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Figure 6 Operating Profit per Sales at Selected Automobile Manufacturers (%; 1990-)
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it : EENEERDM | -{E22 - EZ2 54T

X /NIT—RL A2 (EV, FCV, Hybrids --) -- #iE

ECU &#H3A A7 (for Engine, etc.) -- # EIZ3E0Y

BEEER MBI/ TL£EH. REFHERE) - b E-E2E- L2
AV TATAAV AV F—RybEDESE) - EZEITEL

EE1)F4HY—E X(Trip Shared/Not; Vehicle Owned/Not) -- £2Z2

Vehicle to Internet
Mobility Service, Infotainment

High Sky

Google (Android Auto)

Apple (CarPlay ; iOS)
SDL (Smart Device Link)
IVI (In-Vehicle Infotainment)

Vehicle to Vehicle/Infra.

Low Sky V2V, val, vax

DSRC (Dedicated Short Range Comm.)
LTE-V2X, ITS-Connected

MEC (Mobile Edge Computing)

Physical Motor Vehicles

Complex Physical Products (1 ton, 30K parts)
Ground Safety, Energy and Environments Matters
EV, FCV, Hybrids — Energy Density Matters

Modularization of Integral Products

20+ ECUs; Software 10M+Ins; Wires 50 kg



SEIEDIZE (L ACASE):
3BASYIIETTOAIINAEELE LTINS

Smart Phone Platform Leaders (Google, Apple)
Vs
Coalition of Auto/Electronics Makers (SDL)

Infotainment

H |gh Sky Google (Android Auto)

Apple (CarPlay ; iOS) Platform Competition —— Vertically Connected
SDL (Smart Device Link) But No De—facto Standard yet
W R e i O Cloud Computing by Digital/Physical Firms

ITS, 3D—Dynamic Map Intelligent Transportation System
V2V, V2I, V2X, CFS (3D-D Map) Dynamic 3D Digital Map as CPS
LOW S ky (Vehicle to Vehicle, Vehicle to Infrastructure) Non-Internet V2V, V2I, V2X
Horizontally Connected
Edge/Fog Computing
between Cars and Infrastructures

DSRC (Dedicated Short Range Comm.)

Still Closed—-Integral and Complex!
Some Closed Modularization (VW)
Grou nd Complex Physical Products (still 30K parts) But NOT Open Physically
Modularization of Integral Products Evolution, Relatively Non—Disruptive
On Average Heavier; Wire Harness 50 — 100 Ib, Product still Matters, but

Platforms Emerge?

Cars, Trucks

Many ECUs; Software 10M+ lines

© BEER
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ICEV
100kW
® @'

PHEV .
- A
OF )

Fujimoto, University of Tokyo, Hasegawa, Nissan



T—XTIOF ¥R HOH: ZXEHMEV = BEV

BEV
FUNCTION

STRUVTURE CHALLENGE

Energy consumption

Energy Density
Density of stations

Variable Cost Reduction

L

Emission gasses

.
*
.
.
.

2 Chassis

Operating Cost

.
A
k™
A}
3

k Recharg St.
Assumption for Comparison:

High-performance Type (e.g., 100km/h cruising)
Volume Assumption = 200K units per year
C Fujimoto and Ge, University of Tokyo
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PR EML DT ORTE—
FC REV (Range Extender)

STRUVTURE CHALLENGE

FUNCTION

Energy consumption

High perform. range Battery
recharging time FC Cost Reduction

) ) Fixed route
Density of stations s

Emission gasses

Body

Chassis

Operating Cost _
H2 Station

*
.
“

Assumption for Comparison:
High-performance Type (e.g., 100km/h cruising)
Volume Assumption = 200K units per year

C Fujimoto and Ge, University of Tokyo
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PC, X9, etc.

FC- ice- FCEV  Bev PHEV G-ICEV HEV D-ICEV
REV REV : : : : :

e.g.,

e.g., é.g., e.g., .e.g., e.g., e..g., European,
Symbio GM  Toyota TESLA  Mitsubishi Japanese, : \YETalY
Fcell & Volt (Mirai Renault- European Many e.g., others
Renault ) Nissan others  royota

Chinese Honda
See Figures 7 where === Pgint 1.0  ======= Point 0.5
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CO2 emission (g/km) CO2 emission (g/km) CO2 emission (ton)
Tire to Wheel Well to Whelel | =isiaad |ife Cycle

‘g =m
B o il |

ICE HEvV (PHEV) BEV ICE HEV BEV ICE  HEV

<AESEAF>
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" Production & Recycle CO2

2O A MCKBDLCASEID = Mileage : 110,000km Running CO2
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- 2025 2030 2035 2040
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Life cycle CO2 (ton)

Life cycle CO2 (ton)
Life cycle CO2 (ton)
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Life cycle CO2 (ton)

i ALife cycle CO2 (ton)
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Life cycle CO2
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Vehicle to Internet
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SDL (Smart Device Link)
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DSRC (Dedicated Short Range Comm.)
LTE-V2X, ITS-Connected
MEC (Mobile Edge Computing)
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Safety, Energy and Environments Matters

EV, FCV, Hybrids — Energy Density Matters
Modularization of Integral Products
20+ ECUs; Software 10M+Ins; Wires 50 kg
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Type of Mobility

Trip Sharer

Vehicle Sharer

Operator

(Zh% - R [SEFEEDTzHERIR)

Vehicle Owner

Owner’s Car Driving

None

None

Passenger A

Passenger A

Car Leasing

None

None

Passenger A

Firm F

Car Rental

None

Unlimited Others

Hiring Chauffer

Chauffer C

None

Passenger A

Firm F

Chauffer C

Passenger A

Hirer

Pro. Driver D

Limited others

Pro. Driver D

Firm F

Taxi (Firm)

Pro. Driver D

Unlimited Others

Pro. Driver D

Firm F

Taxi (Individual)

Pro. Driver D

Unlimited Others

Pro. Driver D

Pro. Driver D

Uber, Lyft, etc.

Registered. Driver D’

Registered Others

Registered. Driver D’

Registered. Driver D’

Commercial Car Sharing

None

Registered Others

Passenger A

Firm F

Employee Car Sharing

None

Other Employees

Passenger A

Employer Firm E

Individual Car Sharing

None

Individual B, etc.

Passenger A

Individual B

Ride Sharing

Individuals Bi

Individuals Bi

Passenger A

Passenger A

BlaBlaCar, etc.

Individuals Bi

Individuals Bi

Individual B

Individual B

Ride Share Taxi

Limited Others

Unlimited Others

Pro. Driver D

Firm F

Hitchhiking

Friendly Others

Others ?

Friendly Others

Friendly Others

Public Transportation

Unlimited Others

Unlimited Others

Pro. Driver D
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New
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Final Match by

A Few New Ones

Giant s Survive ? Old vs New Dominate?
(Boring vs Air Bus) Giant Survivers? (e.g., Google, Apple)
Only 10 Oligopoly Some New Ones
Makers Survive ? by Mixture of Survive?
(Old View by Media) Old and New?

Many Existing Ones

Survive ?
(US in 1900, China in 2000)

Mixture of Many
Old & New Ones
Survive?

Only New Ones,
But Many of Them
Survive?
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Vehicle to Internet
Mobility Service, Infotainment

High Sky

Google (Android Auto)

Apple (CarPlay; i0S)
SDL (Smart Device Link)
IVI(In-Vehicle Infotainment)

Vehicle to Vehicle/Infra.

V2V, V2l, v2X
DSRC (Dedicated Short Range Comm.)
LTE-V2X, ITS-Connected
MEC (Mobile Edge Computing)

Physical Motor Vehicles

Complex Physical Products (1 ton, 30K parts)

Safety, Energy and Environments Matters

EV, FCV, Hybrids - Energy Density Matters
Modularization of Integral Products

Ground

20+ ECUs; Software 10M+Ins; Wires 50 kg
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