LSUCI: LSTMtron

LS Ultracapacitor

New-generation Energy Storage Devices with
Great Power and Great Reliability r




Leading Solution

LS Mtron, LS Cable & System, LSIS,
LS-Nikko Copper, Gaon Cable, E1 and Yesco



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).

Lg Industrial Electric-Electronic,
Energy & Material

@ LG LG Electronic & Chemical

GS Energy &Retail

INNOVATIVE TECHNOLOGY PARTNER - LS Mtron

LS Mtron's mission is to grow into a company that provides mar-
ket leading solutions while devloping a workplace where its em-
ployee 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 im-
plement the most efficient solutions based on a market knowl-
edge 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

Ultracapacitor

Electronic Parts
Connectors / Antenna’s

Machinery
Tractor
Injection Molding Machine

Track Shoes




LS Ultracapacitor

New-generation Energy Storage Devices with Great Power and Great Reliability

Overview

LS Ultracapacitor energy storage devices are positioned between
conventional electrolytic capacitors and rechargeable batteries.
LS Ultra capacitors 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)
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Introduction to LS Ultracapacitor Technology

Structure

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.

( Y D
CEEECIC) i
Porous Carbon Electrolyte 6000606
Electrode Current Collector
Separator

LS Mtron provides optimal package design to provide the best in performance and reliability.

LS Ultracapacitor Cylindrical Type LS Ultracapacitor Prismatic Type

Porous Carbon Electrode

Separator

Multi Layer

«

Separator

S}

Porous Carbon Electrode

Operating Principle

Ultracapacitors store energy based on electrostatic charges on opposite electrode surface of the electric double layer which is
formed between the electrodes and the electrolyte. Randomly distributed ions in the electrolyte move toward the electrode sur-
face of opposite polarity under electric field when charged. It is a purely physical phenomenon rather than a chemical reaction and
is a highly reversible process. This results in a high power, high cycle life, long shelf life and maintenance-free product.
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Differences Between LS Ultracapacitor & Other Energy Storage Devices

High Energy & High Power

Ultracapacitors are unique energy storage devices offering Activated Carbon Electrode Activated Carbon Electrode
high power and high energy simultaneously, compared with
conventional electrolytic capacitors and batteries. The high en-

ergy stored by Ultracapacitors in comparison to conventional Discharge
electrolytic capacitors is derived from activated carbon elec-
trode material having the extremely high surface area and the Charge

short distance of charge separation created by the opposite
charges in the interface between electrode and electrolyte.

High power, long shelf and cycle life performance of Ultracapac-
itors originate in the energy storage mechanism differing from
batteries. With batteries, energy is stored and released via chem- 10°
ical reaction inside electrode material that causes degradation
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
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reversible, Ultracapacitors can release energy much faster and & ol
with more power compared to batteries which rely on slow - loses -7 | sems '°°"°'Y"°
chemical reactions and can be cycled hundreds of thousands of 10" e — — —

10 10 10° 10

times without significant effect on performance. Power density(Wikg) —

Charge & Discharge

Ultracapacitors possess different charge and discharge characteristics compared with rechargeable batteries.

Batteries have a voltage plateau region but Ultracapacitors have a linear relationship with voltage during charge and discharge.
This linear relationship with voltage can change to constant voltage by simply utilizing a DC-DC converter.

The amount of energy stored in an Ultracapacitor can be easily calculated by measuring voltage.

Discharge Discharge

abejjon
abejjopn

Battery Ultracapacitor

Formulas for calculating energy in a capacitor

The different units used between Ultracapacitors (Farad) and batteries (Ampere hour) can be confusing to users when adopting
Ultracapacitors in their system. The amount of energy stored in an Ultracapacitor can be easily calculated by using following equation.

Energy (Joule) = 1/2 x Capacitance (Farad) x Voltage? (Volt)
This can be converted from Farad for Ultracapacitors to Watt hour unit which is normally used for conventional rechargeable batteries.
Energy (Watt hour) = Energy (Joule) / 3600 (sec)

LS Mtron recommends discharging Ultracapacitors from 100% of their rated voltage to 50% of their rated voltage in order to
deliver 75% of their total energy.
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LS Ultracapacitor Cells

Specifications_2.7V

Max.

Series Rated Current Leakage S,’X‘)?:a Operating Dimension
Voltage Non-epeated | - Current
(Calculated value) Energy
LSUC002R7R 0003F EA 3F 2NV 80mQ 3A <0007mA  0003Wh  00014kg -40~65°C Radial 08 X L20mm
LSUC 002R7R 0005F EA 5F 2V 60mQ 5A <0010mA  0005Wh  00021kg -40~65°C Radial 010X L20mm
Radial LSUC002R7R 0010F EA 10F 2V 45mQ 9A <0023mA  0010Wh  0.0029%g -40~65°C Radial O10XL30mm
Type LSUCO002R7R 0025F EA 25F 2V 25mQ 20A <0045mA  0.025Wh 0007kg -40~65°C Radial 016 XL25mm
LSUC 002R7R 0033F EA 33F 2NV 20mQ 26A <0060mA  0033Wh 0010kg -40~65°C Radial 018XL31Tmm
LSUC 002R7R 0050F EA 50F 2NV 15mQ 38A <0075mA  0051Wh 0012kg -40~65°C Radial ®18XL40mm

« Projected life time or cycle life time are varied based on cell type. Data sheet for each product can be downloaded on www.ultracapacitor.co.kr

Specifications_2.8V

Capaci- Rated Ol
Series ta?]ce Voltage Norvrepeated Weight Temperature Type Dimension
(Calculated value) Range
LSUC 002R8S 0100F EA 100F 28V IMQ 74A <03mA 0.10Wh 0023kg -40~65°C Snap-in 022X L46mm
LSUC 002R8S 0120F EA 120F 28V IMQ 81A <04mA 0.13Wh 0023kg -40~65°C Snap-in 022X L46mm
LSUC 002R8L 0320F EM 320F 28V 2mQ 273A <TmA 034Wh 0078kg -40~65°C Lug O35XL6Tmm
Snap-in&Lug LSUCO02RBLO350FEA  350F 28V 2mQ 231A <ImA 038Wh  0072kg  40~65°C  Lug/Snapin  ©35XL61mm
Type LSUCO02RBLO400FEA  400F 28V M0 255A <ImA  043Wh  0080kg  <40~65C  Lug/Snapin  O35XL66mm
LSUCO02R8LO450FEA  450F 28V 3mQ 268A <ImA  049Wh  0088kg  40~65C  Lug/Smapin  ®35XL7Imm
LSUCOO2RSL OGOOFEA  600F 28V 32m0  288A  <13mA  065Wh  00%kg  40~65C  Lug/Snapin  ®35XL7Imm
. . o . . W55XD55
PrismaticType LSUC 002R8P 3000F EA 3000F 28V 036mQ 2019A <5mA 326Wh 0650kg -40~65 C Prismatic XL155mm

« Projected life time or cycle life time are varied based on cell type. Data sheet for each product can be downloaded on www.ultracapacitor.co.kr

Specifications_3.0V

Max -
i Max. : Max. Operating
SEles iclidh. o t?a?\ig VoTttaege = Non-l:ér;enated ij,':ﬂf Stored | Weight |Temperature|  Type Dimension
OO | (Gatedale) Energy Range
100F

LSUC 003R0S 0100F EA 30V ImQ 79A <03mA 0.12Wh 0023kg -40~65°C Snap-in ©22XL46mm

Snap-in&Lug LSUCOO3ROLO38OFEA  380F 30V 32mQ 257A <1mA 047Wh  0072kg 40~65°C Lug/Smapin  ®35XL6Tmm
Type LSUC 003ROL 0430F EA 430F 30V 3mQ 282A <1mA 053Wh 0.080kg -40~65°C Lug/Snapin  ®35XL66mm
LSUC 003ROL 0480F EA 480F 30V 3mQ 295A <12mA 060Wh 0.088kg -40~65'C Lug/Snapin  ®35XL71mm

« Projected life time or cycle life time are varied based on cell type. Data sheet for each product can be downloaded on www.ultracapacitor.co.kr
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Specifications_Cylindrical

. Max. Operating
Capaci- Rated Current Leakage . . .
SEllEs el tance | Voltage Non-repeated |  Current Etored Weight |Temperature|  Type Dimension
(Calulated value) nergy Range

LSUC 002R7C 0650F EA 650F 057mQ 640A <15mA 065Wh 0.200kg -40~65°C Cylindrical ~ ®60XL51.5mm

LSUC 002R7C 1200F EA 1200F 2NV 033mQ 1160A <27mA 121Wh 0.280kg -40~65°C Cylindrical 60X L74mm

LSUC 002R7C 1500F EA 1500F 2NV 028mQ 1426A <30mA 151Wh 0.320kg -40~65°C Cylindrical O60XL85mm

Cylindrical LSUC 002R7C 2000F EA 2000F 2V 027mQ 1753A <40mA 202Wh 0.380kg -40~65°C Qylindrical ®60XL102mm
Type LSUC 002R7C 3000F EA 3000F 2NV 023mQ 2396A <50mA 303Wh 0515kg -40~65°C Cylindrical O60XL138mm
LSUC 02R85C 3400F EA 3400F 285V 023mQ 2719A <80mA 383Wh 0515kg -40~65°C Cylindrical O60XL138mm

LSUC 003ROC 3000F EA 3000F 30V 023mQ 2663A <50mA 375Wh 0515kg -40~65°C Cylindrical O®60XL138mm

LSUC 003ROC 3400F EA 3400F 30V 023mQ 2800A <80mA 425Wh 0515kg -40~65°C Cylindrical O60XL138mm

« Projected life time or cycle life time are varied based on cell type. Data sheet for each product can be downloaded on www.ultracapacitor.co.kr

Products
Radial Terminal Type

Lug & Snap-in Terminal Type

« Radial (3F ~ 50F) « Snap-in (100F/ 120F) « Lug (320F ~ 600F) « Snap-in (4pin, 350F ~ 600F)

Cylindrical Terminal Type

« Short Screw (STO1) «Weldable (WTO1) «Long Screw (LTO1) «Long Screw (LT02)
« Cylindrical Type Cell %M16Terminal %M12Terminal

Cell/Module Part No. Rule

Ls (I CICCIREICT CICICICIF DE(DDDD)

.Vo|tage « Capacitance «Internal Code T
« Cell Type(Prismatic) +Internal Code [
« Product(Cell) -CodeP
-CodeC + Cell Type(Radial)
« Product(Module) -CodeR
-CodeM - Cell Type(Snap-in)
-CodeS
« Series(AN Series, PC Series) - CellType(Lug)
_CodeU -CodelL
« Cell Type (Cylindrical)
-CodeC
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LS Ultracapacitor Modules
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LS Ultracapacitor Modules provide the optimal solution for high voltage and current requirements by connecting
Ultracapacitor unit cells in series. Higher voltage and capacitance modules can be built simply by connecting the modules.

Low internal resistance and high working voltage features of LS Mtron modules maximize the available energy while keeping
maintenance free, high reliability and wide operating temperature features of LS Ultracapacitor unit cell.

Features

« Low Internal Resistance

« Balancing and Overvoltage Protection

« Easy Build-up Design for High Voltage Module
« Efficient Heat Transfer to Outside

« Pressure / Moisture Control

LS Ultracapacitor modules are suitable energy storage systems for a wide variety of applications.

Specifications - PCB Type

Max. :
: 5 Operating
Capaci- | Rated | ESR | Continuous Leakage | Energ . . o . .
Part No. Y | Weight|  Balancin Monitorin Temperature Dimension
tance Current - 9 g g p
-. Yotage| B9 |yl | Curent”| Densiy Range
58F

LSUM 016R8L 0058F EA 168V 22mQ 20A <1TmA  32Wh/kg 07kg ActiveorPassive - -40~65°C 1245 x W47 x H76.6mm

Temperature (PTC)/

LSUMT6RALOOISFEA  155F 1624V 110mQ  12A  <32mA  30Whkg 185kg  Passive s 40~65C  LogaxWa02xH1E35mM
. Temperature (NTC)/ o

LSUMIGSROLODOSFEA 58 163V 240m0 1A <5mA  3SWhkg 65k Pasie oo iUl 40~65C L235xWaETxH7omm

LSUMO3SORBLOOO2FEA  25F 3808V 650mQ  12A  <12mA  27Whkg 184kg  Passive Te’"gjgf\t/‘(‘)’lfagw 40~65°C  L750xW191 xH163mm

« Leakage Current”” can be changed by Balancing method
« NTC Thermistor & Group voltage monitoring via CAN2.0B
« Customized module can be supplied under the customer's requirement

Specifications - Busbar Type

. : Operating
Capaci- | Rated | ESR | Continuous Leakage | Energy . . o . .
Part No. tance | Voltage @i | By Weight|  Balancing Monitoring | Temperature Dimension
Range

. . Temperature o

LSUM016R2C 0250F EAAG  250F 162V 2mQ 150A <3mA 23Wh/kg  39kg  ActiveorPassive (NTQ) -40~65C L311xW166 x H70mm
. . Temperature o

LSUM 016R2C 0500F EA 500F 162V 17mQ 200A <5mA 33Wh/kg  56kg  ActiveorPassive (NTO) 40~65C  L672xW4162xH1759mm
. . Temperature o

LSUM016R2C0500F EAAG  500F 162V 1.7mQ 200A <5mA 31Whkg  59kg  ActiveorPassive (NTO) -40~65C L470 x W166 x H70mm

LSUM 032R4C 0250F EA 250F 324V 33mQ 150A <1TmA 36Whkg  10kg Passive - 40~65°C  L137.1xW4266xH184mm

LSUMO48R6COT6GFEADC 166F 486V 5mQ  130A <SmA  39Whkg  14kg  ActiveorPassive Temgve:f;ﬂgp/ 40~65°C  L1945XWA195xH177mm

Te iture (NT
SUMOIRGCOTGGFEAY)  166F 486V Sm  200A  <SmA  3Mhkg 172kg AdieorPassie | geeyvaran ) 40-65C  LaZIxWaisxH7imm

Temperature (PTC)/
LSUM 051R3C 0166F EA 166F 513V 5mQ 100A <285mA  51Wh/kg  12kg  Active &Passive C;PveerVolta(ge ) -40~65°C L5904 xW136xH171mm

LSUMOSGRACO093FEA  93F 864V  113mQ  80A  <120mA  36Whkg 27kg Passive Te'("P’ﬁ?;;"e 40~65°C  L517xW265xH2105mm
T v .
LSUMI20R6CO062FEA  62F 1296V 132mQ  260A <SmA  26Whkg  55kg  ActiveorPassive empeg‘;{;g‘mmge 40~65°C  L720XWA05 X H226mm

- Leakage Current” can be changed by Balancing method
« NTC Thermistor & Group voltage monitoring via CAN2.0B
« Customized module can be supplied under the customer's requirement



Busbar Type Busbar Type

Size Scalable (Up or Down)

PCB Type PCB Type

-LSUM 016R8L 0058F EA m @ . LSUM 168ROL G00SF EA . -

Busbar Type Busbar Type

P

+LSUM 016R2C 0500F EA +LSUM 048R6C 0166F EADC &

Busbar Type Busbar Type

+LSUM 129R6C 0062F EA

4

- LSUM 086R4C 0093F EA i,




Markets for LS Ultracapacitors

HEV (Hybrid Electric Vehicle)

+ Auxiliary power
Recapture braking energy and compensate
peak power load Increase energy efficiency
of vehicle

» Emergency backup power for brake
Increase reliability of safety system

FCEV (Fuel Cell Electric Vehicle)

« Output load compensation for fuel cell
Provide peak power compensation
(Fuel cell has constant power performance)

Hybrid Harbor Crane

* Auxiliary power
Regenerate the energy while lowing
the container Provide output load
compensation during lifting container
Reduce size of ICE Increase energy

\ —— efficiency of crane

Hybrid Construction
& Distribution Equipment

+ Auxiliary power
Recapture the energy from equipment operation
Excavator : Boom movement, Upper part rotation etc
Forklift : Lowering goods, braking forklift etc

Provide peak power compensation

Power Quality Solution (UPS)

* Instantaneous power compensation
Suitable for short time backup (~30 sec)
Fast reacting time could prevent voltage sag
Increase power quality for delicate process

Locomotives

« Auxiliary power
Regenerate energy while braking
Provide peak power compensation
Installed in vehicle or station
Increase energy efficiency

Photovoltaic & Solar light

* Energy storage
- Photovoltaic
Provide energy for motor used in heliostats
- Solar light
Store energy generated from the sun light during daytime
Provide energy for light during night time
Increase service life of solar light product

Wind Turbine

« Emergency backup power
Provide emergency power for pitch system
Increase reliability of pitch system
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Global Network

Subsidiaries

LSEQ

Yu-Huanging Industrial Area, Xiazhuang,
Chengyang Dt, Qingdao, 266109 China

Tel : +86-532-8096-2200 Fax : +86-532-8096-2288

LSMW

LS Industrial Park, Xin Mei Rd, National High-tech
Industrial Development Zone, Wuxi,

Jiangsu Province, 214028 China

Tel : +86-510-8299-3888 Fax : +86-510-8299-3889

LsSMa

Yu-Huanging Industrial Area, Xiazhuang, Chengyang
District, Qingdao, China 266109

Tel : +86-532-8096-5618 Fax : +86-532-8096-5616

LSTA

PO Box 70, 6900 Corporation Parkway,
Battleboro, NC 27809, USA

Tel : +1-252-984-0700 Fax : +1-252-984-0701

LSMB

Rua Vereador Klaus Lennertz, 2013, Palmital,
Garuva/SC Brazil

Tel : +55-47-3422-4563

= LS Mtron’s overseas corporations

m LS Mtron'’s overseas branches (offices)

m LS Mtron’s subsidiaries (overseas corporations)

LSTA®

u Atlanta Branch Office

LSEV

No. 05, Street 11, VSIP Bac Ninh, Tu son Town,
Bac Ninh Province, Vietham

Tel : +84-(0)241-3765-630/631

LSMI

JL. Samsung 2 Blok D3A. Jababeka UKM Center
Segitiga Emas, Eesa Mekarmukti, Kec, Cikarang Utara,
Kab. Bekasi 17550-INDONESIA

Tel : +62-21-8326-7740

Branches

Hanoi Office

CHARMVIT Tower 10F #17 117 TRAN DUY HUNG STREET,
CAU GIAY DISTRICT, HANOI, VIETNAM

Tel: 84 -24-3201- 1572

Poland Office
ul. Legnicka 17/7,53-671 Wroclaw Poland
Tel : +48-71-349-77-58

Atlanta Office
6670 Jones Mill Ct. Norcross GA 30092
Tel : +1-770-674-74

= LSMB



Korea Operations (Domestic Business Locations)

(]
Anyang ¢
.T o
LS TOWER, Hi-Tech Center
(Head office, Electronic Components,
Ultracapacitors, R&D Center, Sales) . () .
[ ]
= — Jeonju
® ®
Nongaon, Jeonju.
Casco, Jeongeup.
) [
[ ]
Jeonju Plant, Engine Plant
(Tractors, Injection Molding Systems
Track Shoes, Tractor Engine) @ Head Office and Business Locations

® Sales Offices
@ Subsidiaries

= Poland Office

n
Korea
LSEQ,LSMQ =

LSMW =

= LSEV

= LSMI



Lsiick

Cutstanding People, Best-in-Class Product, Winning Partnership

=r
LS Mtron

www.lsmtron.com
www.ultracapacitor.cokr

Tel, +82-31-8045-9609

Contact Information | s
E-mail. ultracapacitor@lsmiran.com

L5 Mtron Hi-tech center, 39, 116beon-gll, L5-ro, Dongan-gu, Anyang-si, Gyeonggi-do, 14118, Korea
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