330 A

Industrial Technology
Researc h Institute

| BA A v

2015012028

weWw:s 11,
E- mall : nobelwu@gmail.com
B K < Wwnhs
DNu3 wn
Do "H

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without writssippdram ITRI.



TR ERAiTA 55 el

Industrial Technology

Research Institute
NTITAI Wil NIl

£

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without writssippdram ITRI.



330 A °

Industrial Technology A - 2
Research Institute

b S
8
R
[
m
2
"
1}

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without writssippdram ITRI.



TR ERAiTA 55 el

Industrial Technology
Research Institute
ncaocarwing

naunuls

2080 “E[El| Ligk)E

rights reserved. No part of this confidential report may be reproduced in any form or by any means without writeSmpéram


http://hotgv2010.pixnet.net/album/photo/158358524

330 A

Industrial Technology
Research Institute

PNOSHO®™

ERRIRBENS S

1950 LERYER P BRTEAG £ 2020 43

FHEK

% B B B B % P Ta=t 89.7
0020-2025 2050 @ BELUREARBIRE

O {LRREHIERA o

O BAL « AERAOBSES ==

WO ERRE (W) 51 -2

01 E SANne o SHFB AN

OEBEE | BERA
BE"SEHEIE

L EE bt ]

_»
R ‘ R
L4 @

2.38

200 213

HHOERFH B * 2020%FRA%E « EER o EMMEFTABRE o MBREBIRBINIEE

BITE DEER2  SERRU000ET SR BOSHE » 2050 EEL LR » I
o e [EXGHINRIZ o ppyrmymess  ASESHR THKE) 5
15C e A 73 + GBS HE T HRAORY B FI T
o 2025 F EFHEEIRTE RaE
Pp 1=t RETHE TREE
2023

4

° ERSERUARRAME o S5FGEI—R » B—R2023F  « HBUAR MPHLE « BE

1BE0RASE IR o DRGNS BN B BT UREER ) IEEEIRER
o BEBEHMERSE &/ AGE IREER AR
RRIZER AT Wx/ TS IMEW

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without writesppdram ITRI.


http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJ8IS5pPzJAhWje6YKHXVTBh8QjRwIBw&url=http%3A%2F%2Fchintian.pixnet.net%2Fblog%2Fpost%2F113074148-%25E5%25B7%25B4%25E9%25BB%258E%25E5%258D%2594%25E5%25AE%259A%25E8%2588%2587%25E4%25BA%25AC%25E9%2583%25BD%25E8%25AD%25B0%25E5%25AE%259A%25E6%259B%25B8%25E6%259C%2583%25E6%259C%2589%25E4%25BD%2595%25E4%25B8%258D%25E5%2590%258C%25EF%25BC%259F&psig=AFQjCNGipVWhk-_Qlajk6NXkb9eIbayL0g&ust=1451313643902751

A (PM2.5)

Research Institute

159/ m3

& 2-3 faBOFRUHR(PMy AR E H iR Bl R (¥ M  pg/m”)

102 &£ 103 £ B 2.2%
HE A 18.7 18.1 (L2 BE %2 5%
¢ £ 17.0 17.7 — TR E; 2.0%
LT 21.7 210 MUiTi2HE; 2.9%
HEE A 23.8 225 Hih k& 5;2.9%
A 233 231 -
Mo i 20.1 20.8
£ W 25.8 254
i 282 27.6
i 302 03 S EETE25%
EH i 34.0 34.1 BRI IS E2.8%
AEW 335 34.7
&% 294 29.6
EdhH 31.2 302
Y 30.7 29.4
- ¥ 21.6 20.6
o i A 15.3 15.1
itig i 13.1 13.7
=25 10.9 11.3
£2r% 33.1 3238
Bk 202 16.8
‘ﬁ iT ﬁ 17 24 2
2B EY 24.0 235

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without writesppdram ITRI.



330 A

Industrial Technology
Research Institute I

BA N

IT (N/PC, HHP, Tablet) Convenience
> /|l g @ b
bo 3N - ;
R0 ! .
* NotePC *Slim NotePC . .
== e *Sensor *Smart Card '%
JJ P * Medical Device

e

* Feature Phone *Smartphone * Smartphone

. Web Device Q

* Netbook

Trans. (xEV, Train, Heavy Ins.) \

% * Locomotive
4

L 4

* EV(Electric Vehicle)

* Hybrid Forklift |
< £
¢ Sl
- - "‘

“ F_.*Scooter & Bike
O

«Robot Cleaner *Power Tool

All rights reserved. No part of this confidential report may be reproduced in any form or by any means without writesppdram ITRI.

Battery

* Active RF/ID 2

* E-paper
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e Market size of LI -1on Batteries

Global LIB market
(US$bn) EV proportion: 3.7%
60  OEsS 2016~2017
M XEV
o (XEV)
50 -
EV proportion: 0.9%
40 L
2012-20F CAGR: 18.7%
30 ' - IT:2.0%, xEV: 43.1%, ESS: 28.7%
20 B i i
10 F -
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
04 06 08 10 12 14F 16F 18F 20F

Source: Source: KDB Daewoo Securities Research 2014
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Consumer
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Power tools
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Current
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Amnde Anod .
Cathode site: no ehSIte.
. _ charge _
Charging LiCoO, 4 Li,,CoO, + XLi* + xe- Li* +6C + & ——— LIC6
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Discharge State *-l:L@'
T Electzon
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Anode
Cathode site: Anode site:
. _ discharge .
Dsicharging  Li,. .CoO, + xLi* + xe- 4 LiCoO, Li* + 6C + & «— LiC6
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Polyolefin (PE or PP)

Wet process Dry process ||
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Cd X_
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Solvated Lithium ion
e w0 Hii% RBCEO) | BBeo | BACE) | ATER 58
B 0. O ] ,
EC) ‘gf 39 248 1.86 89.6 88.6
5 6 S | . |
00) 0.0 -49.2 241 253 64.4 102.1
0
b o. _O
Ly ~ <
(DMO) \8/ 2 90.3 0.75 28 90.1
RET 28 N O 54 107 0.65 29 104.1
(MEC) I -3 6 2 |
mEoniy | ~9_ 0~ . ] .
(DEC) TO{ 43 126 0.59 3.1 118.1
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Mok S ML S R X HELJE
|
BUE LiFePO, B EAR
(Olivine) AR EF
FHTdm R
Pnma
R ik B4 LiCoO, N E
(layered Oxides) Li(NiCoAI)O, &
LiCo,,Ni .Mn, .0, | #§ 1 E &
RAE
VAVALE
R3m
KR&A LiMn,0, 1 ERE
(Spinel) RKEE it
IEIL T %
Fd3m

Voltage / V

VS.
O N

5.09 LiNi, .Mn 5O, (Spinel)
0.5 15
J LiCoO, (Layered)

4.5

4.0+

S Li,MnO;- LiNig 35Mng 35C04 330,
4 453
LiFePO, (Olivines) Lirich NCM (Layered)
3.0 S
2.5

b o o o

2.0 e e

0 50 100 150 200 230
Discharge capacity / mAhg

Aurbach et Al. ,Energy Environ. Sci., 4, 3243(2011)
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(Wh) = (Ah) X (V)
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LIC0O, structure stabilitymprovement

(Improveddischarge capacity)

Metal doping

(LCO) (LCMO+ZFO)
/
(mAh/g) | (mAh/g) | (V)
2D 273 160-180 | 3.7~3.85
(layered
Oxides)

surface coating

\

Voltage (V)

Specific discharge capacity (mAh g”)

4.5

4.2

3.9

3.6

3.3

3.0

200

180 _
160 _
140 -
120 _

100

80

60

3.0-45V,0.1C

|
B g
i a
5 ——LCO g =
| & ——LcMo 8 E
N - LCMO/ZFO -
1 " 1 " 1 1 1 " 1
0 50 100 150 200
Specific capacity (mAh g”)
3.045V,1C
= | CO
e |LCMO
A LCMO/ZFO
1 " 1 i 1 i 1 " 1 i 1
0 20 40 60 80 100

Cycle number
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(Wh) = (Ah) x v) 1kWh =1

U Energy Density ( ):

The volumetric energy storage density of a battery,
expressed in Watt-hours per liter (Wh/I).

U Specific Energy ( ):
The gravimetric energy storage density of a battery,
expressed in Watt-hours per kilogram (Wh/kg).

I-Phone 4 & 4S I-Phone 6

A

WARNING
Potential for fire or
burning.Do not
disassemble, puncture,
crush, heat,or burn.

Li-ion Polymer Battery
3.7V 5.25Whr
APN: 616-0513

VPN: LIS1445APPC

Assembled in China

I EmE R ARAT
BEEENETR: 3.82V=2915mAh
W& AOHN MR BE,
WIARBA KT APN:616-0765
*E#i& / Assembled in China

sk (02)6712-6700
HEY: x| (2I8@2I0ITX)
SUH: XO0000X-XX
#2{: 3.82Vdc, 2915mAh
=M Huizhou Desay
Battery Co, Ltd. A=3: &3

5-al

701&?,22 o-ggééigguhr
If&”ns;%u

FSDAa11 g
644RZF
GHM31 :
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C€
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Li-ion
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Design of Electrode Assembly

Structure of Lithium-ion Battery
Cathode | ead
Safety vent

Cathode cover

Separator
Gasker

| nsul ator

Winding

_ Anode

Separator
—

Stacking
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Design of Li-ion Battery

Cylindrical type Prismatic type Laminated type

A ————————————
= o

m Polymer ||

g! Lithium lon

i 4
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356285 (3S1P) for Tablet PC
Capacity: 1800 mAh/ 11.4V
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LiPF - oo™
Ethylene Carbonate (EC) Propylene Carbonate (PC) Diethyl Carbonate (DEC)
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Beyond a certain temperature, Temp raise
. . [
polyethylene melt induces closing pores, L —> v
and ionic current is cutoff (—fuse). PEILP crose
104 L L I L [ LI L I LI I_I_I LB I LI I LI L I L L] 1

S 1000k < cou . OPPEERE "

= ~«— Cogl 4

= 100 (b) PE ;

. !

® :

e '

A I I O] S | /

T ] ; H

L )

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

IIIIIIIIIIIIIIIIIII

20 40 60 80 100 120 140 160 180Md
Temperature (°C)
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Vibration
Shock
Drop

Overcharge
Short circuit
Overdischarge

-

Overtemperature

\

]I

Cell Temperature

|
-

rigger

t Anode SEI
: decompositiof;

{ 100°C~1

Exothermic decompos;tlon
of electrolyte

1150°C~200°C

Li,#s/binder+electrolyte
80¢ ~3200

Protection

STOBA B2

E#ﬂﬂ& O

Eﬁﬁﬂ
STOBA" RiSIBH/F—WHHKIBBEMTHA

STO BA® WA

Li*

v

Time
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Life expectation in various thermal environments

Geographic Impact — e Thermal Management Impact

on Battery Life on Battery LKGK —
1 - B RIS e S b :
00K . 0.9‘# .'\'
|
< 05| s Liquid cooling. J'
S 09 Saren e Wt § “i~_  _ chilled fluid .
o _ Minneapolls iaa) NN L Air cooling,
g e - -- '. X:\ \‘l\ .,..VA.-. .. _{ (: 3 : V : ' 'I !
o 3 oo IR | - ¥ %l Air cooling ~ |
oenix i Py Lg - 2 - h
: N 15°C No cooling {
L4 ) BT T T \,. ..... ?\ .............. .......4 ol ; : S : ]
Li-on grophita/nickelate lido: " "N\ \-\\ 20°C Phoenic, AZ ambient'condtions o U I
il E,‘ V20 "-"-'—f’: fy 94% 2000 30° q \ 25'C \';7 B ‘11!!3':/dd‘/ 1\'\mc 2 t'\o,“idy ——

0 5 16 ¥ 4 8 8 10
T tyears) a Time (ysars!

Compared with nc cooling. the liquid-cooled battery can use 12% fewer cells and still
achieve a 10-year life in Phoenix. Air cooling using low-resistance cells also seems
appealing from a thermal / life perspective; howaver, this battery has the highest cell
costs of the four options shown due to the cost of its high excess power.

Vehicle Technologies Program eere.energy.gov
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Current Collector
Corrosion

O
/ Exfoliatior

9% SEI dissolution
A J

[ Mlcro—crackmg]

—

[]

[ Surface film formatio]

[ Binder degradation

{ SEl reformation

Cathode I:J;]rrf:‘..'q-;.\; acting as catalysts

& Growth

Current Collector

Lithium plating

p> Py

R =R
] Pl

({ J—
Iﬂ
) “Donor solvent

Graphite Dissordering /
Particle cracking

] [ Structural changes]\

Structural
disorderin

Dissolution of
soluble species

Useful categorization
for diagnostics

Thermodynamics

Change in
active
material

9]
S :
- Change in
= lithium
8 inventory
®
g

Kinetics

Change in
ohmic and

faradic
resistances

[ Current Collector]
Corrosion
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R HEV (hybrid electric vehicle) | /‘\ggmg;d

n R PHEV (Plug-in hybrid electric vehicle)
PHEV,, PHEV,,

R BEV or EV (electric vehicle)

Battery

Fuel Tank &0

Y

£ R LEV (light electric vehicle)

Hybrid Vehicle
& Plug-In Hybrid Vehicle

Electric Vehicle

Dehvery truck

Oil / Bio-fuel / CNG /

Electricity Synthetic fuel .etc

Hydrogen

Driving distance
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