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Focus to Discuss on LVS/HEV

‘————q

XHEV syste
_ y n'l IModerate Strong I Plug-in
Function | ; '
Start cranking : * * * I x * | %
Regenerative braking | * * | Kk *kk || hokk
Start assist | * |, *x *hkk || dkk
Power assist I * | * K * %k | * %k
EV driving | | * *k | Kk
Battery voltage/V | 12 12 36-48 |, 100200 | >150 | > 150
| Fluid-type lead storage | |
battery I |
= |
Battery type : I I
| I Li-ion ,
CO2 reduction effect/ % * | <4 4-7 8-12 I 12-15 15-20 IS 20
System cost ratio * | 100 150 1000 (| 2500 3000 || 6,000
Cost per percent reduction | >33 22-40 80-125 ]| 170-210 150-200 j <300
— e — o —— — LI —

- r T MR Copyright 2016
Source: Furukawa Battery, ITRI/IEK Analysis (2016/310)3 e All Rights Reserved
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Reasons to Promote LVS/HEV/XEV: Vehicle Energy-
Saving Control/ CO: Emission

All the developed/developing countries have to follow the target

159g CO2/km is challenge for ICE, China: 117g COz2/km in 20207?!

Lower CO2 emissions in long-term are the most important driver for society
and government both, average reduction target is 40% from 2015 to 2025

270

=& US-LDV
O o Q = 1 19
a 250 @ = California-LDV
2 Canada-LDV
S 230 EU
b Japan
= 210 ‘,)
© o= China
§ 190 wiie= S Korea
e
7 Australia
S 10
()]
S “
= 150
= hC!
. % “
g 130
S ‘ , S . g US 2025
O Solid dots and lines: historical performance; g 107
o 110 Solid dots and dashed lines: enacted targets ! m
2] Solid dots and dotted lines: proposed targets
g Hollow dots and dotted lines: unannounced proposal
— 90 I L L L L 1
o 2000 2005 2010 2015 2020 2025

. r TERMAAFEE Copyright 2016
Source: CEPRI, ITRI/IEK Analysis (2016/05) Indugeria!Tachnology All Rights Reserved
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CO: Emission Target & Annually Deduct Rate by
Main OEMs in China

CO2 Emission | CO2 CO2

in China Emission Emission Reduct Qty
in 2014 Target in (Annually
(g/km) 2025 (g/km) | Deduct %)

CO2 Emission | CO2 CO2
in China Emission Emission Reduct Qty
Target in (Annually
2025 (g/km) | Deduct %)

Annually Annually

in 2014
(g/km)

Toyota
Honda
Nissan
Mitsubishi
Mazda
VW

GM
Ford
Daimler
BMW
Renault
PSA

171.1

167.9
159.6
184.5
146.1
161.4
170.4
168.8
191.1
172.1

197
173.6

103.7
102.8
98
106.4
98.5
102
98.4
106.1
124.4
118.1
112.8
101.8

6.2 (4.5%)
5.9 (4.4%)
5.6 (4.3%)
7.1 (4.9%)
4.3 (3.5%)
5.4 (4.1%)
6.5 (4.9%)
5.7 (4.1%)
6.1 (3.8%)
4.9 (3.4%)
7.7 (4.9%)
6.5 (4.7%)

Fiat
Hyundai/KIA
SAIC
FAW
DFM

BYD Auto
Chery
Changan
Geely
BAIC
JAC

GAC

TERFZMMAFEBE Copyright 2016

Source: MIIT, EEA, NHTSA, ITRI/IEK Analysis ( T4 s S
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219.9
165.4
169.1
179.1
173.2
156.5
165.9

154
151.8
170.8
177.7

197

123.5
97
99.2
103.9
100.5
98.5
97.2
93.1
98.9
94.6
108.6
107.9

8.8 (5.1%)
6.2 (4.7%)
6.4 (4.7%)
6.8 (4.8%)
6.6 (4.8%)
5.3 (4.1%)
6.2 (4.7%)
5.5 (4.5%)
4.8 (3.8%)
6.9 (5.2%)
6.3 (4.4%)
8.1 (5.3%)
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The Effect of Carbon/ZEV Trading System

e A RS RN E 5% I R D 2

R B A 7 £(2016)1768 §
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s S RE R R RAOES AR & R RS A E S RS R
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S8ABEWMEMPTERL

BREABED X1

i, i +010-68502676 010-68501602

% K .010-68501571

MAE(FEREENATEERTELEZ)(ERELE) X Kol

B Detailed draft of cCaQrbon/ZEV

trading for ICE has been

disclosed

B National target: 117g CO2/km,
5L/100km in 2020

B ICE improvement: 1.5~2% per yr

B Chinese OEMs need to be allocated
by the market share

B Carbon emission right can be traded

B XxEV promoting will be treated as
“positive factor” to the judgment of
production identification

B XxEV promoting will be treated as the
worthy right to sell

B Wondering:

B How to judge the price?

B HEV, LVS still can deduct
some CO2 emission, how to
treat them?

Iﬁﬁﬁﬁﬁﬁﬁ Copyright 2016
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Outline

The market trends of HEV and related batteries technology development
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HEV Sales in 2015: 1.61M, YoY=-9%

B Effected by low petroleum price, cancellation of subsidies (parts of US, UK) & models progress
B The biggest market JP: 869,100 units sold and YoY=-8.1%
B US: 384,404 and YoY=-15%!!!
B EU & Chinawas growing: 21.5% & 124%
2008-2016H1 WW HEV Sales by Region (Units/CY)
2000000
1800000
1600000
1400000 ot
1200000
1000000
800000
600000
400000
200000
0 2008 2009 2010 2011 2012 2013 2014 2015 2016H1
mOthers 26400 28900 84000 77000 163000 247000 172000 110000 32500
m China 1830 1460 6000 6350 6769 14665 7772
m Euro 73300 84700 101500 103500 127000 171740 192664 234170 96008
mUSA 313700 292500 275000 276500 434500 495700 452152 384404 142292
® Japan 110900 349570 483200 456200 863550 838550 945745 869100 344670

: TERFZIMMAFEBE Copyright 2016
Source: FOURIN Database, ITRI/IEK Analysis ( LYY rechnolosy All Rights Reserved
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HEV Market Share: Almost Monopoly Market

WW HEV Sales Market Share in 2015 (Units/CY) B At current fuel pricing, value

Fuji , 11582, PSA, Benz, 3000, Mazda,

proposition of HEV to potential

1% 5800 GM 0% 2363, 0% customers is difficult

Nissan, % 900
Ford, 31768, 2%

47261,3%
O

Hyunda
/ KIA,
50459,
0,
3% B
Honda,
260000, 16%
H
H
H

: TERFZIMMAFEBE Copyright 2016
Source: FOURIN Database, ITRI/IEK Analysis ( LY rechrotoar All Rights Reserved

VW, 900, 0% : e
% ° ® Only 4~8 companies are active in

HEV:

Toyota: 74%!!!, leading in
sales, product and
technologies

Honda: Continue to fight and
deliver LIB HEVs in 2016~2017
Hyundai/ KIA: Good Sonata
sales in KR but decreased in
US, IONIQ with LIB in 2016
Ford: C-MAX & Fusion with
LIB in 2018

Nissan:

B From 2017, Honda (GAC), Ford,
BMW will begin to deliver new
models and join in
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Future Forecast Effected by Oil Price and New
Models Reputation

B Nothing will worse than 2015
[
|
|
3500000
3000000
2500000
2000000
1500000
1000000
500000
0 2014
m Others 172000
® China 6769
mEuro 192664
mUSA 452152
E Japan 945745

Both New models promoted in JP & US can enhance customer’s confidence
EU & China showed better performance in 2016H1
Unless oil price becomes lower, we can predict 8~11% growth and occupy ~3% of WW vehicle sales

2014-2020 WW HEV Sales Forecast (Units/CY)

2015
110000
14665
234170
384404
869100

Source: ITRI/IEK Analysis (2016/10)

2,653,000
ZOZI:L00 I I
2016E 2017F 2018F 2019F 2020F

122600 134000 200000 240000 280000
90000 155000 200000 300000 400000
265000 306000 372000 450000 488000
492000 550000 625000 695000 760000
1054500 1235000 1256000 1260000 1275000
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XEV Alliances Effect the Technology and Format
12V/48V HEV Notes
@ =E‘-C§- Panasonic| NiMH: average 200V/1.4kWh, only Prius 4th & Prius a adopt LIB
@ Hitachi| Pouch/245.6V/1.4kWh from AESC & Cy/144V/0.7kWh from Hitachi
¢RENAULT
O BEC || Toskisa | Pr/ 144~259.2v/0.68~1.3kWh LIB mainly
gﬁg TOSHIBA
Sﬁm TtosHiea | Hitachi
m Hitachi 115V/0.5~1.5kWh Cy & Pr LIB
< | JIIP Panasonic | ¢ZET® | 280v/1.4kwWhiPr
w Panasonic Parts from 288V/1.7kWh/Cy NiMH, Others are 266V/1.3kWh/Pr LIB
D | I | @ Lo crem | Panasonic
@ @ o chem | sotmson (| sormson ¢ | @ mmmm| 317v/1.35kWhiCy LIB
DAIMLER o sonson )0 | e 126V/0.82KWh/Cy LIB
=23 @ vc chem 270V/1.43KWh/Po LIB
e Aol W @ LG Chem w
& @ LG chem

Source: ITRI/IEK Analysis (2016/10)
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NiMH is Still Mainstream in WW HEV Battery

B Almost every HEV OEMs choose LIB for further models except ToyOta
B Toyota: Only Prius 4" & Prius a adopt prismatic LIB
B Other OEMSs: LIB for further new models
B Both average pack price from NiMH and LIB: USD650~780/kWh
4000000
3500000
3000000
2500000
2000000
1500000
1000000
500000
0 2014 2015 2016E 2017F 2018F 2019F 2020F
mHEV LIB 459900 443500 745000 1095000 1292000 1488000 1750000

mHEV NiIMH 1625000 1552000 1638000 1750000 1790500 1847000 1943000

- TERFZIMMAFEBE Copyright 2016
Source: ITRI/IEK Analysis (2016/10) Indusrial Teehalyay All Rights Reserved
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Development of Li-lon Battery for Toyota
Hybrid Vehicle

Newly Developed Lithium-lon Battery

Relocated Battery

1st generation cell

2nd generation cell

Luggage area

502 £ (+562)

Current Prius

New Prius

Voltage 3.6V 3.7V
Capacity 5.0 Ah 3.6 Ah
Specific power | 2950 W/kg 3920 W/kg
Weight 245 g 204 g

Dimensions

111(W) X 14.1(T)*x91.8(h) mm

137(W) x 13.3(T) X 63.3(h) mm

Newly Developed Nickel-Metal Hydride Battery
Size reduced by 10%

Battery volume (L)

Current Prius

Source: Toyota (2016/01)

10%!
e

New Prius

Charging performance improved by 28%

Amount charged

4th generation Prius Li-ion battery pack

per unit of time

Current Prius
Note: assuming a battery temperature of 25°C

TEFMAEMR Copyright 2015

Industrial Technology
Research Iristitute

£

Cell quantity

56 cells (28 cells x 2 stacks)

Voltage

207.2v

Energy

0.75 kWh

Weight

New Prius

24.5kg

Volume

305L

All Rights Reserved
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Development of Li-ion Battery for Toyota
Hybrid Vehicle

2011 Prius a Cell Design 2016 Prius Cell Design

(romommmmmnsmen T Terminals ive matari

: Electrode W Electrode Actwi u- ienal
MU |W

| Subtate (A) ! '/\ Substae [AI]

|

Separatr (PPIPEP)

Heat resistant
Separator (PPIPE/PP) Layer (HRL)

|
l |
' |
| |
|
o N
’
I ! \ I
| / I .
| / Substrate (Cu) I |
: Heat resistant — Al Case : = |\
| Layer (FRU) Cive melera | Active metera
' (Amurgguus csrbun \ ! (Amorphous carbon
: ol gt : coated graphite)
e cccccccssssssssssssssssssa=a= F lecceccccccccccccccsccccccacaamae=

I%Eﬁﬁﬁﬂﬁ% Copyright 2015
Source: Toyota (2016/01) MY e All Rights Reserved 14
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Outline

.

(The market trends of ISSV/Micro HEV and related batteries technology
development
.

7

TERFZIMMAFEBE Copyright 2016

Industrial Technology All Rights Reserved

Research Institute



|EK Egmmmmanmnti

Concept of Micro/Mild Hybrid

B IncludeISS, 12V & 48V system
B |SS & SLIcan be handled by lead acid battery, but enhance the fuel economy needs to consider

multiple choices

ISS dual power system 12V/IISG 48V/ISG
System
[12v Pb|[12V Li] 112V Pb|[12V Li] 12V Pbl|48V Li|
Electric machine Starter, Alternator ISG ~ 5kW(12V) ISG ~ 10kW(48V)
Recuperation v v v
Vehicle Stop/Deceleration v v v
ISS
Coasting v v
Power Assist Additional assist ~ .nm v
EV (Creep) -~
48V High power source v
Power supply redundancy Safety equipment for drive& Power redundancy +Actuator (Safety devices)
Fuel saving [%] 20 - 6.9% 13.6% 15.6%
(compared to non-ISS car) ] Coasting” 0
NEDC 10 A J
. ] — — Recuperation Assist
1.8L Gasoline (CVT) = Deceleration
o] —1— Vehicle Stop
*Coasting in EU currently considered an Eco-Innovation (max. 7g/lkm CO, fleet average benefit) using a Modified version of the NEDC (mNEDC) defined by EU Commission

Source: DENSO in AABC Europe 2015 (2015/0

T MR

Industrial Technolog
Research Institute

Bt Copyright 2016
All Rights Reserved
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The Main LVS System Configurations

Mo, Company oystem Block Diagram

1 Conventional
Lead Acid

alternator Load 1 Starter H
: . 12v =

2 MNissan- Mitsubishi
Lead Acid

alternator
12v
Switch
3 Suzuki
alternator Lead Acid
12v
DCODC
Converter
4 Mazda
Step Down
- Lead Acid
alternator Starter

12v

- TERFZIMMAFEBE Copyright 2016
Source: ITRI/IEK Analysis (2014/04) Indusirisl Technuiogy All Rights Reserved
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The Main LVS System Configurations

DCDCD
Converter
5 Honda ;
) Stepup . i
alternator Capacitor ar down Lead Acid | Load 2
Max. 16.0V 12y : 12V
DCDC
48V System Converter
G Load Sided Stepup
Fxtension alternator Lenr il
12\
—
DChC
48V System Converter
7 Generator Sided
Extension Stepdown Lead Acid
It t '
alternator 1M
DCDC Stepup
Converterl
5 E4[I)3I3;S ':‘fstlla] md DCDC Stepdown
etho Converter?
EDLC Lead Acid
alternator 48V (13-48V) -

Source: ITRI/IEK Analysis (2014/04)

TERFZIMMAFEBE Copyright 2016
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LVS Occupied 16.6% in WW Vehicles Sales

B EIA : penetration rate may achieve 42% in 2024

B 2015: Euro and Japan are the leading shipment region
B Euro: 6.2M within ISS/LVS, JP: 2.13M, China penetration rate is lower 4%?
B Susuki: 41.1%, PSA=19.1%, Mazda=14.8%, Nissan=12.6%, Honda=7.9%
B Lead acid: over 90% (JCI & others), LIB: 2.5% (Toshiba & others)

B Become standard part of high-end models design

B Target: build in WLTP in 2017 or solutions of 95g/km emission target in 2020

12013 2014|2015 | 2016E | 2017F | 2018F | 2019F | 2020F

Units of Micro/Mild 6.03 1257 1444 17.05 1951 22.32 26.57 32.3
Hybrid cars (Million)

Battery capacity of 2940 6725 10860 14112 19974 23446 36400 45562
Micro/Mild Hybrid

(MWh)

: Iﬁﬁﬁﬁﬁf?ﬂﬁ Copyright 2016
Source: ITRI/IEK Analysis (2015/06) M ot All Rights Reserved 19
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DENSORIFBEERET12V-ISS - EEBEEE

B No assistance for moving off and acceleration
B Toshiba SCiB : total cost of the LIB pack=USD$140 s & & 3% 4.2%

B 2012 % &4 o 3 428509 £ % KRBT 5%

N né(é n EE

SOP September 2012 SOP October 2014 P " Cell
3Ah 3Ah : g I
Kei car & A-Segment Kei car & A-Segment g 2 || |]
ISS & Recuperation only ISG operation #0120 240 360 4503 PO o0 el B TS

* Primary Heat Sources « MOSFET
LG MOSFET ¢

Heat Sink

Carrier

) Structure

Assembling DENSO Y Pb Battery Connection Terminal

Nominal Voltage 12.0V

Capacity (551P) 36Wh (3.0Ah)

Size (mm) 200x 178 x 70 g . 9"~ Ventiation Duct
(249 L) ;.:g.;\:?;:;&yhlrodule !

Weight (g) 2,500 (M Comectons

Weight: 2.5kg

- TERFZIMMAFEBE Copyright 2016
Source: DENSO, ITRI/IEK Analysis (2015/01) e bbbl All Rights Reserved 20
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DENSORISEE MERET12V-ISS - EEBEEE

7778 : TS
] £ Bo

WE L2V A e ¥ hE s
68.5%¢E £ P R E A 1 F =
p2+ 270> ¥y § 210ANT i R4

Bt SR EME WERRE T il 4 - TRFERT - SOCT i+

e E e ERTd e 8

-4 H 10Ah2_ 37— A & & » £u8~15.5Vik it T R/LI0Ah T 7 £ /484F « ©t s pedndk
§ f4®/53E AT S PMOSFET Switcheé ;8% 3> A g £ M6 T :

AL~ 4 gka.l. °
~~
ltems Performance

3 )
M'-‘l
(B
_‘}:
EL]

k¢
& (e

'a\ -

i
=

M

Operating Voltage 8V to 15.5V
Nominal Capacity 10Ah
Battery cell type LMO/LTO prismatic can Small
Number of cells 5
Volume ~5t 5.0Ah
Key technical developments Medium ii?;/tjﬁjéen’l';r'izt!‘
. " required <5Ah
1. Advanced Manufacturing Techniques
= High quality / low resistance welding integrated into a proven assembly line
technology refined by DENSO’s mass production expertise
Li-ion - - Pa—
cells 2. High Performance MOS-FET Switch Large m
« High power density MOSFETs developed using proven technology leveraged -5 p
from power devices division l?:(;z?rlglﬂg tvoe?l(;fhs

THEEMMAZEBR  Copyright 2016

Source: DENSO, ITRI/IEK Analysis (2015/01) ol e All Rights Reserved 21
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B Toshiba LTO &ith#%iliSCIB

Target Segment in Electrification S(B Recent Status of Start & Stop System S(’ B
. A m w “Dual battery” concept to be kept

Nominal Capacity ::.: ' [Nomina e Movement of Gen. 3 to 4 has already started

Hominal Voltage (15Vi0z9V) = 23V
7 Output Power azow Nominal voltege (1.5V 10 2.7V)

1BOCS0N, 105 2500 Energy density 176WhL =

| o P | s i, 25005 Dimensions  |H103 x W115 x D22 mm|

mmm | N!Pu\;{;::‘llmm Weight 515 Item list

_ -+ [additional function |
|SS/ Mild Strong PH EV . For 4t Gen
ICE HEV HEV RE . Crankin
: Micro HEV : T : ; l 3rd Gen E

Recuperation
E/G OFF

'stGen | pefore stop = BOLES Coasting

-Fuel efficiency
-Cost / CO2 reduction m
-Popularity of function

Fuel efficiency
CO02 reduction

| 12v . - :
| idling stop | E/e OFF | :
Market Trend I ICE l E
“Advancement of “Public & Commercial Years =
Start & Stop system” transportation”
Eﬁ.".'.'ﬂﬁ » Toshiba Copyright 2015, Confidential 6 :'.'.'lf.".'.!ﬂfn o Toshiba Copyright 2015, Confidential §
Requirement for Next generation Start & Stop S(B System of Next-generation Start & Stop S( B

Multiple possibility in Dual-battery
System concept & voltage harmonization are key factor

Toward the 4" generation,
the system requires further power & energy for battery

— Next-generation (A)

1 Main: SCiB + Sub: Lead Acid
3 o)
£ ‘ max.150 ~ 250A Longer t_ime to supply ./
S 10s ~ 30s — power in vehicle i

SCi I Pb [
= _ sw 8 g
I [01s 15 10s 30s 60s Duration(s) = o

b
-
Bloay B - % ) (sm) 2L | |2
3 60s< a [~ "
o m ) Next-generation (B)
Parallel: SCiB+Lead Acid
% max. 200A <20s for ISG — .
s R f Conventional
Fi - ALT| scie|  pp -
© g“_:;‘: 1;"00“ peak 5 Increasing current sT ) | or g
l ' demand 156 I I g
TOSHIBA . . .
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Mild Hybrld/48v,%.%fﬁ1 20 B R B
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Defined by DIN IEC 60038

_ Comactprowctonrange :
Overvoltage range 58V &
. 54V
3 Upper operating range with functional restriction 52V
:
e a]
g6
238 _ Operating range 48V
s without functional restriction
el
36V
Lower operating range
with functional restriction
24V
Undervoltage range
20V

Iﬁﬁﬁﬁﬁ?ﬂﬁ Copyright 2016
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B 4g % & g (Audi, BMW, Mercedes Benz, Porsche, VW) B % #% & ¥ » 48V 3 32 & 3+

%E‘l *12VE 4 ppigga o FEAH ],43— BB A8ViLE #*su.f,ad R f—';;elgtgi

B FEWA 4T3 8d12VE &i‘@ﬁ]_..&'pgfi*ﬁ o - IMA T A BEZ DC/DCe i
2 E LT REG HH VAT > £ EAT SRR B T

B H>48VE AV HEIOKWR &% » FPEFE XRS5 TDII% A & 4vA6 TDI% 4 2

7SS

Audi RS 5 TDI concept s
et e 12VET:t
| 12VEH 48VETth
12V T

TErEEED) AR IEE R 48VEfl —  DC/DCégffazd —

I%iiﬁﬁﬁﬁﬁ Copyright 2016
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Johnson Control L #E BBt & Bic $n g /it ZE R ExET

B 333 20174& 5 12V848V2 A ki

B 2017# % % > 12VE i s ¥ b > 2201718 & fy
- F) R Af 38 b0 % 48V
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Micro Hybrid energy storage development
Technology roadmap tied to evolving vehicle architecture

Vehicle Evolution
2016 » 2020+

@
b

% % Integrated starter/generator

£ 2

> g ® Dual power net and Power conversion (48V - 12V) ® Load migration to 48V
u Accessory electrification (electric power steering, boost, ...) u System reliability

Dual Energy Storage S

12V Lead-acid 12V Lead-acid 48V Li-lon - optimized
® Cold-cranking u Key-off loads ® Boost / regeneration

u Key-off loads ® Cold-cranking

ESS Development
Path

48V Li-lon . K # load
48V Li-lon ® Boost / regeneration SV SEE O0CS
® Boost / regeneration # Cold-cranking

I%iiﬁﬁﬁﬁﬁ Copyright 2016
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Outline
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The future potentials and key factors to develop 48V market
. J
( )
. J
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Policies & Requlations for 48V System

in use: ECE-R100 amended for 48V-Systeme (insulation resistance not applicable for 48V-Systems) |
* insulation resistance
crash: four options in ECE-R94 /-95 ) ab%‘?nce of hlg.h voltage v
* barrier protection
* low energy
Battery: ECE-R100.02 amended for requirements for traction batteries v
Bl— | in use: no requirements v
insulation resistance
absence of high voltage , crashed within a
velocity range from O till 48 km /h at front
crash: two options in FMVSS 305 impact on a barrier, till 80 km /h at side thd.
impact, till 80 km /h at impact of a moveable
barrier, therefore additionally barrier option
necessary
Battery: no requirements v
in use: GB/T 18384, GB/T 19751 ? Are there any regulatory issues in China
crash: GB/T 19751 ? > regarding 48V systems? Y

Battery: QC/T 743 7

E>We would like to cooperate in future

- THEEMMAZEBR  Copyright 2016
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Given the rapid pace of change in cutting-edge technology and industry development, the timeliness and comprehensiveness of the information included in this presentation cannot be guaranteed by ITRI.
Users of this presentation shall bear full liability for any injury or loss that may be sustained as a result. The Copyright of this presentation belongs to ITRI and none of this presentation, either in part or in
whole, in any form, may be reproduced, publicly transmitted, modified or distributed or used by other means without permission from ITRI.
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