FEVS IWG Session #6 in Koreq,

The activities of LiB
standardization for XEV in Korea

Robert Anderson. of Scotland, builds the
first prototype electricpowered carriage.

Thomas Davenport, of the United States,
invents and mstalls the first direct current
electrical motor in a car thar operates
on a circular electrified track.

1801-1850

e g ko
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German engineer Andreas Flocken
builds the first four-wheeled electric car.

The first commarcial electric vehicles
enter the New York City taxi flest.
The carmaker, Pope Manufacturing Co.,
becomes the first large-scale EV
manufacturer in the United States.

The “La Jamais Contente,” built in
France, becomes the first electric vehicle
to travel over 100 km per hour.

Electricity-poweraed cars become the
top-selling road vehicls in the United
States, capturing 28% of the markert.

1851-1900

The petrol-powered Ford Model T
is introduced ro the market.

William Taft becomes the first
U.S. President to purchase an
asutomobile, a Baker Electric.

The electric starter, invented by
Charles Kettering, obviates the need for
the hand-crank, making it easier for more
peocple to drive petrol-powered cars.

By 1935, EVe become all-but-extinct
due to the predominance of internal
combustion engine (ICE) vehicles and
availability of cheap petrol.

©il rationing in Japan leads carmaker
Tamas to release a 4 shp slectric car
with a §0V lead acid battery.

101-1950

2014. 11. 18
Yu Tack, Kim

The U.S. Congress introduces legislation
recommending electric vehiclesas a
means of reducing air pollution.

The OPEC oil embargo causes high

oil prices, long lines at petrol filling stations,

and renewed interested in EVs.

France’s government launches
the "PREDIT™ programme
accalerating EV RD&D.

To comply with Californis’s Zero
Emission Vehicle (ZEV) requirements
of 1990, General Motors produces and

begins leasing the EV1 electric car.

In Japan, Toyota begins sales of the Prius,
the worlds first commercial hybrid car.
18,000 are sold in the first production year.

1951-2000

Oil prices reach more than
USD 145 per barrel.

The BEV Nissan LEAF is launched.

The world's largest electric car sharing
service, Autolib, is launched in Paris
with a targetad stock of 3,000 EVa.

French government fleet consortium
commits to purchase 50,000 EVs
over four years.

Nissan LEAF wins
European Car of the Year award.

The PHEV Chevrolet Volt coutsells
half the car models on the U.S. market.
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| . Battery Industry in Korea
B
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1. Battery Technology

© Rechargeable Battery Industry development

4 "1

1950 1960 | 1970 | 1980 | 1990 | 2000 | 2010

Lead-acid ’
40Wh/kg

: ,/ 150Wh/Kg } ’

120Wh/kg ’
P various Applications as IT, XEV, ESS ﬁ‘ 300Wh/kg \ ’

| el SUDETCApAcitor ’
30Wh/kg
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Lithium ion Battery

@ High voltage, high energy density within light weight




2. Battery Industry in Ko

rea

© Korea Lithium ion battery Industry

© Start from 1999, 1st Market Share from 2011

Korea

1st M/S

—
M/S(%) el
on d_)giesé" 4
oy By 54.4%
50 ist 2600mAh -
(LG Chem)
40 LIPB Mass
W Production |
30 ......

"1 st largest cell l
2200mAh
(Samsung SDI)
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2. Global LIB Company

© Global Lithium Ion Battery company

' = ' ~\ & ~
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2. Battery Industry in Korea (From. SNE Energy)

© Lithium ion battery applications development

Size Big

- ,V Seebes
t Slim Note
Power Tool
Notebook
ESs Smartphone

Phone

m Size small

Medical Device

FGIA 23 HORBA E3urerae
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Wearable



|| . Baltery Development Trend
B

FGIA g3uanggs) HOR3A 2=axazzd
Korea Battery Industry Association - 8 - Battery R&D Association of Korea



1. Battery for EV

© LIB capacity for xEV

0.5 kWh 1.5 kWh ol R

STT 5 5 - il e = B S a3 el
- - - - - - - = - - - - - - - -

- 3 q
2T SET SEe okt St RS e =i gl gl & v
- - - - - - - - - - = - - - - -

porion 0% 10% 50%  100%>

ICE Micro/Mild HEV Full HEV Plug-In HEV E-REV EV
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2. Key issue for EV

© 3 Key issues of LIB

BT ¢ >10 years, 240,000 km

Performance 5

¢ Safer than ¢ Same or lower

conventional total operating
ICE cars cost compared to
ICE cars

+FGIA E=uaLaEs) HOR3A 2=uzgzzs
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3. Forecast LIB Technology

© LIB Battery Energy density development for xEV
\
. .
Materlal 2%9
Innovatlon
Cathode: 250(mAh/o)

Matem QKo Anode: 1,000(mAh/g)
develqg‘@eqt-

Cathode : 180(mAh/g)
Anode : 350(mAh/g)

12 s 20

Material Technology XEV

(Wh/Kg)
i 1Charge Distance Battery Cost
NMC+a (44 £7)), Li, Ni-Rich
Graphite-Si 2%t
200
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25D LC(|) . :raphite(g.-i*ﬂl) [
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100 Lco @
Graphite(21X)
50 75
b
T L T T
2000 2005 2010 2015
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4. Another approach

© Dual Battery System

Lithium-ion battery

Lead-acid
battery

<Ford Fusion Hybrid Battery System>

FGIA Euasees
Korea Battery Industry Association

From. Advanced Lead Acid Battery Association

<Chevrolet Volt Battery system>

Lead-acid
battery

Lithium-ion battery

HOMR3A 2 2igr==
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From. Maxwell Technology

4. Another approach

© Dual Battery System

* The new combination!

» The strengths of both.
+ High power density component plus
+ High energy density component

=
‘
<
=
2
3
o
4

ELECTRICAL POWER
PLANT

(Battery, Engine, Fuel Cell)

CONTINUOUS LOW POWER ENERGY TO
MEET AVERAGE POWER REQUIREMENTS

+FGIA E=uaLaEs) HOR3A 2=uzgzzs
Korea Battery Industry Association - 1 3 - . Battery R&D Association of Korea



Ill. Battery Standardization for xEV
B
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1. Standard activities

© Korea Battery Standardization Structure

MOTIE (Ministry of KATS (Korean Agency for
Trade, Industry & Eenrgy) Technology and Standards)

KBIA Collaborate KERL KTC, KTL,
(Korea Battery Industry Associations) || Standardization KTR, KATECH
Primary Lead-acid NiCd/NiMH Li EV/HEV
Working Group Working Group Working Group Working Group

= Bexel = Global » Global = Samsung SDI = Samsung SDI = KATECH
» Rocket battery battery * LG Chem. » LG Chem
= Delko = Seongwoo = SKIi = SKIi
= Seongwoo Automotive = Kokam = Kokam
Automotive = IBT * Ener 1 Korea = Enertech
= AtlasBX = Energreen » EIG » [nternational
* Enerland » EIG
[IEC TC35] [IEC TC21] [IEC SC21A [IEC SC21A [IEC TC21/JWG69 Li]
WG 1&2] WG 3~5] [ISO TC22/SC21 WG3]

I SRR A BIE O St A A2
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2. Organization

® TC(Technical Committee) & SC(Sub-Committee)

IEC (International Electro-technical Commission)

ISO (International Organization for Standardization)

Lithium ion traction batteries

% TC : Technical Committee, SC : Sub—Committee

rGIA 232ztzes - 16 - HEREA. DX S



3. International Standard

© Working Documents

NWIP WD CD ~ CDV(DIS)

IEC 62660-1 (Cell & Battery Performance)

IEC 62660-2 (Cell & Battery Safety)

IEC 62660-3 ( Safety requirement cell & module) > |EC_

ISO-IEC/PDPAS 16898.5 (Cell Size)

ISO 12405-1 (HEV Battery Pack)

ISO 12405-2 (EV Battery Pack)

ISO 12405-3 (Pack Safety)

ISO 18300 (LIB couple with other types of battery and capacitor)

FQIA i=uaness HOR3BA #3uz7zt
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4. Cost reduction

Standardization of Li-lon Cell Dimensions

Cost of Battery Cells
Standardization is Key Requirement for Cost Reduction

-~ Relative Cost of Li-lon Cells per Wh

%o
100 4 : " R&D cost
_ RN | B Depreciation cost
’ W Labor cost

80
Cell Phone Notebook Other variable cost
® Material cost
60
‘& HEHH 40 | 3.2
= ——— 48
— Yl
20 4.8
* Typical annual production volume
0.1-10 100-300 0 pupeeey e
Million Million il 0teboo 2009
* Source: Li-ion Battery Market & Industry Trend - Goldman Sachs Japan Analyst Report — September 2009
Page 2 extemal | SBLD/PPD11-BZ | 02/132012 | © SB LiMotve Co. Lid reserves all rights even In ® »
the event of Industrial property rights. We reserve all ights of disposal such as gxy‘”'g ad @Ll Motlve

passing on 10 third parties
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4. Cost reduction

Standardization of Li-lon Cell Dimensions

Manufacturing Process of Prismatic Li-lon Cell
Main Manufacturing Steps

|nﬂuence Inor _
ell INfidence by

...._:_Q._L_._m..@.n&onﬁ...,._._.. _J__me sions

(B water > OJemE AT -hq--

\, lidth

\g

Slitting of the coated master-rolis
slitting: (Sloctrodes)

Cost-effective only in standardized process in high numbers
Wi

dth/g

-:::::_—m—

W 'I Height ‘“ Holght ‘

Manufacturing of jelly roll
electrodes wi # ccamrrn Farrmton of Lison ost
( with separator) i e
Page 3 edtemal | SSLOPPD11-82 | 021132012 | © S8 UiMative Co. Lid. reserves all ghts even in - -
the event of Industnal property rights. We reserve 3l rights of disposal such as copying and LiMotive

passing on 1 third parties
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4. Cost reduction

Standardization of Li-lon Cell Dimensions

Li-lon Cells
Main Parts

Al Foil Terminal

Cu Foil
f‘;

f_%

I \/n Width
Width

Width
Collector

‘ @LiMotive

NUHIA z=oldrzd

edemal | SBLDPPD11-82 | 021132012 | © SB UMotive Co. L. reserves all rights even In
the event of Industral property rights. We reserve 3 nghts of disposal such as copying and

- 20 -

passing on 10 third parties.



5. Cell Size

© Cylindrical Type (8EA)

1
\ i
Y 1 |
1
|
\ | <l =
|
e 1
|
L2 o2 |
Ly ;
Type A Type B Type C
NOTE For type C the cell housing may be used as connection terminal.
Key: 1 terminal
2  cell housing
3 over pressure safety device
Designaion® Design dimensions i
(A1A2A3AN1/N2/N3) D h H Di p p'
VIRA38/—/136 37,7 136 <145 325 - D/2 RO
VIRA38/—/138 38 138 143 29 8 19 RO
VIRA54/—/137 54 137 145 35 13 27 RO
VIRA54/—/215 54 215 223 35 13 27 RO
VIRB27/—/— 27 - 66 - - - RM
VIRC19/—/66 19 - 66 - - - RM
VIRC40/—/92 40 - 92 - - - RM
VIRC40/—/108 40 - 108 - - - RM
o Details for designation see clause 5.

Gl A Z3daLeEEs HOR3A #=uza7z
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5. Cell Size

© Prismatic Type

1 W
o = a
e : X ’ .
§ 3 1/ \ 3 / ‘\ 3 <l ==
\\.\ N \M. 2 1 \,\ 2
2
.~ ,
Type A Type B Type C D D
P
NOTE For type C the cell housing may be used as connection terminal.
Key: 1 terminal

2  cell housing
3  over pressure safety device

FGIA 3
Korea Battery Industry Association - 22 -
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5 ] Cel I Size Design dimensions

Designation?
(A1AzAagA4N1INz/N3) T w h H p p' o
© Prismatic Type VIPA12/120/81 12 120 80,5 <105 6-28 6 PA
VIPA12/160/228 12 160 228 275 32 7 PA
26EA VIPA13/120/85 12,5 120 85 <92 1218 i PA
VIPA13/62194 13 61,8 937 9% 911 i PA
VIPA14/111/92 138 11 918 <115 10-30 T2 PA
VIPA14/137/64 133 137 63,2 <80 10-30 2 PA
VIPA16/112179 15,7 112 785 <955 13 2 PA
VIPA20/66/127 20 66 127 138 145 10 PA
VIPA21/173/85 21 173 85 <103 12-22 7 PA
VIPA22/115/103 215 115 103 105 16,5-18,5 i PA
VIPA23/167/129 225 167 129 144 ; i PA
VIPA24/180/169 236 179,5 168,5 181,5 45,75 118 PA
VIPA25/135/105 25 135 104,1 107 32,5-35 125 PA
VIPA27/148/91 26,5 148 91 <110 10-39 12 PA
VIPA28/100/358 215 99,5 3578 37438 W12 1015 PA
VIPA29/721117 29 72 17 120 15 145 PA
VIPA30/73/115 295 173 115 120 29.31 T2 PA
VIPA321173/115 32 173 115 <133 12-22 1 PA
VIPA34/92/134 34 92 1333 146 20 16 PA
VIPA35/171/108 345 17 108 <123 21 i PA
VIPA44/171198 44 17 98 <114 2 i PA
VIPA45/147/260 45 147 260 275 28 2% PA
VIPA45/173/115 45 173 115 <133 12-22 i PA
VIPAS5/171/115 55 17 115 <129 2 12 PA
VIPB8/118/342 118 8 342 390 59 4 PA
VIPB11/801130 T 80 130 140 W12 T2 PA
@ Details for designation see clause 5.

Gl A Z3daLeEEs HOR3A E=azrz8
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5. Cell Size

© Pouch Type

1
/ 1
3/
\
Type A Type B
Key ol :
1 terminal
. c) pouch cells Type A d) pouch cells Type B
2 cell housing
NOTE Sealing area is included in dimensions W and h.

HOIA e HORBA B3z?ae
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5. Cell Size

i ion@ Design dimensions

© Pouch Type (28EA) | (avasasaiunany [ 7 - = - =
VIFA—/130/221 - 130 221 - -
VIFA—/161/227 - 161 227 - -
VIFA—/162/142 - 162 142 - T2
VIFA—/164/226 - 164 226 - -
VIFA—/164/232 - 164 232 - -
VIFA—/210/121 - 210 121 - -
VIFA—/244/190 - 244 190 - -
VIFA—/253/172 - 253 172 - -
VIFA—/270/135 - 270 135 - -
VIFA—/280/180 - 280 180 - -
VIFAG6/249/192 5.9 249 192 124 2,95
VIFAS/136/230 9 136 230 30 45
VIFA9/216/262 6,00-9,00 216 262 - -
VIFA11/223/224 <11 223 224 - -
VIFA13/330/162 13 330 162 - t/2
VIFA19/343/245 18,5 343 245 80 9
VIFB—/99/300 0 99 300 0 0
VIFB—/121/243 - 121 243 - T/2
VIFB—/126/325 - 126 325 - -
VIFB—/128/310 - 128 310 - -
VIFB—/128/325 128 325
VIFB—/134/290 - 134 290 - -
VIFB—/144/251 - 144 251 - -
VIFB—/159/291 - 159 291 - -
VIFB—/172/254 - 172 254 - -
VIFB—/173/235 - 173 235 - -
VIFB—/210/260 - 210 260 - -
VIFB5/136/251 3,00-5,00 136 251 - -

- Details for designation see clause 5.

Gl A Z3daLeEEs HORBA =axarz#
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6. Internal Short circuit & Propagation

© Test scope and national suggestions

(Internal short circuit test on cell, or
Propagation test on module

Module

Propagation test on pack (subsystem/system)

+

Pack

%

i " o
e
\_ J
é Internal short circuit test on cell | Propagation test on pack \
@ + T |
s

( Internal short circuit test on cell or

K Internal short circuit test on cell, or

\

4

Propagation test on module propagation test on module or Fl, FR
Vodul | propagation test on pack
- or s KR, NL
N, " J - Module Pack
Standardization is premature GB \ or or 3
. 7
FGIA e o6 HORBA

SRR AR
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7. Safety Test Report in ICAO

' FTA(Fault Tree Analysis) for LIB

FTA-1
Event ] External Short-circuit
(Fire ) — [E)Iae;g'lceal ) Internal Short-circuit
J Charging level
| ____ Transient __ |
Damage FTA-2
Environmental Abrupt Temp. Fluctuating

« High Humidity/Water

~ Damage
Physical Damage(Handling)
FTA-3
] — Vibration
Continuous —> Covered by UN38.3
— Stress <—1— Low pressure
— Mechanical Shock
FTA-4
Fire <—— From heat source

Propagation (flame)

QA d=uauess HOR3A 2=z3e7zt



7. Safety Test Report in ICAO

© FTA(Fault Tree Analysis) for LIB

—— External
Short-circuit

Electrical Internal
Damage [— ghort-circuit
Charging
~ level

* Unintended Impurity Insertion

Improper Packing Method

Terminal contact by conductive material — Test

— Test

No possible source during transportation
SOC level above 50% (Higher Risk)

FTA-1 Test

Condition

Result

External Short

Direct terminal short-circuit

.. : : No Fire
Circuit using Wire and Bolt
Internal Short : : :
. Nail penetration No Fire
Circuit -
FOIA #3uatges - 28 - HOMR3A 2 2igr==



7. Safety Test Report in ICAO

© FTA(Fault Tree Analysis) for LIB

Fire « Aircraft fire (initiated from

N

— Test

Propagation surrounded material)

FTA-4 Test Condition Result

Fire From fire source(Charcoal)
Propagation | Temperature of heat source: |No issue
Test 800~900C

HBIA tszes HORBA B3ueaae
Korea Battery Industry Association - 2 9 - ! Battery R&D Association of Korea



7. Safety Test Report in ICAO

© FTA(Fault Tree Analysis) for LIB

— Abrupt Temp. * Transportation route —_ Sﬁ\éesrgd by
Fluctuating :
Environmental | High_ _ . Dewing / Water exposure — Test
Damage Humidity/Water
| Physical Damage | - Violation Handling Guideline |__, 1.c¢
(Handhng)  Drop/Crush

FTA-2 Test Condition

Immersion Test Pure water, 1 min No Fire

Package drop Height : 3.7 M, Drop to Concrete No Fire

Package Crush Pressure 150 KN No Fire

Using impact tester to expose the

internal materials of the cell No Fire

Impact

TIIA R - 30 - NORBA =273 r=d



7. Safety Test Report in ICAO

® FTA(Fault Tree Analysis) for LIB

FTA-1
X : Not Related

_ _ — External Short-circuit X
g II;ZISaStfcIIe — [E)Iae:ltar;ceal <« Internal Short-circuit X
— Charging level A
Transient
- Damage ] FT1A4-2
Environmental — Abrupt Temp. Fluctuating X
— Damage «—1— High Humidity/Water X
(If_vent) — Physical Damage(Handling) X
ire...
FTA-3
_ — Vibration X
| Continuous x —> Covered by UN38.3
Stress «<—1— Low pressure
— Mechanical Shock =X
FTA-4
| Fire +<—— From heat source X
Propagation (flame)

L SR A|AFAHE S ! G) S22 2|12 &



/. Safety Test Report

© FTA(Fault Tree Analysis) for LIB

O
o
pul
=
-
©
Q
Q.
5
-

Inside the box

Time (min)

Outside the box

Cell (edge)
Jir g SRR, A

Cell (center)

NOM3A 253505



8. ISO 18300

" NP from Korea

1. Scope

This standard specifies the lithium-ion battery systems combined with lead acid battery
or electric double layer capacitor, to be used for automotive applications in class A
voltage systems.

It specifies configurations, test procedures, and requirements for such combinations.

4. Symbol and abbreviated terms

LIPB lithium-ion battery pack or system combined with Lead acid battery
LICA lithium-ion battery pack or system combined with electric double layer capacitor

5. Type of connection with LIB cell and battery

Main Battery.|| Assistance. “Main Batterv. _

(Lithium- |orr)1/ Battery- (Lithium- Iorg ‘ ASSIstar.\oe'-
battery system}| (Lead acid)- b Capacitor-
""""""""" | battery system)-

FGIA 23 S33- HOFBA t32705508



8. ISO 18300

® NP from Korea

@ somasen m ISO TC22/SC21/WG3 Status 2014-09-01
Standardization Tc22]sc21 ANGS

Approved Projects:

ISO 18300:

Electrically propelled road vehicles -- Specifications for

lithium ion cell and battery coupled with other types of

battery and capacitor am w0 cO DS PO PuB
HEN |

v" New project approved at 2012-08-27

v CD registered at 2013-08-27

v DIS registered at 2014-08-27 (submission on 2014-08-30)

v" Publication scheduled for 2016-08-27

Verband der
Egbert Fritzsche V DA Automaobilindustrie ]

FQJA #Rurinags HOR3A =uaazzs
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V. Summary
B

rGIA 232zt - 35 - NOM3A 253715008



Ssummary

® The goal of LIB Technology development for Long distance by 1 charge and

low cost of pack system

© Another issue is transportation such as Air, Marine for battery

© The battery Safety and Cost are the most important things for xEV

HOIA sz - 36- HORBA #3erae



KBIA (Korea Battery Industry Association)

N

Uembers of KBIA J

Battery manufacturers (12] SDI, LG Chem, SK Innovation, Kokam, Sebang etc.
- Parts & materials companies (311  GS Energy, POSCO Energy, Ecopro, Panaxetec etc.
‘Equipment/ system companies (11) Hyundai MOBIS, PNE Solution, WooJin, Hanwha etc.

{ Others (3] KETI, KIER, KERI

HYyuUJnNnosal

@ LG Chem sAMSUNG sDI GIDITTT® () Hanwha MOBIS

'*’“ g rowen & puERcy
SK innovation :EENERTECH Al1Z23 WY woovuing @ KODI-S LTITPNE ssivnion

SYSTEMS ENERGY AND
— Hi

SEaanc VINATech EEESE e

SEBANG GLOBAL BATTERY

EilG - RouteJD | Kol.(ﬁm)

e~ g
misuum ZgeEw ETH Co., Ltd. AIR CONDITION

—_PowerLoGics - - - - +3 [l GreenPower

SAMSUNG CORNING
&ITII®  SAMSUNG FINE CHEMICALS pan a¥ Jetec € AEKYUNG PETROCHEMICAL €O.LTD. I piericion maTERlALs

@ fio 7 ] S % ; @ Haowha OOSCO

= 4 :'l:gnsulc“momm!‘lﬁ;r &?E%W(!I-:l(;ev \DDAEIOO q‘v_‘ L&F Material Co., Ltd. CHEMTECH
@’ FOOSUNG CO.,LTD. —

EcCOoOPRO POSCO

- g
INCHEON CHEMICAL CO., LTD. TELIInN b’ - GS Energy ERERSY

TEIJIN ELECTRONICS KOREA Co..Lid.
«= cosmo SKC

- F =¥ ciemicaL co. wo. osSCO soLvay ¥ 200 EI ()
% Sam-a@ AHeaminivm =-Ce(l&5eparatorTedmdogves Electric sOubrain pes MATERIALS @ SungEel HiTech. umicon@
rdvsiale fie & betizs (s

ol DAEJUNG ENERGY MATERIALS CO, LTD. < sunTeEL CO.LTD g &7 .. .., 50"{‘;‘.‘;”5“ w?ﬂfﬁm 24 Morgan

4
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o
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