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We conducted pilots on electric vehicles in three megacities to understand
three key questions

City
Objective

Project
partner

Key ques-
tions

. Shanghai

Consumer & Technology

* Develop deep under-
standing of consumer
preferences and barriers
for EV adoption

= Create integrated total cost
of ownership (TCO) model
to simulate EV technology,
cost optimization and EV
penetration

Consumer & Incentives

* Develop deep under-
standing of consumer
preferences and barriers
for EV adoption

= Derive most efficient incen-
tive schemes to increase
private EV adoption

Infrastructure model

* Create integrated market
model with special focus on
infrastructure building
— Type and density
— Investment amount,

timing and payment
models
— Role of public authorities

= City of Shanghai

= City of New York

* French government
(EV working group)

e

How big is the EV market potential and what are the characteristics of early adopters?

What are the main drivers and barriers of these early adopters?

What are appropriate product offers and cost-effective incentives to stimulate demand?

SOURCE: McKinsey
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Description of research methodology [Shanghai EXAMPLE

Research stages Description Objectives
* 12 drive-along interviews to understand * Develop initial insights into
Qualitative driving needs and “pain points” customer behaviors, barriers,
interviews * 6 Focus groups of 6 drivers each to and pain points as well as
— Explore attitudes and consumer reaction into likely early adopters and
to specific electric vehicle concepts car concepts to calibrate
— Develop early hypotheses on segments quantitative survey
— " “Heat map” survey (n = 600)
— Driving diaries of 100 car owners * Understand travel patterns
— 400 car owners across city rings, plus 100 and behaviors
o consumers that intend to buy a car = EV adoption potential
Quantitative | . Fyll-length quantitative survey (n = 606) and sensitivity towards
survey — Segmented consumers by attitudinal and important adoption levers
functional adoption factors * Better understanding of
— Measured potential adoption of electric likely early adopters
vehicle concepts given varying business * Other key insights on
models, and adoption levers incentive policy preference
* Define specific features for BEV and PHEV, e.g. » Understand BEV. PHEV
TCO range, acceleration, etc. and ICE cost base and
forecast = Model TCO for different car segments and future reduction
model estimate EV cost reduction in the future = Forecast future EV market
= Based on conjoint data derive consumers’ cost penetration

—— sensitivity curve

SOURCE: McKinsey McKinsey & Company | 3
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EVs are likely to achieve a substantial market position in all 3 ECC

.y eny = B BE\2
megacities can within the next ten years B Hevs
2015 demand 2020 demand
Percent of new car sales Percent of new car sales Key insights

* Shanghai is expected to
triple its EV adoption from
5 percent to 15 percent
between 2015 and 2020

* PHEV is generally the
preferred drivetrain

* BEV mainly successful as
electric city car (ECC) in
New York

* In Shanghai, ECC is

not likely to take off, since
6 16 a large share of new car
buyers demand family-size
cars with full functionality;
consumers place high
value on exterior size and
interior space

New York

1 Electric city car (small electric vehicle, only tested in Shanghai and New York) 2 Battery electric vehicle 3 Plug-in hybrid electric vehicle

SOURCE: McKinsey McKinsey & Company | 4
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In a relatively conservative scenario (reference scenario), EV penetration

can grow to 10-15% of new car sales in 2020

Number of New EV sales in Shanghai
thsd units p.a.

3,000
2,500 r

2,000 |
1,500 22-28

1000 |
500 | 6-7

[] BEV

[] PHEV

40-50

0
2015 2020

Total EV
market share

9 ©

Relative share of EV

concepts
BEV
PHEV 85%

SOURCE: McKinsey EV consumer survey; Shanghai EV TCO Model

2025

0-25%

80%

|REFERENCE SCENARIO
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Large percentage of single car owners in Shanghai say that maximum
range is an important consideration for vehicle purchases

Percent of single vehicle
households among all car

/ Average daily range requirement!’ Maximum range requirement?

owners, percent ; Km, (percent) Percent

soors [l == | o oo |

NYC 70 | (25-50] (38)  100-240 km 24
(50-75] (21) 5240 km -73
(75-100] (9)
(100-150] ](5)
>150 (10)

1 Based on the longest daily range requirement during last week

2 Based on longest round trip requirement with frequency more than once per year

SOURCE: SH driving diary (N=100), SH heat map research (N=406), McKinsey Electric Vehicle Concept Test Research

Survey (N=606), NYC heat map research, Team analysis
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EV is compatible with most daily transportation needs except for long

distance outings
Consumer travel pattern based on last trip

Range for

Travel purpose, percent of respondents

B Non-compatible to BEV

round trip

INd 0€:¥ L7 0102/ /L0 PaIUUd N 60:%}:7 0L02/E /L0 POLIPON 1S - Jeug Bunuiom

Km Work/school Errands Social/recreation Long distance outing
<25 59 83 74 1

25-49 26 13 19 ] 5

50-99 12 ] 3 } 6 19

Average

round trip
distance, Km

Trip
frequency
Days/week

SOURCE: SH driving diary (N=100), SH heat map research (N=406), McKinsey Electric Vehicle Concept Test Research Survey (N=606) McKinsey & Company | 7



Of the six consumer segments we identified, 30% are “early adopters”

% of
households

General
attitudes

EV related
attitudes

Early adopters

Shapeable groups Late adopters

SOURCE: McKinsey Electric Vehicle Concept Test Research Survey (N=606)

@ Trendy @ Running cost @ Bargain @ Performance Trend @ICE
greens sensitive hunters seekers followers traditional
r 7 E - N
15% 07 15% " 16% = 17% 22% | Q 15% - \;
7 FC A 1
Like to show off Sensitive about * Care about * Like new Try new Highly reluctant
Willing to try running costs both purchase technology products after to change
new technology and willing to and running * High standards majority behavior for new
Less price pay upfront costs for performance Prefer popular products
sensitive premium = Shop to find * Like to show off models Don’t want to
Willing to pay Willing to lowest price * Brand Concerns about sacrifice
premium and sacrifice *  Willing to conscious new technology performance or
sacrifice features/ design sacrifice * Convenience Shop for lowest cost
performance for for better fuel performance for seekers price and Have strong
green efficiency low cost * Not price/cost sensitive about concerns about
Convenience Care about TCO = Concerned sensitive operation cost stability of EVs
seeker Willing to change  about reliability Have clear Doesn't like to
travel habits brand show off
preference Not green
conscious
Like EV’s Appreciate EV’'s = Like EV’s low = Attracted by No particular Strongly rejects
design, lower lower running / running / EV’s new preference for EV on almost
running costs maintenance maintenance technology EV all attributes
Willing to pay cost cost = Concern about Concern about
for a home Not concerned = Concerned range / choices, price,
charger about safety or about upfront charging / and reliability
No concerns reliability cost and performance
toward EV reliability
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Distinctive desigh and quick acceleration are the most

appealing features for early adopters

Mean response’

Running-
Trendy cost Bargain
greens sensitive

F&

hunters

Performan- Trend
ce seekers followers traditional

o »
N N o
¥ F 9 L T
s v N [ 5
s . e ‘
11 g i} X
A !

[ Skew higher
B Skew lower

ICE

EV has distinctive design

Triggers
to adopt
EV

EV has strong driving power
and quick acceleration

EV can significantly reduce my
driving cost

Driving an EV shows my
environmental awareness

| can experience new
technology when driving an EV

L [
e [
I
s [
53 16

1 Percent of respondents who strongly agree or agree with this statement

SOURCE: McKinsey Electric Vehicle Concept Test Research Survey (N=606)

=
-
=
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Financial subsidies important in kicking off EV penetration, but
effectiveness declines at higher levels

Effect of retail price/tax reduction on EV adoption (% likelihood of adoption)

Change to

base case
Key insights

No subsidies

Base case:
realistic subsidy on
EV of USD 4,400?

Shanghai

Additional subsidy
of USD 3,000

No subsidies

Base case:
realistic subsidy on
EV of USD 7,500

=
B
O
>
=
[}
P

Additional subsidy
of USD 3,000

1 Federal incentive (agreed) 2 Waiving of license plate fee (in discussion)

SOURCE: McKinsey

EV adoption shows some
sensitivity to the actual
price paid for the vehicle
(net of tax credit effects)

Shanghai numbers
especially show that an
initial subsidy is important
to kick-off EV penetration
While price changes (e.g.,
USD 3,000 discount)
increase adoption, impact
diminishes at higher
subsidy levels

Subsidies need to be
reviewed and adjusted
regularly
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Consumer interest in EVs held back by concerns

around range, battery charging, and reliability

Reasons for rejecting EVs

EV driving range too short N

It’s too troublesome

to charge an EV e i 2
| have to regularly

replace the battery 42 24 £
EV technology is not

stable and reliable enough 39 e v
EV is too expensive 59 : :
EV overall cost (including 58 -
purchase and running cost) is high

| haven’t found an attractive 61 ' ] OI
EV model L
| haven’t found an EV

brand that | trust 57 L&

EV handling is 66 16

not good enough

EV is not safe enough 56

SOURCE: McKinsey Electric Vehicle Concept Test Research Survey (N=606)

. Strongly agree and agree

|| Somewhat agree and somewhat disagree

|:| Disagree and strongly disagree
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Shanghai consumers attracted by non-monetary incentives that address
traffic and parking problems

Question: Which of the following incentives will be most likely to increase your interest in
buying an EV? [select the 3 most influential]

Consumer preference for non-monetary incentive policies

Percent of respondents

mitigation way lanes
No lanes or travel region limitation
exclusively towards EV

Traffic jam >@ Urban EV-only travel speed- 57

45

(@) Dedicated EV toll lanes 23

Dedicated >@ Designated parking spots at charging 53

stations (no general use)

(®) EV only commercial garages 43
or parking slots

EV parking

@ Dedicated street parking 31

(@ EV only garages or parking spots
inside community

> One-month trial driving with charge 24

Others

SOURCE: McKinsey Electric Vehicle Concept Test Research Survey (N=606) McKinsey & Company | 12
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Dense public charging infrastructure not a necessary
requirement to drive early EV adoption in Shanghai

Effect of charging infrastructure on EV adoption (% likelihood of adoption)

Change to

base case

Key insights

y
Home only
Base case: home

and public garage/
office

Shanghai

Dense public
infrastructure

Home only

Base case: home
and public garage/
office

=
B
O
>
=
[}
P

\

Dense public

infrastructure 19.0

1 Not tested in New York

SOURCE: McKinsey

* The effect of dense public
charging infrastructure
availability on early EV
adoption is modest

* In Shanghai, consumers
expressed concerned
about the long waiting
hours at the public charging
stations

= Significant adoption rates
could be reached in infra-
structure settings that rely
on home charging and
include minor public
elements

* In the long term, public
charging will be needed to
make EVs attractive for
customers that do not have
private parking (i.e.,
charging facilities)
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More assigned parking slots at home make it easier to use overnight
charging facilities in Shanghai

Placement of cars for overnight parking by ring and parking type, B Private garage (assigned)
‘000 thousand, percentage of households with vehicles B Garage/lot (assigned)
[ ] Garage/lot (floating)

[ ] Street parking (floating)
Shanghai New York City

100% = 137 126 65 269 125 350 700 125

41
38 35 o
2 0 0 0
Living  Inside  Inner— Mid—out  Outside wannattan - inner Outer Staten
areas inner circle mid circle circle out circle

SOURCE: 2009 Shanghai heat map research (N=500), Shanghai statistics report, 2009 NYC EV Adoption Survey, ESRI,
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IN SUMMARY....

 Electric vehicle penetration will likely reach 100,000 in Shanghai by 2020

- Early adopters (up to 30% of respondents) are ‘trendy greens’ and
‘running cost sensitive’ buyers, rather than entry level ‘bargain hunters’

» To accelerate early adoption, policy incentives need to address not only
the price gap, but also concerns around range limit, safety and charging
convenience

« Charging infrastructure will primarily be over-night charging in residential

communities, supplemented by medium-speed charging in public
garages and fast charging stations
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