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LS ULTRACAPACITOR

New-generation Energy Storage Devices with
Great Power and Reliability

LS ULTRACAPACITOR

LS
www.Ilsmtron.com
www.ultracapacitor.co.kr

Tel. +82-31-8045-9598

Contact Information -
E-mail. jsp@Ismtron.com
LS Mtron Hi-tech center, 39, 116 beon-gil, LS-ro, Dongan-gu, Anyang-si, Gyeonggi-do, 14118, Korea
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Vision Statement

In order to become a leader in the competitive global market LG has been divided into three
business groups based upon their core competencies, Industrial Electric-Electronic Energy &
Materials(LS), Electronic & Chemical(LG), and Energy & Retail(GS).

LS Industrial Electric-Electronic,
Energy & Material
@ @ Electronic & Chemical

\“ GS Energy & Retail

INNOVATIVE TECHNOLOGY PARTNER - LS Mtron

LS Mtron’s mission is to grow into a company that provides market leading solutions while devloping a
workplace where its employee can achieve their dreams. All employees of LS Mtron stand behind the vision
of becoming an Innovative Technology Partner and work tirelessly to make LS Mtron a world-class company
LS Mtron will secure world-class core technologies to find and implement the most efficient solutions based
on a market knowledge that can meet the challanges of our today’s markets We will work hand-in-hand with
our customers in order to grow into a global leader.

Business of LS Mtron

Component Machinery

- Ultracapacitor - Tractor
- Electronic Parts(Connectors / Antenna) - Injection Molding Machine
- Track Shoes
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Charge the, World

Transportation

LS ULTRACAPACITOR

LS Ultracapacitor energy storage devices are positioned between

conventional electrolytic capacitors and rechargeable batteries.

LS Ultracapacitors feature high power, high energy, reliability and long life

which enables use in a variety of applications such as back-up power,

auxiliary power, instantaneous power compensation and peak power compensation.

- Rated voltage : up to 3.0V

- High power performance (vs. Battery)

- High energy performance (vs. Conventional electrolytic capacitor)
- Environmentally friendly

- Maintenance-free

- Wide operating temperature range (-40°C ~ +65°C)

Automat'ion

L

S

Ultracapacitor
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Introduction to LS Ultracapacitor Technology Ultracapacitor VS LIB

Ultracapacitor Li-ion Battery

An Ultracapacitor consists of two electrodes immersed in an electrolyte and
a separator which prevents the charge from moving between two electrodes of opposite polarity.

Ve Y [ )
- Separator : (
POOODI —
Porous
) Electrolyte ©©©©0©9©
Carbon | [ Current { .
Flocirade # e o ooa Collector Fast and Versatile High Energy
Separator - Physical absorption-desorption Chemical reaction
L AL o —— Seal
A - Specific energy : ~15 W-h/kg - Specific energy : ~200 W-h/kg
Porous Carbon ; . o i . 0
- LS Ultracapacitor Cylindrical Type Electiode - Operation Temperature : -40 ~ 85°C - Operation Temperature : 0 ~ 45°C
- Charge/discharge efficiency : 99.2 ~ 99.8 % - Charge/discharge efficiency : 80-90%
. . . . . o - Specific Power : ~ 18 kW/kg - Specific Power : ~0.2 ~ 0.4 kW/kg
LS Mtron provides optimal package design to provide the best in performance and reliability. - Cycle durability : 1000k Cycles el iy 3 A0 Gl

High Energy & High Power - Ultracapacitor - Li-ion Battery

Ultracapacitors are unique energy storage devices offering high power and high energy simultaneously, compared with
conventional electrolytic capacitors and batteries. The high energy stored by Ultracapacitors in comparison to conventional
electrolytic capacitors is derived from activated carbon electrode material having the extremely high surface area and the
short distance of charge separation created by the opposite charges in the interface between electrode and electrolyte.

Activated Carbon Electrode Activated Carbon Electrode

Ultracapacitor + Li-ion Battery

Electrolyte

Discharge ®/099
i ®S Pore%e

Charge

AV

High power, long shelf and cycle life performance of Ultracapacitors originate in the energy storage mechanism differing from

batteries. With batteries, energy is stored and released via chemical reaction inside electrode material that causes degradation By combini ng Ultraca pacitor and Li-ion batte ry
of the entire system. On the other hand, Ultracapacitors use physical charge separation phenomena between the charge on
an electrode and ions in electrolyte at the interface. Since the charge and discharge processes are purely physical and highly

reversible, Ultracapacitors can release energy much faster and with more power compared to batteries which rely on slow Ultracapacitor provides substantial benefits in terms of performances = ;..'
chemical reactions and can be cycled hundreds of thousands of times without significant effect on performance. battery life and energy economy 3 U
R Ss

10° _— . . - To improve the application efficiency and energy economy over variable E E?'J

Ultracapacitor operating conditions

NiCads . il . dashed lines are isotherms of - To assure reliable performance and fast response even with battery degradation
o characteristic time constant

Lead-acid

pacitors

- To extend battery life by shaving peak load

-layer capacitors

= s
SPEEd Aluminum
electrolytic

36ms
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Cell

LS Mtron has more than 45 types of cells in mass production

i
|

+ Cylindrical Type Cell

-

Lug & Snap-in Terminal Type

*Snap-in (100F/ 120F)

Cylindrical Terminal Type

EEC

«Short Screw (STO1)

«Weldable (\WTO01)

+Lug (320F ~ 600F)

«Long Screw (LTO1)

M16 Terminal

*Snap-in
(4pin, 350F ~ 600F)

+Long Screw (LT02)
M12 Terminal

J

Cell/Module Part No. Rule

BE[]DDDRDDIJDDDFDD(DDDD)

22D Series PCB mounting type cell
Rated | Capa Max. Max. Leakage Max. ) . !
Series | Voltage | citance Part No. ESR(DC) | Current Current | Stored Energy |  VVeight Tpe Dimension
v F mQ A mA Wh kg @ X mm
78 100 LSUC 002R8S 0100F EA 9.0 74 <03 0.10 0.023 22x 146
22 120 LSUC 002R8S 0120F EA 9.0 81 <04 0.13 0.023 Snap-in 22x 146
3.0 100 LSUC 003R0S O100F EA 9.0 79 <03 0.12 0.023 22 x146
33 @ Series PCB mounting type cell
Rated | Capa Max. Max. Leakage Max. ) . !
Series | Voltage | citance Part No. ESRDC) | Current Current | Stored Energy |  Veight Tpe Dimension
\ F mQ A mA Wh kg @ x mm
33 28 360 LSUC 002R8L 0360F CU03 32 234 <1.0 0.39 0.065 Lug 33xL61
35 @ Series PCB mounting type cell
Rated | Capa Max. Max. Leakage Max. ) . !
Series | Voltage | citance Part No. ESRDC) | Current Current | Stored Energy |  Veight Type Dimension
\ F mQ A mA Wh kg @ x mm
320 LSUC 002R8L 0320F EM 20 273 <1.0 0.34 0.078 Lug 35x161
350 LSUC 002R8L 0350F EA 32 231 <1.0 0.38 0.072 35x161
400 LSUC 002R8L 0400F EA 3.0 255 <1.0 043 0.080 35xL66
28 450 LSUC 002R8L 0450F EA 30 268 <1.0 0.49 0.088 35xL71
35 600 LSUC 002R8L 0600F EA 32 288 <13 0.65 0.090 Lug or 35xL71
720 LSUC 002R8L 0720F EA 20 413 <15 078 0.130 snap-in 35%1105
380 LSUC 003ROL 0380F EA 32 257 <1.0 047 0.072 35x161
3.0 430 LSUC 003ROL 0430F EA 30 282 <1.0 0.53 0.080 35xL66
480 LSUC 003ROL 0480F EA 3.0 295 <12 0.60 0.088 35xL71
60® Series Busbar connection type cell
Rated | Capa Max. Max. Leakage Max. . . .
Series | Voltage | citance Part No. ESRDC) | Cument | Current | Stored Energy | VVeight Type Dimension
\ F mQ A mA Wh kg @ x mm
650 LSUC 002R7C 0650F NH 0.57 640 <15 0.65 0.200 60xL51.5
1200 LSUC 002R7C 1200F NH 0.33 1160 <7 1.21 0.280 60xL74
2.7 1500 LSUC 002R7C 1500F NH 0.28 1426 <30 1.51 0.320 60 x L85
60 2000 LSUC 002R7C 2000F NH 0.27 1753 <4.0 2.02 0.380 Cylindrica 60xL102
3000 LSUC 002R7C 3000F NH 0.23 2396 <5.0 3.03 0.515 60xL138
2.85 3400 LSUC 003ROC 3400F NH 0.23 2719 <80 3.83 0.515 60xL138
30 3000 LSUC 003ROC 3000F NH 0.23 2663 <5.0 3.75 0.515 60xL138
3400 LSUC 003ROC 3400F NH 0.23 2800 <80 425 0.515 60xL138

*Max. Current : Non-repeated (Calculated value)

*Qperating Temperature Range : -40 ~ 65°C

Charge
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World

* \Voltage

* Product(Cell)
-Code C

* Product(Module)
-Code M

-Code U

M_l_'

M_l_'

* Cell Type(Snap-in)
-Code S

* Cell Type(Lug)
-Code L

* Cell Type (Cylindrical)
-Code C

+ Capacitance

* Internal Code

LS Ultracapacitor

* Internal Code

11



MOdUIG LS Mtron has more than 20 types of modules in mass production

PCB type SEries  PCB type Series is modules built up with 220 & 339 series cells on PCB board CTC Descri ption

Rated | Capa | Max. | 12k Leakage | Stored ! . . CTC (Cell to Cell) series module can be made up with connected cells (609 Series cell) at customer's request
Part Voltage | citance | ESR(DC) oMtinUOUS | Current | Energy | YWeight Baland Monitori Dimension . i, :
No. 9 Current 9y alancing onitoring The CTC module can be made from 16V up to 108V without additional development with extendable module case
v F mQ | (AT=40°C) mA Wh kg L x W x H(mm)
LSUM 016R8L 0058FEA  16.8 58 22 20 <110 23 0.7 Active or Passive - 245x47 x76.6 ‘ L L L ‘
LSUM 168ROL 0005FEA 168 58 240 12 <250 22.7 6.5 Passive Temperature(NTC)/Half Voltage monitoring 235x367x79 ! ‘ I
LSUM 403R2L 0004F EA  403.2 4.1 400 25 <350 926 230 Passive Temperature(NTC)/Over Voltage 795x185x 179.5
418 | == 4 4 -
1k 1
Monitoring for CTC series module
LSUM 016R8L 0058F EA LSUM 168ROL 0005F EA LSUM 403R2L 0004F EA
Temperature Temperature Connector Cell yolte}ge Balanding
sensor interface mon|tor|ng
NTC Thermistor Analog 4pin OVA(Optional) Active or Passive
B USba r type Series Busbar type Series is modules built up with 609 series cells connected with busbar
Max.
Rated | Capa | Max. ; Leakage | Stored . . .
P; ) Continuous ) o
N‘:;t Voltage | citance | ESR(DC)| ~Curers | Current | Energy | VVeight Balancing Monitoring Dimension
v F mQ | (AT=40°C) mA Wh kg L x W x H(mm) / / / ) / i / 7
LSUM 016R2C OS00F EA 162 500 17 200 0 182 56 AdiveorPassive Temperature(NTC) 672x4162 %1759 CTC series CTC (Cell To Cell) series module is available from 16V to 108V, is extendable and customizable without additional costs to the customer
LSUM 032R4C 0250F EA 324 250 33 150 <11.0 36.5 100 Passive - 137.1x426.6x 184 Adapted Cell Module Rated c M Max. Leak Stored
LSUM 048R6C O166FEADC 486 166 50 130 <50 545 140  Active or Passive Temperature(NTC)/Over Voltage 1945x4195x 177 Part ate -apa 2| Continuous | 7£3Ka9= tore Weight Dimension
. ! ! . : p g : . No Rated Voltage | Capacitance - Voltage | citance |ESRDC)| “cyment | Current | Energy
LSUM 051R3C 0166F EA 51.3 166 50 100 <285 60.7 120 Active or Passive Temperature(PTC)/Over Voltage 5904 x136x171 ' vV F eries v F m | (AT=40°C) mA Wh kg L x W x H{mm)
LSUM 086R4C 0093F EA 86.4 93 113 80 <120.0 9.4 270 Passive Temperature(PT100) 517x265x210.5 LSUM 048R6C 0066F EAY) 18 486 66 72 160 <2.7 (Active) 217 103 279x418x 71
LSUM 129R6C 0062F EA 129.6 62 132 240 <5.0 144.6 550  ActiveorPassve  Temperature & Voltage(CAN 2.0B) 720x405x 226 LSUM 064R8C 0050F EAY) 1200 24 648 50 96 130 <27 (Passive) 292 132 362 x418x 71
LSUM 048R6C 0083F EAY) 1500 18 436 83 6.1 180 < 3.0 (Active) 272 1.5 312x418x 71
. LSUM 064R8C 0062F EA Y] 7 24 64.8 62 8.1 140 <27 (Passive) 36.2 14.8 406x418x71
LSUM 048R6C 0111FEA Y] ' 5000 18 486 m 59 180 <4.0 (Active) 364 135 363x418x71
LSUM 064R8C 0083F EAY) 24 64.8 83 78 150 <27 (Passive) 484 175 474x418x71
LSUM 048R6C 0166F EAY) 3000 18 486 166 5.0 200 < 5.0 (Active) 54.5 17.2 471x418x 71
LSUM 064R8C 0125F EAY) 24 64.8 125 6.7 160 <27 (Passive) 729 225 618x418x71
LSUM 016R2C 0250F EA AG 1500 250 20 150 <30(Adie 9.1 39 311x166x70
! ) : X 166 x
LSUM 016R2C 0500F EA LSUM 032R4C 0250F EA LSUM 048R6C 0166F EA DC LSUM 051R3C 0166F EA <27 (Passive)
2.7 6 16.2
< 5.0 (Active)
LSUM 016R2C 0500F EA AG 3000 500 1.7 200 ) 18.2 59 470x 166 x 70
’ <27 (Passive)
- S
[
™ _ i
. . L ’4" . !
) ﬁ e
LSUM 086R4C 0093F EA LSUM 129R6C 0062F EA
LSUM 048R6C 0166F EA'Y) LSUM 016R2C 0500F EA AG LSUM 016R2C 0250F EA AG
o | eakage Current can be changed by Balancing method o NTC Thermistor & Group voltage monitoring is analog method

¢ Customized module can be supplied under the customer's requirement

12 Charge the, World LS Ultracapacitor 13
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Ultracapacitor Biz. History

Longest history in the ultracapacitor industry
LS ultracapacitor has 18 years of history in the ultracapacitor industry

Jan. 2018

Mass production of
3V 3000F cell

08
Jan. 2017

Mass production of
2.85V 3400F cell

Jan. 2014

i3

Charge th

Development of
Cell to Cell connection
Module

05

Dec. 2008

04
LS Mtron separated from
LS Cable bringing UC business
division

03

May. 2005
02

Development of
2.8V 3000F EDLC

June. 2020

Mass production of
3V 3400F cell

Mar. 2016 @
Mass production of

3V medium series cells

(PCB type)

Feb. 2013 %
Move to LS Mtron Hi-Tech Em

Center with production line
automated and expanded

Dec. 2006 l !

Set up of mass
production line at
LS Gumi factory

Sep. 2002
&

Research and Y
Development kick start at
LG Cable

e, World

Markets for LS Ultracapacitors

Cartilficate of Registration

AGV

-Numerous charge & discharge cycles,
long life span

- Peak power shaving, minimizing power
infrastructure investment

+Energy saving

Power Quality Solution (UPS)

«Instant back up for voltage sag or dip

+Maintenance free for up to 20 years

- Ultra-safe, eliminating concerns for fire
or explosion

Passenger Car and Vehicle

- Stabilize DC power supply and extend
battery life

-Improve fuel economy by reducing
alternator loadings

- Jumpstart in all seasons

Hybrid Harbor Crane

«Peak shaving and reduction, improving
crane reliability

- Significant savings in power infrastructure
investment

-Long term return in energy savings

Photovoltaic and Solar Lighting

+Provides a reliable ESS solution in
extreme environments
-Long service life and maintenance free

18 Mpvem i, Ay (0 Tl s

H b D R G e RS

+1SO 14001:2015

i5 Mg |, s ang 100 b

B MY IS
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+ OHSAS18001:

Wind Turbine

+Maintenance free in all environments
and long service life

- Ultra-safe, eliminating concerns for fire
or explosion

Hybrid Heavy Equipment

-Peak power shaving, downsizing motor
and engine requirement

«Improve fuel economy and meet emission
regulations

-Long service life and maintenance free

Transportation

+Numerous charge & discharge cycles,
maintenance free

- Capture regenerative braking energy,
improving energy efficiency

- Ultra-safe, eliminating concerns for fire
or explosion

HEV (Hybrid Electric Vehicle)
+Provide peak power, extending battery life
- Capture regenerative braking energy
«Jumpstart in all seasons

Etc.

- Adaptable and serviceable in all
environments

-Maintenance free, excellent investment
return

+Instant and huge power supply

CERTIFICATE OF COMPLIANCE

« UL Certification




LS Mtron International Business Locations

secured 10 overseas bases
including China, Brazil, USA, and Vietnam

LS MQ, LS EQ
LS MW
LS TA
POLAND Atlanta
Branch Branch
LS MB
Sao Paulo
sEONU Branch
[ ]
QO Subsidiaries Nongaon, Jeonju .
Casco, Jeongeup ®
Q Branches °
Growth of international subsidiaries and foothold LS TOWER, Hi-Tech Center Jeonju Plant, Engine Plant
2020
2008

3 1 O

Head office, Electronic Components, Tractors, Injection Molding Systems
Ultracapacitors, R&D Center, Sales Track Shoes, Tractor Engine





