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« GAL0] : Personal Mobility (PM) )
micro-Mobility ;W'ZV(“!)
-C. Yy Renalut
micro-Car Frankfurt Motor Show 2009

e-Mobility (Ev Z& & ojn))

1 wheel 2 wheels

3 wheels

4 wheels 5 wheels 6 wheels

! Hiriko(48)
By MIT Media Lab.
Geneva Motor Show 2013
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i—Road(23F)
By Toyota
Tokyo Motor Show 2013
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[}mﬂ ﬂﬁlidg i By SYNERGETHIC
| E Geneva Motor Show 2011
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Micro Mobility (New Segment, Sub-A level) AH EV (Ray), A level

Vehicle

Model i-Road Twizy Hiriko - Ray

OEM Toyota Renault / Nissan SpajnNCIircla_vI;I: di?lj.li = - HMC
Length [mm] 2,350 2,338 2,630 x 14 3,595
Width [mm] 1,700 1,237 1,750 x 1.6 2,520
Weight [kg] 300 350 400 x 3.4 1,185

Seats [Number] 2 2 2 X2 4

Power [kW] 4 15 15 x 4.4 50
Max. Speed 45 45, 80 70 x2.1 135

[km/h]
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(S 0]) dAst Y2|7tA 7] O3 (US Tier Two, NOx : 0.07g/km; PM 0.01g/mi)

6 (R8) 12958 Z A=A MRS E 21 F 65%71 CO, BiE 1309CO,/km OHS:
(134 75%,’144 80%, 154 100% S | 2 R)

WTW GHG emissions in g CO,eq.[km (WTW . Well-to-Wheel Greenhouse Gas Emissions for Various Fuels)
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© 20254, 2A|A| 2 60%2Q! 4521 HO| TA|0j| 2= * Mega City - 1,000 0] 42| CHEA|
6 7{c] =A|3H SCH, 1] 2270 > 3070 0|4 (20254)
Jdzizr M ooz = M 3=, wELE|ZA S7I > e-Mobility 2+ =l (1-29! 2}2F, Car sharing )

Population (Million)

Top 20 Megacities in 2025

{ « 10 Cities from the developing economies.

16. Delii . _
~

N

ew U.N. Bafmmun of Megacity ‘25

shanghai [F0R

v !
.
A ~
s Buenos
@ Aires

13.Philadelphia~======="""""

(3)

©size of the bubble - GDP 2009 O Cities fram emerging economres

(1)

1 3 5 7 9 1 13 15 17 19 21 23
anking Based on Population and GDP

Note: All figures are rounded; the base year is 2009. Source: Frost & Sullivan
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6 12 717 H|S2 23.9%, 22 7| H|E2 24.2% > 1~2Q HH| (48.1%)
6 91 19! 7|7t H|S2°004 540t 7|7t > '304d 2340t 7} (44| 11.8%)

e LY H|S2 18 21YALS| (654 014 14~20%) > "261d 217 AlS| (20% 1)
v QIol 3] HIG 7-14% (R3St ALE)), 14~20%(RAS), 20% (203 ALE)
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W ELCH ] (Multi-modal Transportation)
[7t2] 0| S & = U 0|S+H S (Last Mile Car)
> A2 A OB W} (Car Sharing)
A7 2F5ts nELT ESAIYAL SZ (Mobility Integrator) |

2020

GAR RENTAL

Intercity
Train

ALKING

& PUBLIC TRANSPORT

CAR
OWNERSHIP

Intercity Bus\ ~

Shared Mobility

Private Cars

@ Publie ‘

Micro-mobility Irnspodation \ ‘\ 10~30 km
— \
H ﬁ _ 1
/ &b ' ! 30~100 km
1 1

Destination TRAVEL DISTANCE 100 km T

[ X} 2 : Frost & Sullivan(2010), Impact of Urbanization]
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0~3km

TRAVEL DISTANCE
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FMA| A|EGE 25E71K] W2 10.7% ME (Micro-2 2 2|E] : 38.5%)
e 7' LY 1357 2 =A| o
‘204 Car Sharing & (1,500%9tH 0|£)
GM Ford Chrysler Renault vw Audi  BMW Daimler  Fiat PSA Hyundai Honda Toyota Nissan Suzuki  Geely 7
Total
4
°
§ =
3 i 0)\@ 32
: Erm
E
o
£ LAK T
2 A,
é . ﬁﬁ‘ 31
= e [
-
o p.
5 = !
E |« 33
&z
Electric 3 1
Pictures: Google images 100
P = Production ready E = Electric
Source: Frost & Sullivan analysis.
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o 15 4 E
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
HEHT HE (1)

NAKED

&Ed - X2 NgEREAS

20184 CH S AFE EH KRS (2 500HH)

2% 64.2%, OtA|O} 22.6%, O|= 13.2%
AHEO ME AF RS

4 wheels 18%, 3 wheels 36%, 2 wheels 45%

[ 20 Micro— 22 2|E| Car Sharirg A& M2, £X : Frost & Sullivan, Urban Mobility 3.0]

2018 Breakdown

_~491,000 Units

Units (000}

~25,000 Units

Two-
wheel

One-
wheel

Cne Two Three Fourl [One Two Three Four| One Two Three Four| 2018

Vehicle Type

Note: P selecied OEMs as shown in scope of this research.

8d, FRUE NF HRS

eakdoan according to Frost & S

S AR 0l%, £ : Frost & Sullivan, 2012]
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e-Vivacity,
Citystar

: Twizy,
Renault-Nissan | Eclipse Concept [y
Vauxhall Urban
Concept, EN
Model T
Conce|

General Motors

Pixis Space, Rol

pling et Pixis Epoch

dt =35k o|o|5} EtA Ol 2 3 2=
HE Sk - 2010]5 ES U 3~4F HE[of| Y= 12/ 52
Micro-Mobility Market: Vehicle Type vs. Number of Seats, Global, 2011-2018
4 Daimler DRS "I Chrysler Peapod Concept i
Renault Vitesse
= Peugeot 360 Ford Aachen T
3 8 Nissan Pivo2
£ %
E | GM EN-V Ford Deakin T2 Opel Rak-e Peugeot 888-.,
= " VW e-Scooter BMW Simple Ford Start Peugeof Angel
Peugeot Plus(+) Renault Twi Peugeot Vers
@ ﬁ Peugeot Ozone Peugeot Q : Zy Peugeot
g Audi Urban Concept Metromorph
] E Fiat Bugster
= 2 Fiat Phylla Concept
— Fiat Mio FC 1l
2 Toyota Nori Concept
E ) |Honda EVN
3 VW Bik.e Nissan Mori Scooter JGM Car Hero Toyota |-Real VW Nils
BMW Hablo Nissan V2G Renault Eclipse  Honda Gyro VW Pholeum
Audi Snook BMW Solo Scooter Peugeot 2-wheel || VW One Honde Fogue Peugeot Yuji Concept
1| AudiAo Mini Folding Bike VW GX3 Honda s Fiat BIOV Concept
Audi Am g Audi Three-wheel Geely McScooter Tovota i-unit
Honda u3-x BME C1—e—Concept BMW Clever Peugeot RD3 ycsat i
Smart eScooter BIMW i1 Peugeot XB1 T(_}yota PM _
| Smart ebike Hybrid Citroen E3-POD ~ Peugeot Movile  -Nissan Landglider
»._ Lexus Concept Bike Hyundai Aebulle  Peugeot Hymotiona | SUZUKI PIXY
| Honda Cub _ B Toyota i-Swing Peugeot Biomotrik
'] . VW Kickstep Nissan OneOne
0S " Not feasible  Toyota Winglet
%a (Technically) . Nissan Skate Wheels
One-wheel Two-wheel Three-wheel Four-wheel
Vehicle Type Source: Frost & Sullivan analysis.
Strategic analysis and Benchmarking of Micro-Mobility Solutions
KATECH Xzursaza
HF =35k . oai i S}dt
MY S - 2| M, Business model ¥ A= &l 13/ 52

OEMs Mobility Strategy: Global Solutions Summary of Products and Services, Global, 2008-2020
Robotics and

Mobility for an Integrated
Ageing Society Carsharing Mobility Mobility Apps
Drive Now, Alphabet NL Mycityway, Drive Now, Park
Alpha City link with NS Now, Parkatmyhouse
Moovel mobility
Car2go platform (Piot) Moovel, Car2go, Car2gether
Quicar + Quicar LeasePlan and Buican
Plus (Pilot) Mobility Mixx
Audi Carsharing
(Pilot) x x
Multicity Mu, Multicity Mu, Multicity
Twizy Way (Pilat), .
CAR+Autopartage X TR Y
Onstar- ;
RelayRides x Onstar - RelayRides
x x X
Stride assist, Walk
assist, ASIM X X X
Humano| Carsharing
Care Assist (Pilot) X X
x X x x

¢ No indication of cul

[~ ICurrent

I Future

rrent presence

Source: Frost & Sullivan analysis.
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Car sharing service
.. \(Urban, Travel, Events ...)

Mobility
Integrator R A

Welfare service

/

Iechnology
Solutions Provider

aaeus

Technology Evolution

Big data service

"¢
x ZONE s 5
Connectivity / ] " A

~— Cloud éomputing
Y &
ZONE .
| \c‘%dlna'

9 i

Bluetooth’

¥

L
Wz -

EV Infrastructure Smarter Home

Ex) Toyota Home

ADIEE + BYIZ|E| Connectivity
(Connected Mobility)

Infotainment and Mobile Phone S St

KATECH xesvaes
F2 Concept (1/2) : Multi-modal Transportation + Last-mile Mobility 15/ 52

How Cité lib by Ha:mo works

NG Ay oy
— G N

N |

Charging station

|
|

9 | Public transport

|

Last-mile mobility

Data Management System

Multimadal Reservation of
Smartphone app Ravigation 1*ROAD ar COMS. Charging station

Rales of project partners

TOYOTA [OVOTA:
King sgaces for the car- sharing system. Sugply of

" EDi
es Métropole: stallation and aperatian of the charging
# Station Mobde wrip planaer raund 10 points scrass the Grenable-Alpes Métrepele.
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F2 Concept (2/2) : Modular Design + Customer-oriented 16 / 52

Function Variation

Space Frame

Modular Panel

S/W Platform 7{ =35t

KATECH Zz2r82ze
17 /52
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I} choi-Mobi Project (1/2)

= Part of Yokohama Mobility “ Project Zero”
- Promotion of Low-Carbon Transportation
- Increase in Equality in City Life and Mobility
- Promotion of Tourism

* First One-way Carsharing Service (Means “Easy Mobility”)
* Project Purpose : Availability of Urban Mobility and Interaction with Traffic System

= Service Area : Yokoyama Station, Minato Mirai and Kannai Areas
= Supported by Ministry of Land, Infrastructure, Transport and Tourism
= Hitachi Ltd. (IT Platform of Carsharing), Nissan Motor, Twizy (Mobility Platform)

Use

= St vehicle in
\ usage ar
2 usage summary
Operation information T Remote vehicte-monitoring information
Vehicie status information location, battry information, o) v
- Y

, ot
m3 s g ST

ervice Area

e IT Platform
KATECH Xz2vaeze
= =5k - Ol
sie| soF - Y& 19/ 52

K3 E-KIZUNA Project (1/2)

* Promoting the Dissemination of Electric Vehicles

= Challenges of xEV Spread
- Distance by One-Charging - Building of Charge Safety Net
- Cost of xEV > Demand Creation and Incentives
- Deficiency of Market > Enlightenment Activity such as Test-ride Events and EV Classroom

= XEV of E-KIZUNA Project : Toyota FCHV-adv, Nissan EV Leaf, Mitsubishi MiEV,
Outlander PHEV, Honda FIT EV, MC-B

=4 ! k’v

B

Nissan e-NV200

Nissan EV Leaf Mitsubishi Outlander PHEV Honda FIT EV

Toyota FCHV-adv
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ogt
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K} E-KIZUNA Project (2/2)

Business Models (Micro-mobility Only)
- Saitama City : Project Leading City for Improvement of Accessibility with Urban Mobility

- Kumamoto Prefecture : Ero-friendly Mobility for Tourism
- Okinawa Miyako Island : Mobility using New and Renewal Energy

= Charging Stations in Saitama City
- 28 Quick Chargers and 71 Standard Chargers in 82 Stations

&8)E BousE ks AVl
& MC-peEBbTBELaS S

21 /52

Toyota Group: Mobility Strategy, Global, 2010-2020
Japan

Toyota North America Europe
Prius PHV, RAV4 . .
EV/PHEV {diseontinlicd hom 2 014) Prius PHV Prius PHV
Micro-mobility i-Road (future) COMS, i-Road (future)
Pixis Epoch, Pixis Space

(OEM from Daihatsu)
Daihatsu brand - 4 models

Welcab (vehicles for disabled)
Walk assist robot — Winglet

Mobility for Disabled
Human support robot
Care assist robot — Humanoid

Others — Robotics

Leasmg and financing Leasmg and financing Toyota Rent A Lease
services offered services offered
Short-term Rental Rent-a-car service Toyota Rent A Lease
Car sharing services by
Toyota Rent A Lease
ITS, Ha:mo,

Entune G-Book (telematics)

Integrated Mobility

Source: Toyota; Frost & Sullivan
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:
u Ha:mo Project
A = =2 S =2 = o
= AUI|RE O|STh LF S0l 2| e ATE 25t Toyota BE 2| AMH|A
= ’12'd Toyota A|Of|A] AtEA}-11E AFHAF-FHRUE| HA| AMU|A AJ2E
» Cj4atEF : i-Road ¥ COMs(B-COM, T-COM, P-COM)
= HAMO Ride - =& Ll tt7{2| 0|5 |5t 248 RU2|E| 7HA|0f2d MH|A
* HAMO Navi - &4 L 2{Et4 0|52 2|5t HEA|S Al A
(=] o S — .
S A Lok st Al D
TdYO:l'A
Suxaig
I 5 O A 20144 039 142 28 o18%
o @ Famo e 0, 1914 48 WA -2 AUFY
BT H5Ha:moT
E#Tjrggsummatm\? EQER= 0lg & QR EQEK ZRESOIN , HHoz |xis
BTSN TRENT AURBE AR | 8 o 29z ok
i e
e 918 ‘52 (Ha:mo)' ZREEE 71SHC) EQER= 0] 4
ol meAEt: o5 A ALY o L) # 27158 g9l
— . = UAVDR) 28 1 R0 Aokl s et
¢ BlCrodyiFUvY 4 e
» HamoRIDERE Y MaZ 55 Hjolo] OlEAIT} 580 BOME BAI AT,  R/1% Aol ZRH s SelgAslolct
o iFIE Aol B0l ISR A JlgvlE 2837 yieenews.con
KATECH Xzizedzy
ole] =gk - ZetA 23 /52

I Cité lib by Ha:mo

*ZHA 1277 Ma|, 120CH 71 Mz| oA
» CHAFAZF @ j-Road 25CH & COMS 35CH

= RS ol T|He  tiF WS HIEYT & =
d

= 1414 109 3U7F TYA O3S Y A2 R|H0M Car Sharing AH[2

» 3eS 1S HES I AZE 22tel/2HHY oef U 0|S72] AlE 23

Toyota lance son autopartage a Grenoble
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T o sevee |
i 64 RENAULT
= Twizy 45 B (45km/h 0|52} Twizy 80 BE(80km/h 0|51 T A
» HAUZ F EPBI, RS (moped) M 7Hs (Twizy 45 2%)
= Oj2| 2|2t AT Al MZEH AL FEMI0]Z AH[A
(19 SEH| 15 Euros, AF2& 11.9 Euros/A|ZH
A5 Y A 2 AR
» UH|S|0f|(Alpe d’Huez) £27|2|RE Car-sharing A{H|A
= A|&A}L: KeyMoov A} *
* 3CH Z=FA Carsharing M A, M2 2| H2| Twizy Way Carsharing &3
= CHAF2LEF © Mountain Twizy
= ADE 712 A|AR 3 NFC 7|5 B2 28fY 7]7]212] QIE{H|o|A X8 R SA|AH

KATECH Zz2r82ze
25/ 52

Steer-by-Wire, 4W S-S
EU 2222 MIT Media Lab(CityCar Z2MIE)0j|A 7}

= 20|21 770 B4 - SAIIYM S oY

134 SUHE9} Last Mile Car A= AIY
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—=  Local Motors

H2AA : Local Motors (0|2 o] 2Lt o|UA

- AU 12918 HY| 2E ATz}

- 245 1 64 kph
- Y227{2] : 190~240 km
- 20154 ooy 6|4k} : 1,800~3,0009H

= & 1 400{7l (224 & Re-cycling 715)

5\

2IEE! 23| 27 : 4501b (2F 200kg)
= O2IE A|ZF: 44A|2F (2kAMR13~20%+EIHA M4 2180~87 %)

= AF2.I2IE] : BAAM (Big Area Additive Manufacturing)

KATECH Zz2r82ze
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KX New Player S - 2AZ 7| U MZ2 Cfj7| o4+

[42 PM (z5a21943)] [38 PM (z5aigia)]
ZAZAIY 2 SAZHIY Ft
20174 JHi 22 OfF (Kh, 20164 2 Al 342 ZA]) 20174 etz oy

oM
e
e
o S
H
ng
=2
o
2
o
r
oj

2017-20184 W2

IPM 2H, ALSAH =S ury st ICT 7]8te) "DIE e =]
HES2 Design (F8 Y 2HX QEH’SE iE)

YO MAl AlAE
(S, 82, =8

& El ¢

[CH7I°‘ 0] o 4]

SICHZLS2E IR TFT HAE S
- 2 Abdol LY 82k 7143/ YE A (Toyota, Honda, Nissan) 2L 2I1& 7Hs4 =2
- LGHZRL, AL, AL A7)ake S EUA| S| MEL player S 7tsd &8 (AOEE, 7|3}, 223 S HA)
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=

e 2L Micro-2&2|E| A

= H A= oM
. Micro-222[E| 3 Ho|(2HF

& 3
2 A= HH(HA 2

o 222 ¢let e
s8)~> 3

e
A3t 24 S5, HA = S5)

el 22 S& 4ol

= Cjot H I-T‘E 0|54

- st AR -

cof| cifst A
Toyota i-Road (HA:M

n2ME) Toyota COMS

J
= 0|0] ZCH&£ =, SIS, S0l w2} Crst {2 22| (UN/ECE, 2013)
= e-Mobility(#17| 75 2£4-cH 0]l CHet QUMM I ok | =o| 2hdt
- EU % 23 A5o| B3 S4M 0
- 843} Al : France Renault Twizy (112t 12kcl), EU-Spain Hiriko
< J
KATECH #z:vsazy
el A 7HM Al - €& 31/52

0 2=

Al e

A% U2l AASH AUREA
Hy 7|2 ~50cc 50~ 125cc 125~660cc 660cc O] &+
ZO0|xFx£0| 2.5%1.3x2 m Zapec) 22 37) FapRC} 22 37| 3.4x1.48x2 m
k| 121 1~29l 49l 491
prpm. 30kg 2% 22y A% 1) 350kg

5 A L M E R |
HEER - 25 M AELT M TE 1T
TE A% E 5 0.6KWHE — =
e 0.6KWELT s s e kWi
ICUHERE A CC; CCi
(Pu i Wy ) RoccEll —125ccLl T —660ccLL 660cci
T R [ B — W ™
(FREFTE) BHEN - TR Ay prdcs 1-1 )

: i Pryhn SHRHY
R OEmET i 2ARYD SEE RN
-2 & 1,200mm REER1ADH HNBEEYUTa O B AT

=-PudmE

2 W8: 700mm
£ :1,090mm

S b

=
(RIE A — SR B/ EE
=4)

(=7 9] 3

- 2| :2,500mm
2% : 1,300mm
275 :2,000mm

REER2AL,

g £ =
= = wst
(smmsm=s |
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New Mobility
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EU - Micro Car 2§

Category L : Motor vehicles with less than four wheels

Arrangement of

Engine cylinder = 50 ¢cm?® = 50 km/h
a L, 3 Engine cylinder = 50 cm?® = 50 km/h Symmetric or
Asymmetric
L, 2 Engine cylinder 2 50 cm? 2 50 km/h -
L, 3 Engine cylinder = 50 cm? 2 50 km/h Asymmetric
L, 3 Engine cylinder 2 50 cm?® 2 50 km/h Symmetric
/ Mass(W/O Battery) 350 kg S
L ‘G‘;‘ Ls 4 Max. Power < 4 kW = i
L u Mass(W/O Battery) 400 kg
UD L, 4 (550 kg, vehicles for carrying goods) - -
;ﬂ Max. Power < 15 kW

* (A)Symmetric : (A)symmetrically arranged in relation to the longitudinal median plane
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Engine : Cylinder capacity < 50 cm?

E-Motor : Max. continuous rated power = 4kW 4 l

Wiz Engine (Spark ignition type) : Cylinder capacity < 50 cm?

3 Engine (Other internal combustion) : Max. net power output = 4kW 45 km/h |
E-Motor : Max. continuous rated power = 4kW

2
(wloside  Engine : Cylinder capacity 2 50 cm? 45 km/h 1
car)
Motorcycles

car)

Motor

3 Engine : Cylinder capacity = 50 cm?
Tricycles

Vehicles with 3 symmetrically arranged wheels 43 1

Unladen Mass (w/o Battery) < 350 kg

4 Engine (Spark ignition type) : Cylinder capacity = 50 cm?
Engine (Other internal combustion) : Max. net power output = 4kW
E-Motor : Max. continuous rated power = 4kW

45 km/h |

P 2,3
Lde ﬁ (w/ side  Engine : Cylinder capacity = 50 cm? 45 km/h 1

Quadricycles

b/ Unladen Mass (w/o Battery) = 400 kg (550 kg for intended for carrying goods)
L7e ﬁw & Max. net power = 15 kW 45km/h 1
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Mobility Integration for Service
(Urban, Travel, Event ..)
Charging System + Infra

Battery, BMS

Unified Controller

7H4& Platform (H/W, S/W)

Chassis Systems
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o

€ Mobility Integration and Green ITS
“Networked Smart Trip (Journey) Planner”

— Mobile All Transit : Reservation + Payment + Information
— Green Transport Mileage Points

€ Global Challengeable Vision

J

— Smart Grid Infrastructure

LR,
HIIAS) | qzi0paE 100% Smart Grid City by 2020

Hol® o2t HELALS

— Electric Vehicles
-Z (( @ )) 5 Up to 10% by 2017 from public sector
*.IAI’P + Upto30% by 2020 with public transit
‘ * 100% by 2030 for all vehicles in Jeju

Mobile App
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Mobility - .
as a Service — Eco Energy
Up to 50% by wind & solar by 2019
100% of demand by 2030
. . * Source: Carbon Free Island — Jeju, 2030 by Jeju Province
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0|2f Mobility H1e| 22 2|

- 0|2 #Hru-SAILAHS FHI5HA} -

Paradigm Shift from Private Transport to Door-to-Door Mobility
Technology/ Transport = Door-to-door Mobility

Connectivity

GenY New Vehicles: BRT, electric
vehicles, high-speed rail
Population Pollution New Business Models:
Growth Vehicle sharing, car pooling,
Vv Inter-connectivity: Inter-
Congestion 6‘\9“\ N modality
?a‘a Urban Planning: Integrating
. . '““\A transportation
Transport = Private Vehicle g“\ Globalisation Integrated Mobility: Mu,
Freedom Multicity
. A\Virtualisation i
Convenience Social
Status Energy / Responsibility
Natural
Progress i Resources
No Real Alternative Urbanisation
And more

“People will always change for a better alternative”
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Multiphysics Chassis Control R&D Center ()
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