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Electrification of Engine-type Motorcycles is Making Rapld
Progress
O LIB shipment capacity for E-Motorcycles in 2012 was 1,401MWh
O E-buses and E-trucks was 533MWh
O Chinais the biggest market for E-bus. The pace of expansion in the E-truck market
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®E-Scooter | 63 73 81 107 125 164 ¥ E-Truck 22 35 62 80 93 111
H E-Pedelec| 237 311 368 452 519 591 ®E-Bus China| 153 431 444 589 702 830
¥ E-Bike 518 987 952 | 1062 | 1216 | 1308 ®E-Bus 11 23 27 38 49 56
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Over 95% E-Motorcycle Market belongs E-bike

0 E-Motorcycles can be divided into 3 products:
E-bikes are almost all produced in China, and do not require driving

license.
O Pedelec (Pedal Electric Bicycles) use a motor to supplement the power of
the rider.
 E-scooters require a driving license and have higher motor output.
O Total shipments of these three types in CY12 more than 35 million units,
over 95% were E-bikes.
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Chinese E-bikes Continue to Use Lead-acid Battery

O Users would like to switch if they had enough income, so all they want
from E-bike is the price.

O The chances to replace to LIB are to set prices that undercut lead-acid
battery, or wait for lead-acid battery to be affected by production
restrictions or price rises.

0 From 2011, 1,600 small and medium manufacturers of lead-acid battery
have been ordered to suspend operations or close.
 The State Administration of Taxation and the Ministry of Finance are

planning to introduce a 5% tax on lead-acid battery (taxation on a 48V, 12Ah
lead acid battery Is expected to be 15-20RMB).

ESOEINES
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E-Bike Shipment almost a “Perfect Competltlon”

OThe share for the top 10 is approximately 25%.
O0700+ E-bike manufacturers
OJiangsu Xinri Electric Bicycle, the top manufacturer, shipped 2.2M units.

B Jiangsu Xinri Electric Bicycle

B liangsu Yadea Technical Deve lopme nt

N Acuma

M China Lifan (Group) Electric Bicycle Sale

B Weifang Bidewen Electromohbile
Manufacturing

M |deal Bike [ Dongguan Corp.)

W Shanghai Forever

¥ Shandong Incalcu Group

© Suzhou Heping Industry

B Luyuan Electric Ve hicle

= Others
TEBFIAFREE Copyright 2013
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Just 3% Use LIB for E-Bike

O Around 950k packs were shipped in CY12.

O Phylion are keeping the top share, but Lishen are increasing supplies to
local Chinese manufacturers

O Of around 33M E-bikes produced, approximately 2.9% used LIB in CY12.

E-Bike LIB Pack Shipment Trend Others
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Pedelec Shipments Growth was Slow in CY12

« Market remains limited to Japan and Europe, but Europe is rising.
 The average capacity in Japan exceeded 8Ah in CY12

* In Europe, the average has exceeded 10Ah.

« 25.2V for a 7-cell series pack in Japan

« 36V for a 10-cell series pack in Europe.

* Rapid shift from 2.2Ah to 2.6Ah 18650 cy-cells

SHIMAND

M TEG~EA
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Cell Maker can Directly Provide Service

O Cell maker can direct provide for pack: increase the profit rate and
uniform all the R&D activities

Motor&Parts Cell
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Main Supply Chain for Pedelec

Cell Pack
Sanyo Sanyo

Toshiba

YAMAHA

Bosch
Toshiba

Pedelec

Sanyo

Giant

YAMAHA

Bridgestone

Cannondale(%)

Schwinn(%)

NEC-TOKIN

Panasonic Panasonic

: TR Copyright 2013
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Bosch Battery Pack for a Pedelec

O Bosch battery pack for a Pedelec.
O SDI and LGC supply cells to Bosch.

I%E'ﬁﬁﬁ?ﬁﬁ Copyright 2013
Source: Bosch (2013/04) M ey All Rights Reserved
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Summary of LIB Pedelec Pack for Yamaha

Li-ion battery Product code X73-21
Capacity 5.7Ah (7S3P)
Nominal Voltage 25.2V
Cell SANYO (18650 Cylindrical) 1.9Ah
‘.' BMS board Size 55(H) x 140(W) mm

\

k 37---\*{*1%’-t—'}[,[zt:':ﬂl/'f'&t‘ BMSER(ABMEE—LE )

. -
Cell Label:R1112 \ BMS for Gas gauge. Temperature Mom'tor/

I%E'ﬁﬁﬁﬁﬁ Copyright 2013
Source: Yamaha (2013/04) A - navwrisiachnaioay All Rights Reserved 11
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Panasonic Cycle Technology for E-bike/Pedelec

_ Pack : Sanyo

Capacity 11.4Ah - 25.2V

Single cell 1.9Ah - 7S6P
Sanyo 18650Cy

BMS Size 58*137mm

Block T PEHEEE
MP monitors : RENESAS
AFE(analog front end) : Sanyo
Semiconductors

0 Panasonic Cycle Technology : Sanyo -~ NEC Energy
Device cell

PE—
|

I%Eﬁﬁﬁﬁﬁ Copyright 2013
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E-Scotter Main Player Supply Chain
Cell Pack E-Scotter
Sanyo YAMAHA

Panasonic CND L KYMCOCKTH )

Motive Power

NEC-TOKIN

EnerTech

Samsung SDI

; \ ZERO Motors
JS Power <\ SYM(= %)

AMITA TECHNOLOGIES INC
E-TON
Toshiba Toshiba HONDA
SB LiMotive SB LiMotive S&T Motors
: TR Copyright 2013
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E-scooters Around 30,000 units shipped
O Low-power motors are the mainstream in Japan and Taiwan
O American products have high motor power. While the markets are small,
the E-scooters demanded in each country are completely different
E-Scooter Motor Power vs. Pack Capacity # E-Mo EV3A BME-moving EM1AG
12,000 & SUNBOY EALDED w E-=gtar EALILY Export
Pack Capacity(Wh) Us N . {Lead Acid} (Sy mmenthy)
Tamm— A EVNT-2000 e-BLM & HDEP
10,000 — |
Japan . +#REF! =EC-05
8,000 +— Taiwan . % —EV-neo ec—Let's
India
L Europe mNaves A Nawelh
6,000 S .
s — 4 = GPR-5 * Zero MX
4,000 }{hﬁi a - hx‘- -~ o ZeroX +Zeros
' '+ B /
! .”-' X% J P -Zero D5 — Empulse 6.0
:_i T o
2,000 e y; k- = —— # Empulse 8.0 B Empulse 10.0
| B Motor (kW) Enrtia Plus = Enertia
D T { T T T
o 0 20 30 20 50 VKL VE-LL
- = WK1 L -VX-2
MiniSlze Small Slze RegularSlze
: TEFMAFEBR  Copyright 2013
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Sanyo DCV-101 Standardize Pack

14S6P
PackZE kN B 5

Voltage detection

2nd protection
charge/discharge current
monitoring, temperature
Detection

CAN communications

0] Minus
6cell unit 6cell unit 6cell unit 6cell unit 6cell unit
= - i| - - - + ] |/ - + - + ]

6cell unit

I |

ocellunit ocell unit ocell unit ocellunit Beellunit
+ . + . + - - 5 +
|: 6cell unit 6cell unit :| |: 6cell unit 6cell unit ] |/
: + H + . + . + ~/o-Q Plus

d Total production cost : NTD$11,100
O Capacity : 0.544kWh
0 NTD$20.4/Wh

I%Eﬁﬁﬁ%ﬁ Copyright 2013
Source: Sanyo (2013/04) A8 ipousristTechnology All Rights Reserved 15
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BMS- Sanyo DCV-101

v Automotive uP \ Amplifier / CAN Transceiver To batteries
To batteries R5F2123 \ NJRC 7052 \/ NXP TIA1040 SOkl
224 Protection IC EEPROM 8K Analog Switch Common Mode Choke
Mitsumi MM3284 ATMEL 25080AN Toshiba VHC4053A TDK (ZTY5001)

4cell Protection IC
MITSUMI MM3114

Bottom side

e —

3cell Protection IC Voltage Regulator P-chFET 75V
MITSUMI MM3113 MAXIM MAX5024 SANYO MP3003

TEFMAFEBR  Copyright 2013
Source: Sanyo (2013/04) A - navwrisiachnaioay All Rights Reserved 16
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EV Market is Slow. Should be Turn Back in Reality

O HEV has longer developing timeline, accumulated more know-how

0 PHEV/BEV are in the beginning stage to promote, still have smoothly growing
Q T Pessimistic viewpoint ; ?! T Realistic viewpoint | !

0 Compare with the IT battery Wh usage, total xEV market =11%, AESC=5%!

2012 Nissan Leaf BEV Shipment in JP/USA
k| eaf-Japan [ eaf-USA edsAccum.

3000 25000
2500 - 20000
2000
- 15000
1500
- 10000
1000
500 - 5000
0 -0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Leaf-USA 676 478 579 370 510 535 688 685 984 | 1579 | 1539 | 1489
Leaf-Japan, 987 | 1079 | 699 936 | 1401 | 1013 | 815 451 890 662 | 1312 | 870
Accum. 1663 | 3220 | 4498 | 5804 | 7715 | 9263 | 10766 | 11902 | 13776 | 16017 | 18868 | 21227

. ; r TR Copyright 2013
Source: Nissan, ITRI/IEK Analysis (2013/03) Research nsttute ™ All Rights Reserved 18
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XEV Alliances Effect the Technology and Format
HEV PHEV BEV
@ €\7 | panasonic | Panasonic| =% | Panasonic \’\'7/’“'
7 —&==d| Hitachi
‘.(UWJ Blue Energy
HS%;,A Company TOSHIBA
: TOSHIBA | @ LG chem TOSHIBA
Hitachi A123° @ LG chem
SYSTEMS
Panasonic | @LiMotive | Panasonic Joch(;r:gglzj)l( @ LG chem
HYB,_,,.,DF" @ LG Chem @ LG Chem @ Lachem| (SK)
Panasonic Panasonic Panasonic
s Panasonic Panasonic Panasonic
@ Johnson V))I( 3 @ LiMotive @ LiMotive
Controls SYSTEMS oot : ;
: TEFMAFEBR  Copyright 2013
Source: ITRI/IEK Analysis (2013/03) indusrialTechnolog All Rights Reserved
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The Average Cost is about USD$0.5/Wh

USD$/Wh EV Battery Bare Cell Cost
| |
AESC BEVE 33.1Ah 0.16

LGC BEVH 43Ah 3

LGC PHEVH 15Ah O

Sanyo PHEVH 21Ah 0.38

AESC HEVH 4.2Ah 0.4

Sanyo HEVH 5Ah y

Toshiba BEVFA 20Ah ¢

PEVE HEVH 5Ah 0.6

0 0.2 0.4 0.6 0.8 1 1.2 1.4
MR AR

- TR Copyright 2013
Source: ITRI/IEK Analysis (2013/03) Industral Tochnoloay All Rights Reserved 20
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Energy Density Still need to Improved

350
Wh/L .,
250

200

150

100

50

Nissan Leaf GM Volt Toyota Prius A Mit. i-MIiEV G

mCell 320 250 126 242
EModule 197 146 67 189
® Pack 73 98 35 67

180

Wh/Kg 160
140

120

100

80 —

60 —

20 —

Nissan Leaf GM Volt Toyota Prius A Mit. i-MIiEV G
dCell 157 146 73 109
OModule 133 88 68 100
OPack 82 81 34

n TEFMTHAFB Copyright 2013

Industrial Technols H
| Researchinsttute All Rights Reserved 21
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The Safety Issue Still Effects the XEV Market

2012.04 : China Taxi 2012.05.26 : BYD

GM Volt Lab
U

: I%E'ﬁﬁﬁﬁﬁ Copyright 2013
Source: ITRI/IEK Analysis (2013/04) MY o All Rights Reserved 22
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Nissan Leaf/AESC may possibly the Lowest Cost

St

7

AESC
BT RE 3.8V * 33.1Ah
RE
IEHB#1R-LMO 231.7g | 100mAh/g(70%)
IEME#4#-LNO 49.7g | 200mAh/g(30%)
PVDF-12% NMPLEAI 158.1g | PVDF 6wt% of cathode
fix & 15.8g | 5wt% of cathode
H1B-NG Core 120.4g | 330mAh/g
Anode-PVDF 12% NMP 52.8g | Binder 5wt% of anode
BRERE 120g | EC+DEC+LiPFs
e deeliipvodute, ) | Al/PP laminate foil 0.12m* | 261x216x2 sides
b gl N \ = | [ atmeEE 2 ps
- Battery module | | 550 0.72m" | 217x196x17pcs
24 module4f FizPack - ;@%ZPac ’ | SEsE 0.43m* | 220x199x18pcs
( i PPE B FREkRE+mono layer 0.95m" | 229x202x34pcs
SREMEAA USD$0.21
HEBENEER ]

Source: ITRI/IEK Analysis (2013/03)

TR Copyright 2013
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Source: Nissan, ITRI/IEK Analysis (2013/03) r

TR Copyright 2013
All Rights Reserved

Industrial Technology
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IModule 4Module —@— 2Module —@— 2Module 240N odule
1 . Module i Module
Module Module Module | Module .
4cell 4cell : 4cell ; 4cell
g ‘o_+ Senice [——
® I T Plug
Cean >
Current Sensor
O U 0 Edrmrdiila
— Module
[ [ f | acell
— —— Module Module
Module Module Module Module From Module
Acell 4cell Acell 4cell :
BMS FromThermistre
AModle 4Module —W)—  2Module -6N)—  2Module BOX From Lead Acid
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Nissan Leaf -Module

Service Plug BMS Box

Module

Case Power Supply CAN
Inter Face Tenmunal

%ﬁﬁﬂﬁﬁﬁ Copyright 2013
Source: Nissan, ITRI/IEK Analysis (2013/03) et All Rights Reserved 25
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Nissan Leaf-BMS(Cell voltage monitoring circuit + CPU )

Module No.1-3 Module No.4-12 Module No.13-17 Module No.18-24
Connector Connector Connector Connector

| il

AFE Custom

. I , T i Relay Control
Renesas (NEC) I T ¥ it e i g e, BT ORI ./

Toshiba TLP114B
Photo Coupler
Fujitsu
Relay
Infineon TLE42789
Voltage Regulator
5V Output
Toshiba TLP114B TDK ZJYS1IRS
Photo Coupler \ Filter
Renesas(NEC) uP NXP CAN SII EEPROM Toshiba TL5S8LTO0F
uPD70F3236 Transceiver $93C86 Tracking Regulator
32bit 20MHz A82C250 16k

. : TR Copyright 2013
Source: Nissan, ITRI/IEK Analysis (2013/03) Research nsttute ™ All Rights Reserved 26
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VoIt LIB Pack

72cell Module 94cell Module

Service PN voltage Monitor Voltage Monitor

04cell Module

72¢cell Module

Power
Output
Termmal
S4cell Module  T2cell Module 72cell Module . Pov.;:er Output
‘ Voltage Monitor Water Inlet/Outlet Termin alp
S$4cell Module o

Voltage Monitor

: TEFMAFEBR  Copyright 2013
Source: GM, ITRI/IEK Analysis (2013/03) Incuserial Thcsnology All Rights Reserved 27
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Water cooling

: TREZMHFEB  Copyright 2013
Source: GM, ITRIIEK Analysis (2013/03) it All Rights Reserved 28
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BMS A 30cells = BMS C 24cells BMS C 24cells

Thermistor n=5 |~ Thermistor n=4 & Thermistor n=4
72cells
(24S3P)

BMS B 18cells
Thermistor n=3

90cells (30S3P) = 72cells(24S3P)

S4cells
(18S3P)

TR Copyright 2013
n austrial Techneiogy All Rights Reserved 29
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Toyota Prius PHEV

NS
‘~n.¥5\}
A

/@r\\
I3
@jj

Source: TOYOTA, ITRI/IEK Analysis (2013/03)

Sanyo
EAMETRB 3.7V ~ 20Ah
&
IEHB#7#-NCM-523 132.3g | 155mAh/g
PVDF-12% NMP L 38g | PVDF 3wit% of
cathode
2 15.2g | 10wt% of cathode
B 1fi-Soft Carbon+MAGX 14.9+59.6g | 330mAh/g
MBS/CMC 3.9g | Binder 5wt% of
anode
BRI 75g | PC+DMC+LiPF6
fm SN 1 pcs
= 1 pcs
Hith g - E 2 pcs
058 0.41m" | 130x3000mm
S5 0.43m" | 130x3200mm
ZEMREIE+IEE M 0.95m’ | 135x3500mmx2
FREME TR USD$0.32
TEFMAFEBR  Copyright 2013
nausvidleanen All Rights Reserved
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Toyota Prius a

Pack Cost=USD$%$2,040

Less than 10% :

— HEV small capacity
— Less serial design
— No design cost

{A
%

iAIummum foil
~ -Positive-electrode material

© Organic electrolyte T ——u (NCA type)
B s O€Parator (PE/PP/PE)

ey
ceramics layer ! Negative-electrode material
Copper foil _(carbon material)

Polymer PTC Iayerf-g. -omivcar

r Eﬁﬂﬂﬁﬁ Copyright 2013
Source: TOYOTA, ITRI/IEK Analysis (2013/03) T All Rights Reserved 31
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EIELRBBEIHETR

Prius Alfa Cell Voltage Monitoring Circuit Board

74HC4051
Toshiba

8-channel analog multiplexer/demultiplexer Thermistors+ Switches

Connector
Cell Connection gl
B ROHM Regulator
1015211.2);1"119 D6 10N08 SE501D6
DENSAPO E DENSO Regulator
7cell Management
79F0102
Number is from Unknown pP

GND Level
Power lines & Cooling fan
& Communication lines

74HC4066 Toshiba
Quad bilateral switches

C451G NEC

Photo Coupler TIAmp Inverter OPAMP

- TR Copyright 2013
Source: TOYOTA, ITRI/IEK Analysis (2013/03) Research nsttute ™ All Rights Reserved 32
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LGC’s Road Map for XEV LIB Technology
Battery TecAh nqlogy Road-map

HEV Road-map

PHEV Road-map

EV Road-map

Power Energy Enorg_y
Density Density Density
(kWrkg) (kWhikg) (kV’h’ks)
A A d
7.0 kW/kg 200 Whikg g;:lt?:;nem
LMO/LTO Mnerich, Ni-rich
Non-woven 4 N !si, Graphite Q\QQ ﬂ
‘ e 0 Whikg °°° " 250Whikg
e A
_} 5.2 kWikg 7 ;Mcricn NMC C}' Mnﬂch )
NMC / High BET anode @ 180 Whikg Si- 8‘@ SIC composite
Functional EL additives LM, LFP &
N
Az Graphite
3.1%/2} Tt:': 160 Whk () 200kWhlk 1
{ raphite) @ g o g 4
wi’.f:c“,”g:m NMC cPca\‘ W i rien N b Q
: Graphite = () Graphite : \‘(\9 200Whikg
P 4.0kWikg Development _evelc_:pment o o° A il o8
ﬂ% %gduwva ~ Direction €155 Whikg Direction 0"“ 9 ‘\o [¥) s
v - : LMO-NMC o¥ ing
3.8kWikg ; ool
NMC+LMO S @ cractive
soft-Carbon \(\d“'e 165Whikg
160Wh/kg NMC Blended
High Temp. NMCILMO Blended Graphite
b 3 Graghite
12 "1 16 year 2 . " >
12 16 20 year 12 16 20
Direct Indirect Indirect Direct Indirect Direct Active Indirect Active year
Active Active Passive Active Active P — g
i il P % e s iy @ ) 7 N
o B 6 & 6= e o @ 0,
e *i_ﬁ, : e o ) o an- Indirect Active No cooling
{ |25 | g | | R || oAy e i,
\ / =2 ~ | 4 ! A it 2 P 2 \"1_
RRET T i _'_"_ LA ,Q (e st .
TR Copyright 2013
Industrial Technology All Rights Reserved 33
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BYD Still has Positive Attitude for EV

—— 20 e6 taxi in Baoji, Shanxi, from 2012
\\
/.-_\_{" 'f:\\.‘ (/-T_..j 4 :ﬁ\?w/?
o= ¢ o e Remd 50 K9 in Xi'an ,Shanxi
5 i & o~ R [
‘T:,'"-"L/V" s X H :'- - v i _,“ 1% _,'\B
3 “waennas ——“-—\“.‘ s ’ &3 v :: Q ::[.-C‘;‘T'
) Sy oo w e - —————— 12 e6 for the State of Council, China
s i cra T T e
5\‘; = = % “_ e P w—f
~“\f ) - »
LN -
\“\‘ & 2 - 3
“"\,‘,\,:.: ‘-...; > _.- )
o \‘7 sk h-“l\t,
j
L - ~ > | 50 K9 in Chang Sha ,Hunan
7 \
-~ & )
™ = 650 e6 for Shenzhen public transit system
Weight 5.95 kg
i S 200 K9 for public transit in Shenzhen
e6 Enert 60 kWh =
e B i Another 500 K9 are planned to put into
MocSpeed 10 kmh operation in 2013.
K9 (Bus) Energy 320 kWh
Range _ | 55 e6 run more than one year in
Max.Speed =70 kmh Shenzhen public security system

Source: BYD, ITRI/IEK Analysis (2013/03)

The maximal odometer of single €6 is over 260,000 kilometers:
The total odometer is over 32 million kilometers (in Shenzhen).
7]

The maximal odometer of single K9 is over 100,000 kilometers:

The total odometer in Shenzhen is over 10 million kilometers (in Shenzhen).

r TR Copyright 2013

Industrial Technology A” nghts Reserved 34
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148 models of EV Battery Capacity

@ PSA PEUGEOT CITROEN l

il CHRYSLER

MITSUBISHI J®\

@ Cod

DAIMLER

issanj 30~35Ah
@ 5% \

@ 25~30Ah

HONDA 1%

@

B 10~15Ah HYUNDAI DAIMLER

490 PSA PEUGEOT CITROEN |

- Iﬁﬁﬁﬁﬁfﬁﬁ Copyright 2013
Source: ITRI/IEK Analysis (2013/03) el All Rights Reserved 35
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Material Compositions and Suppliers for EV LIB-Pr

Sanyo PEVE LEJ BEC SBL HVE Toshiba
HEV/PHEVH HEV/PHEV BEV HEV XEV HEV HEV
5Ah/20.5Ah 5Ah 50Ah 4.7Ah 5.2 4.4/4.8Ah 20Ah
MR 45 15 Winding Winding Winding x2P Winding Winding x1~4P | Winding Winding
SRS Fiak=alki-] Fiak=—alki-] SUSE & i Fiak =Pk FiZk=Wali-S Fick=Wali-S Fick=Wali-S
Fuji Exceed Fuji Exceed Kuno Metal Fuji Exceed Fuji Exceed Power Precision | IMI/Ozawa
1B NCM LNO LMO/NCM NCM NCM/LMO LMO/NCM LNMO
Nichia Sumitomo MM Mitsubishi Chem. | Mitsubishi Chem. | Umicore/Mitsui Mitsubishi Chem. | Honjo FMC
BB Gr/SC Gr Gr mixture HC Gr HC-SC LTO
Hitachi Chem. Mitsubishi Chem. | Nippon Kureha Nippon Carbon Kureha/Hitachi Titanium
Graphite+ Showa Chem. Industrial
EWRR& EC Type EC Type EC Type PC Type EC Type PC Type PC Type
Ube Mitsubishi Chem. | Mitsui Chem. Mitsui Chem. Panax-Etec Ube Mitsui Chem.
B Bl P ZERT ZERT PE &= PE &= PERIVZEEZRN | TBZIN Celrose
Ube Ube Asahi Asahi Tonen/Celgard Ube Nippon Kodoshi
§58 ) [ERSE B B BiE [BRFE [ERFEAI
Furukawa Hitachi Cable Furukawa Furukawa Iljin Hitachi Cable Nippon Foll
Shut down No Yes Yes Yes Yes Yes Yes
P& EM HRL HRL No No SFL No No

Source: ITRI/IEK Analysis (2013/03)

TEFMAFEBR  Copyright 2013

Industrial Technology
Research Institute

All Rights Reserved
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AESC AESC LGC LGC EnerDel EnerDel Al123 Litec
BEV HEV PHEV HEV BEV HEV BEV BEV
33.1Ah 4Ah 15Ah 5.3Ah 20Ah 5Ah 20Ah 40Ah
i 4E1E | Stacking Stacking Bi-cell rotation | Bi-cell rotation | Separator Separator Zigzag Satcking
stacking stacking envelop type envelop type sacking
stacking stacking
SINTES DNP DNP DNP DNP DNP DNP DNP DNP
IE#B##8 | LMO/LNO LMO/LNO LMO/NCM LMO/NCM NCM LMO LFP NCM
HAREIT/=# | HAEI/FH | FHIZE FHIZ FHIZ FHIZ A123 BASF
EB/FHIZE | 1% /Umicore /Umicore in-house
giBsR | Gr HC Gr/HC scC HC LTO Gr Gr
Hitachi Chem. | Kureha Mitsubishi Mitsubishi Kureha Titanium ConocoPhilips
Chem./Kureha | Chem. Industrial
ERR& EC Type PC Type EC Type PC Type PC Type PC Type EC/PC Type EC Type
Mitsubishi Mitsubishi In-house In-house ElZEm Daikin oh B Evonik
Chem. Chem.
s Bk P PPz, ZRERZT PPEZT, PPEZT, PE® PE®I PPz, PET Non-
Celgard Ube Celgard Celgard Asahi/Toray Asahi/Toray Celgard woven
Tonen Tonen Evonik
#1158 B EfE EfE EfE B %/ BRI [BRSEAI Bk [BRIE
Furukawa Furukawa LS Mtron LS Mtron Furukawa/Nip | Nippon Furukawa Hitachi Cable
pon Foil/JX Foil/Toyo
Nikko Alumi
Shut No No No No No No No No
down
BEEM No No SRS SRS No No No On Separator

Source: ITRI/IEK Analysis (2013/03)

TEFMAFEBR  Copyright 2013

Industrial Technology
Research Institute

All Rights Reserved
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E-Bus and E-Truck are another

HEMMHEZEBE /S A EFHEBEARREKE

Japan- USA xEV Bus- Truck Shipment Trend
{ Kunits/y) New Flyer {Bus) Smith {Bus)

12

Thomas (Bus) GM (Bus)

10 —
Navistar/IC (Bus) = Daimler {Bus)

= Vvolvo {Bus) BTOYOTA (Bus)

il B
] Hino (Bus) W MitsubishiFuso {Bus)
6 — B Smith (Truck) W lveco (Truck)
] ® Volvo (Truck) B PACCAR (Truck)
4 W Navistar (Truck) ™ AzureDynamics (Truck)
®Daimler {Truck) ®Daihatsu {Truck)
2 N ETOYOTA (Truck) MNissan (Truck)
™ I I I I M Hino (Truck) B Mitsubishi Fuso  {Truck)
o | | | | | | | | | | | | 15CY

03CY 04CY 0SCY O6CY 07CY O08CY 09CY 10CY 11CY  120Y  13CY  14CY WISUZU (Truck)

EMost for HEV
BHino * TOYOTA: Ni-MH

TR Copyright 2013
Source: B3 Corp,. (2013/03) industral Technoloay All Rights Reserved 38
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The Supply Matrix is

-----------------------------------------------------------------

r:’ TOYOTA G
O S S L L (o,
[}
i TOYOTA
! ; Hino- Dighatsu
JAPAN || P
i
1
1
1
1
1
' | Mitsubishi Fuso |‘£|- Continental
Fy Paccar G
R
I F’ . .
H Freightliner
i
! Peterhilt |

U.5.A.

| Kenworth |

| =h P.Iljé’un Tra_p(smissiun

/ _ Defphi SB Limotive |
| Fher(Dc) | / /
| Azure Dvnamics |N Johnzon Gontrols |
| Navistar-Modeo |¥® |

Yalence

L Smith Electric A
iy Yehicle /"
Jf’f -------------------------------------------------------------- “"\‘
1 1
1 1
1 1
i i

| Daimler AlZ23 | i

Europe H
T 1

U VOLVO !

i T

LY i

: TEFMAFEBR  Copyright 2013
Source: ITRI/IEK Analysis (2013/03) A il Tecinology All Rights Reserved 39
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Outline

4 ~
~ Y
4 ~
N\ Y
4 N

Conclusions
~ Y

TR Copyright 2013
austrial Techneiogy All Rights Reserved 40

Research Institut:



|EK Egamaigsmazdil EVTAIWAN G

EIELRBBEIHETR

Battery is Important, but Anything Else?

‘Batterycost +  Vehicle cost  — Incentives

-

Vehicle
purchase

price

"i-----------ll‘I

-
M)
n
[
u
u
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u
u
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u
[
u
u
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u
u
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n
u
[
n
u
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u
u
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u
u
[
u
u
[
u
u
[
u
u
[
u
u
[
u
u
[
n
u
[
n
u
[
n
u
[
n
-

-

single-charge Charging

drivingrange infrastructure

_ Mormal charging at home or storage location

Power consumption (km/kWh) Fapid charging atvisited destinations and public spaces

O Still need other factors improve
0 Recent material/supply chain may have the chance to restructure
O Both making the battery cost lower and improve the performance

- TR Copyright 2013
Source: ITRI/IEK Analysis (2013/03) Industral Tochnoloay All Rights Reserved 41
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)

Applications Demand Leads the Battery Tech

e

E-two-wheels
« Mainly Lead-acid, LIB begin to earn penetration
« China have special "333. : 30M, 3 years, 3%!

» Pedelec/bike can use cheaper energy 18650 directly
» China has more player use laminated cell

~N

Power Tool

» Steady penetration from NiCd to LIB
« 18650/1.5Ah power cell mainly
» 2013 recall happened

H1500 ‘

\_

ESS

« 2012 : 317MWh for the LIB

« Japan market finally small in 2012
« Emergency and special usage limits the market
 Light and smoothly growth in UPS, base station, PV/Wind power

TRIZXMAKBE Copyright 2013

Source: ITRI/IEK Analysis (2013/03) A il Tecinology All Rights Reserved
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Market Reality

-

XEV

~

~

* To be realistic thinking
* 10~30% annual growth

« Supply chain restructure and next generation
material series

J

o
-

o

E-Bike/Scooter

/
~

* Engine-type motorcycles satisfy all attributes oh
price, performance and quality

» 18650 may the answer to compete with Lead-
acid

« China market still need time to get down the
rule

« Euro/Japan market is smoothly growing J

J

Source: ITRI/IEK Analysis (2013/03)

I%Eﬁﬁﬂﬁﬁ Copyright 2013
ochne All Rights Reserved
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"Smiling Curve 1 Concept for Battery Industry

Up-stream :
Material

-

Cell manufacturing

S

Pack/System sgpply

i

Profit
Rate

10%~50%
(Depends on differ items)

<10%(energy cell for IT)

5~10%(OEM only)
5~15%(ODM service)

Value-
added
And
Profit

C

<15%(power cell)

D

Focus to the demand,
make special
characteristic and China
High Voltage, energy

186507!
Laminated growth

density

Always strive for keeping
the ODM design
capability and advantage
New Market, new buyer,

Source: ITRI/IEK Analysis (2013/03)

TEFMAFEBR  Copyright 2013
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