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Introducing LG Chem

LG Chem at a Glance

Energy Solutions

Foundation 1947
Headquarters Seoul, Korea
@ LG Chem Employees 26,000
Sales Revenue USD 18B (2015)

Basic Materials IT & Electronics
& Chemicals Materials

Energy Solutions

With 22 years of experience in successfully delivering products and solutions to customers in the global energy sector,
LG Chem is recognized as the industry leader in Lithium-ion battery manufacturing.
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Introduction

Global Operation of Energy Solutions

LGChemissuccessfullyimplementingrapidgo-to-marketstrategiesacrossitswiderangeofglobalnetworks.Bylocating
manufacturingplantsinthethreestrategiclocationsofKorea,China,andtheU.S,LGChemcansupplybatteriestomeetthe
needs of local customers in the most efficient and timely manner.

Nanjing Plant Ochang Plant Holland Plant
China Korea M1, US

“l':rankfurtTechCenter

Germany Troy Tech Center

MI, US

¥ HQ (Seoul)
¥ R&D Center
Manufacturing Facility

¥ Marketing Subsidiary
HQ Daejeon R&D Center
Korea Korea

Business History of Energy Solutions
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Founded Began Lithium-ion Began Volume Began Volume Began Volume
LG Chem Battery R&D Production of Production of Production of
Lithium-ionBattery ~ Polymer Battery ~ Automotive Battery
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Installed/Awarded Began Volume Installedthelargest ~ Began Volume Began ESS
Cumulative 1.6GWh of  Production of Grid-scale Project Production of BatteryBusiness
Grid-scale Projects RESUG4EX intheUS.(32MWh)  Residential ESS

(As of May, 201 6)




TotalSolutionsforE SS(EnergyStorageSystem)

Applications of ESS

ESS(EnergyStorageSystem)providessolutionsforapplicationsthroughoutpowersupply systemsincludingGrid-scale,
Residential, C& (Commercial and Industrial), and UPS (Uninterruptible Power Supply).
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® Peak Shifting ® Frequency Regulation ® Self-consumption
® Renewable Integration ® Transmission & Distribution Deferral ~ @ Back-up Power Supply

Product Portfolio

LGChemoffersawidevarietyofproducts,suchasBatteryCells Modules,Packs,Racks,andContainersthatallowourcustomers
to source total solutions.

Lithium-ion

Battery Cells

Modules, Packs

Racks

Containers

v

Energy Solutions

Technical Strengths

Lithium-ion Battery Cell

Compactness & Long Lifespan - Safety
LGChem'sL&S(Lamination&Stacking)processminimizesdeadspace, LGChem'sSRS®(SafetyReinforcedSeparator)
enables higher energy density, and enhances the sustainability of cell | increasesthemechanicalandthermalstability
structures. - of battery cells.
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LG Chem : L&S LG Chem : L&S !
Less dead space Stable cell structure after cycles Nano scale g Micro porous
ceramic particles poly olefin film
SRS® Separator technology
(SafetyReinforcedSeparator) | withnano-coatingofceramic
particles
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Others : Winding Others : Winding

Battery System

System Optimization

ThehighenergydensityandoptimaldimensionsofournewgenerationofEnergyCell(JH3)andPowerCell(JP3)haveallowed
ustoradicallyimprove the efficiency of pack design.In 201 6,LG Chemisintroducing this enhanced space efficiencyinits
Modules, Racks, and Containers.

Cell Module Rack Container

« High Energy Density355\//h/2+ 4T0Wh/2 (15% )

* % of Space Reduction
- Optimized Dimension for 19-inch Standard Racks (Comparison with former models)



LG Chem ESS Solutions
Residential ESS

AnESScanstoresurplusenergygeneratedfromrooftopphotovoltaicpanelsforusewhenneeded.\Whenthe
sunhasset,energydemandishigh,orthereisablack-out,youcanusetheenergystoredinyour ESStomeet
yourenergyneedsatnoextracost.Inaddition,anESShelpsyoupursuethegoalofenergyself-consumptionand
ultimately energy-independence.

Electricity Bill Saving

@ - Charge during off-peak times
» Discharge during peak times

—|J
‘ : .
e — Self-consumption
T iy @ +— » Store solar energy generated from
: - photovoltaic panels for the future use.
v Yoy . E EmergencyPowerBack-up

« Discharge during a black-out, functioning as
back-up power

Slimmer & Lighter 184une
52 ]
. . R=sU |
- 165mm - 120mm

RESUG6.4EX (Former model) RESUG6.5

LG Chem ESS Solutions

Key Features of New RESU Series

| A

Compact Size & Easy Installation

ThecompactandlightweightnatureoftheRESUisworld-class.ltisdesignedtoalloweasywall-mountedor
floor-standinginstallationforbothindoorandoutdoorapplications.Theinverterconnectionshavealsobeen
simplified, reducing installation time and costs.

Powerful Performance

ThenewRESUseriesfeaturesindustry-leadingcontinuouspower(4.2kWforRESU6.5)andDCround-trip
efficiency(95%).LGChem'sL&S(Lamination&Stacking)technology providesdurabilityensuring80%of
capacity retention after 10 years.

Proven Safety

LGChemplacesthehighestpriorityonsafetyandutilizesthesametechnologyforitsESSproductsthathas
aprovensafetyrecordinitsautomotivebattery Allproductsarefully certifiedinrelevantglobalstandards.

W & e 2 &

Diversityin Product & Capacity Options

Atotaloffivedifferentmodelsareavailabletomeet customersvaryingneedswith respecttovoltageand
capacity. With the RESU Plus, all 48V models can be “cross-connected” with one other 48V unit of any
capacity. This allows the RESU range to offer energy storage capacities from 3.3kWh to 19.6 kWh.

48V 400V

8 £

R — S U PLUS RESU Plusis an expansion kit specially designed for 48V models of new RESU series.
— Number of expandable battery units: Up to 2EA



LG Chem ESS Solutions

LG C_hem ESS Solutions
Grid-scale ESS

Global Reference

LGChemhasinstalledorbeenawardedapproximately 1.6GWhofgrid-scaleprojectssincethelaunchofourESSbusiness.
Forstabilizingthegrid,anESSprovidescapabilitiessuchaspeakshifting,renewableintegration,andfrequency
regulation.Withourworld-leadingLithium-ionbatterytechnology,LGChemcanofferanentirebatterysystem
for grid-scale ESS applications.

1.6GWh World-leadingGrid-scaleESSsupplierwithextensiveexperienceand
(As of May, 201 5) proven reference projects
A A * Cumulative amount of installed/awarded projects
Capacity — o Power Frequency
(Mwh) o NN (MW) (Hz)
ischarge e\ ion Generation
,'/ B $ra?1gcrr§i§§i§n Investtmeét Costs /A‘\ A A A /\/“\ A
W 1 conerations ‘ — 90MW/140MWh — 132MW/5TMWh  BMW/32MWh
Transmission Investment Costs NRW/Saarland,Germany KEPCO (5 Substations), Korea Tehachapi, CA
Time Tre Tme TOMW/20MWh 17MW/5TMWh —— 20MW/9MWh
M Charge (24 Hours) — ESS Pattern (24 Hours) M Charge (Secs) Reunion & Corsica, France Yeongyang, Korea Lee Dekalb, IL
Discharge NaturalPattern(PV) Discharge
e ) . TOMW/11MWh 7.5MW/44MWh — 18MW/6MWh
Peak Shifting Renewable Integration Frequency Regulation Feldheim,Germany lksan & Ochang, Korea Meyersdale, PA
* Charge during off-peak times « Stabilizetheintermittentrenewablepower * Charge when grid frequency increases 10MW/5MWh — 62MW/31MWh — 10MW/4MWh
* Discharge during peak times by alternately charging and discharging * Dischargewhengridfrequencydecreases Northern Ireland, UK Hokkaido, Japan Currberdand:Mb
Advanced Battery System of LG Chem v -
LG Chem focuses on supplying advanced battery systems, including Cells, Modules, Racks, and Containers. Wy ¥ v ‘!
h \; L
Cells Modules AMW/T6MWh
. Yeongheung, Korea
High Energy Density Space Efficiency ]
2MW/1MWh
Eisenhuettenstadt, Germany
L 1TMW/500kWh TMW/500kWh - — TMW/2MWh
Sardinig, Italy Seattle, WA Cedartown, GA
e \World's Biggest Loading Capacity (4.8MWh, 40ft HCISO Container) ‘ Peak Shifting Renewablelntegration L | FrequencyRegulation ‘ MultiPurpose*

e Optimized System Configuration

* Consisting of two or more grid-scale applications




Specifications

Grid-scale ESS

<!, Power

7

Short-durationapplicationswithfastresponse, highpowersupply(< 1 hour)

Energy
’ Long-duration applications with continuous power supply (>1 hour)
Energy Module Models M4863P3B M48126P3B M48189P3B
Energy [kWh] 33 6.5 9.8
Capacity [Ah] 63 126 189
= Nominal Voltage [V] 51.8 51.8 51.8
v Voltage Range [V] 42.0~58.8 42.0~58.8 42.0~58.8
Dimension [W x H x D, mm] 445 x 110 x 339 445 x 110 x 587 445 x 110 x 846
Weight [kg] 25 44 68
Energy Rack Models R800 (14 Modules)
M4863P3B M48126P3B M48189P3B
Energy [kWh] 457 91.3 1370
Capacity [Ah] 63 126 189
Nominal Voltage [V] 725 725 725
Voltage Range [V] 588-823 588-823 588-823
L] Dimension [W x H x D, mm] 520x1,880x425 520x1,880x%x 670 520x 1,880 x 930
Weight [kgq] 435 707 1,075
R1000 (17 Modules)
Models
- M4863P3B M48126P3B M48189P3B
Energy [kWh] 555 1109 1664
Capacity [Ah] 63 126 189
Nominal Voltage [V] 881 881 881
Voltage Range [V] 714~1,000 714~1,000 714~1,000
o Dimension [W x H x D, mm] 520x2,200x%x 425 520x2,200x%x 670 520x2,200x%x 930
Weight [kg] 517 848 1,292
Energy Container P 40ft HC ISO Container
M48126P3B
Energy [MWh] 48
System Voltage [V dc] 714~1,000
Dimension [W x H x D, m] 122x29x25
Weight [ton] (with battery) 50
Ambient Temperature [°C] -20~50

Communication

CAN 2.0 B, Modbus TCP/IP

(System design can be changed according to customer requirements)

Models M4864P6B M48128P6B
Power Module
Energy [kWh] 33 6.6
Capacity [Ah] 64 128
\\ Nominal Voltage [V] 515 515
& ﬂ Voltage Range [V] 42.0-588 42.0-588
. Dimension [W x H x D, mm] 445 x110x 344 445x110x 592
Weight [kg] 28 47
Power Rack Models R800 (14 Modules)
M4864P6B M48128P6B
Energy [kWh] 462 923
Capacity [Ah] 64 128
Nominal Voltage [V] 721 721
Voltage Range [V] 588-823 588-~823
— Dimension [W x H x D, mm] 520x% 1,880 x 425 520x% 1,880 x 670
Weight [kg] 472 758
R1000 (17 Modules)
Models
M4864P6B M48128P6B
Energy [kWh] 56.0 1121
Capacity [Ah] 64 128
Nominal Voltage [V] 876 876
Voltage Range [V] 714~1,000 714~1,000
- Dimension [W x H x D, mm] 520x%2,200x 425 520x% 2,200 x 670
Weight [kg] 562 909
Power Container o 40ft HC ISO Container
M48128P6B
Energy [MWh] 40
System Voltage [V dc] 714~1,000
Dimension [W x H x D, m] 122x29x25
Weight [ton] (with battery) 50
Ambient Temperature [°C] -20~50
Communication CAN 2.0 B, Modbus TCP/IP

(System design can be changed according to customer requirements)



Specifications 12

Specifications 11

C&I ESS

Residential ESS

Models R400 R600 B?ggl(; r R800 R1000
'H Energy [kWh] 457 65.2 91.3 91.3 131.0 1109 1664
| Capacity [Ah] 126 126 126 126 189 126 189
48V h | Nominal Voltage [V] 363 518 +363 725 725 880 880
Voltage Range [V] 294-~412 420~588 294-412 588-823 588-823 714~1,000 714~1,000
Models RESU3.3 RESU6.5 RESU10 -294~-412
Total Energy [kWh] 33 65 98 Dimension[WxHxD,mm] | 520x1,200x670 | 520x1,880x670 | 520x2,200x670 | 520x1880x670 | 520x1,880x930 | 520x2200x670 | 520x2,200x930
Usable Energy [KWh] 29 59 38 Weight [kg] 400 570 760 740 1,160 890 1,350
Capacity [Ah] 63 126 189 Certificates UL 1973 (Listed), IEC 61000-6-2 / 61000-6-3, FCC Part15 Class A
Nominal Voltage [V] 51.8 51.8 51.8
Voltage Range [V] 42.0-588 42.0-588 42.0-588
Dimension [W x H x D, mm] 452 x 401 x 120 452 x 654 x 120 452 x 483 x 227 IDC UPS
Weight [kq] 31 52 75
Enclosure Protection Rating IP55
Communication CAN 20B o UPS Rack (10 Modules, 600V)
Cell UL1642 M4850P1B M4860P2B
Certificates Product CE /RCM /TUV (IEC 62619)/UL1973 Energy [kWh] 274 321
Continous Power [kW] 123 96
Compatible Inverter Brands : SMA, SolaX, Sungrow, Schneider, Ingeteam, GoodWe, Redback, Victron Energy )
(As of 3Q. 201 6, More brands to be added) Capacity [Ah] >4 .
Nominal Voltage [V] 511 518
Voltage Range [V] 420~588 420-~588
Dimension[WxHxD, mm] 600 x 600 x 2,000 600 x 600 x 1,800
Weight [kg] 440 435

:

Telecom. UPS

Models RESU7H RESU10H
Total Energy [kWh] 7.0 9.8
Usable Energy [kWh] 6.6 9.3 e
Capacity [Ah] 63 63 : r [ e v %
§ S i g LERVS
Voltage Range [V] 350-450 350-450 385-550
Dimension [W x H x D, mm] 744x692x 206 744907206 Models MA4860P2S M4863P3S M48126P3S M4830P2S1
Weight [kq] 76 97 ‘ 998 Energy [kWh] 32 33 6.5 16
Enclosure Protection Rating IP55 Capacity [Ah] 63 63 126 315
Communication RS485 ‘ RS485 ‘ CAN208B Nominal Voltage [V] 518 518 518 518
. Cell UL1642 Voltage Range [V] 420-588 420-5838 420-588 420-588
Certificates
Product TUV (ICE 62619)/ CE ‘ TUV (IEC 62619)/UL1973/CE Dimension[WxHxD, mm] 445 x 122 x 600 455x 110 x 339 455x110 x 587 182x212x 278
Weight [kg] 35 26 a4 14

Compatible Inverter Brands : SMA , SolarEdge (As of 3Q. 201 6, More brands to be added)




