker” demand-focused policies might 
get us to 1% to 10% new market share… 

PEV
new

market
share
(British

Columbia)

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

0%

10%

20%

30%

40%

50%

2015 2020 2025 2030

Weaker demand focused policy
$5k subsidy, 5 years



Continuing aggressive incentives and 
charger deployment could get up to 

~20% by 2030

PEV
new

market
share
(British

Columbia)

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

0%
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20%
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50%

2015 2020 2025 2030

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

Weaker demand focused policy
$5k subsidy, 5 years



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

PEV
new

market
share
(British

Columbia)
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20%
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2015 2020 2025 2030

Stronger 
demand policy
+ “full supply”

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

Weaker demand focused policy
$5k subsidy, 5 years

Source: Wolinetz & Axsen (2017), Technological Forecasting & Social Change
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20,000

30,000

40,000

50,000

ZEV Scenarios Subsidy to 2021 Subsidy to 2035 Subsidy to 2030

With optimistic assumptions

With pessimistic assumptions

Multiple ways to push electric vehicles, but 
subsidies cost* 20-30 times more than ZEV mandate

Source: Axsen and Wolinetz (Under review), Energy Policy

Subsidy to 2025

Both can achieve 30% PEV 
new market share by 2030

*Gov’t
Spending

on
PEV

subsidies
(millions,

un-
discounted)



376) From research to policy evaluation

“Qualitative” interviews
n = dozens

“Quantitative” surveys
n = 100s or 1000s

Technology adoption models 
(0-15 year time horizon)

Energy-economy system models 
(20-40yr + time horizon)

Policy
evaluation



The Canadian Electric Vehicle Policy 
Report Card



Policy Goal:
To achieve long‐term GHG mitigation targets,
PEVs reach 40% of new vehicle market share by 
2040 (IEA scenario) – that is an “A”

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



Grades across Canada….
7 provinces in the “D” or “F” range

D D D D D D D

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



Grades across Canada….
Ontario and BC in the “C” range

C-
C

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



Grades across Canada….
Quebec is our inspiration at “B”

B

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



What are the most effectives climate 
policies in Canada?

ZEV mandate
Incentive

Carbon pricing

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



World-leading policy can raise all grades



45Methodological conclusions…

“Qualitative” interviews
n = dozens

“Quantitative” surveys
n = 100s or 1000s

Technology adoption models 
(0-15 year time horizon)

Energy-economy system models 
(20-40yr + time horizon)

Policy
evaluation

Missing methods? historical case studies, 
stakeholder interviews,  random experiments



Policy implications
• PEVs can play an important role in GHG 

mitigation
• “Latent” demand is there – but widespread 

uptake isn’t likely to happen without policy
• Strongly policy needed, likely supply-focused 

(e.g. ZEV mandate)
• Need improved understanding of supply side
• Other methods, theories


