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1. Introduction of Energy Storage System
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Lithium ion Battery

O High voltage, high energy density within light weight

’ Various Applications as IT, XEV, ESS ﬁ 300Wh/kg ’

mzr]  Supercapacitor ’
30Wh/kg
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1. Introduction of Energy Storage System

“IT - EV — ESS”
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1. Introduction of Energy Storage System

‘IEC White Paper on December 2011’
ESS(Electric Energy Storage), EESS(Electric Energy Storage System), BESS(Battery Energy Storage System)
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1. Introduction of Energy Storage System

Electrical Energy Storage technology in Korea
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1. Introduction of Energy Storage System

1MWh Lithium lon Battery System
= Cell + BMS — Module — Tray/Rack — Container

Specification 1MWh Container
Power 1MW
Energy 1MWh
LIB system design Configuration 256S 18P
Capacity 1,022kWh (1MW)
Voltage 768~1049.6V

++ Basic component

Module / Tray / Rack

@ LargelLIB cell @ Master BMS () Modular Extend Design
g High Power/Long life g Slave BMS @ Reliability & Robust g Fire Suppression System
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1. Introduction of Energy Storage System

BESS = Lithium lon Battery + PCS + EMS, Value added by EMS

Grid Storage Solution

Energy Management System Grid Battery System (GBS) Power Conversion System

] Battery Rack

Temporary Building Type
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1. Introduction of Energy Storage System

General application and Use case of EES

Frequency
Regulation

Total Load and
Load Following

- Purpose

- Maintain a constant
grid frequency

- Grid stabilized
back-up power
(spinning reserve)
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Energy Storage

Community
Energy Storage
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- Purpose - Purpose
- Neighborhood - Residential back-up
back-up

- PV integration
- Local peak shifting

- Power quality

Peak
Shifting

PV Production = w = Household consumplion e e e

- Purpose

- Alternative to peaking
gas power plant in
urban areas

- Renewable peak
shifting

Load
Leveling

Energy supply
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- Purpose

- Energy arbitrage

- Renewable capacity
firming
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1. Introduction of Energy Storage System

Energy Storage in Grid

[Present/ Futqre] 7

Transforming Station

Generation

Peak Shift
Re start

Generation
. - :

Transformation | | : o
. @ Freauency Regulation e o A (5 ) Renewable Energy
| T oy e, ¢ 45 (= —_S B e _ |

& . )
@' Telecommunication
Micro-Grid

INET W %W R RN

Sub-Power

T oT e c

Short Peak Shift

' T

.

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

Micro grid Q

| LSy S 3 S -
Q _______

it 10

Home & Communities

i_G Korea Battery Battery R&D
Industry Association ‘ Association of Korea
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2. Technology of Energy Storage System

UPS T&D Grid Support Bulk Power Mgt
Power Quality Load Shifting Pumped
Hydro |

Flow Batteries: Zn-Cl Zn-Air Zn-Br
VRB PSB New Chemistries

NaS Battery
ey Advanced Lead-Acid Battery
Supercapacitors NaNiCl, Battery

Hours

Li-lon Battery
Lead-Acid Battery

Minutes

High-Power Flywheels

High-Power Supercapacitors m

1kW  10kw 100 kW 1MW 10 MW 100 MW 1 GW
System Power Ratings, Module Size

Discharge Time at Rated Power

Seconds

From. EPRI UPS T&D Grid Supporting
Power Quality Load Shifting

5
5 T Flow Battery
= Zn-Cl, Zn-Br, V
& Battery
E Advanced Lead Acid Battery
=2 .
= Supercapacitor
@
E 3
° 'é Lead Acid Battery
2 =
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=
g Flywheel
S ee
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S
§ Supercapacitor (Power)
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System Power Ratings, Module size
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2. Technology of Energy Storage System

Figure

Vattenfa

2-2 — Pumped Hydro Storage
ll, IEC MSB/EES Workshop, 2011

L

o
|—— Sink/Source ——=—y

Pump

Pump

Figure 2-7 — Schematic of a Vanadium Redox Flow Battery

(Fraunhofer ISE)
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Figure 2-3 — Underground CAES

Battery Cell
- +
i. Gas Tight Seal
(1CB - thermal
Compression bonding)
Insulator

(alpha-Alumina)

Sodium

Safety Tube

Sodium
Na Beta-Alumina
| sultur Electrode
Sulfur -
S _ Sulfur Housing M
(with corrosion pole  Main
protection layer) pole
Beta
Alumina tube

Figure 2-6 — NaS Battery: Cell design and 50 kW module
(NGK, IEC MSB/EES Workshop 2011)

Fuel (Natural Gas)

Thermal enclosure

Thermal enclosure

Field Replaceable

Bearing Cartridge e

Magnetic Bearing
Integrated into
Field Circuit

Air-Gap Armature

Smooth Back-Iron,
No Slots & Low Loss

5

Field Coil

Flywheel
Motor/Generator
Rotor

No Permanent
Magnets Enables
High Tip-Speed and
High Output

Power

Figure 2-4 - Flywheel energy storage
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Figure 2-5 — Typical Li-ion prismatic csll design and battery modules
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2. Technology of Energy Storage System
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2. Technology of Energy Storage System

Lead Acid

Sealed > AGM - PbC, Ultra-battery

Lead-Acid batteries consist of two electrodes: Le
ad and lead-dioxide immersed in sulfuric acid.

Lead Acid ﬂ;.'lﬁ.?ﬂ!t

A g_l 0 Shin-Kobe Electric Machinery Co, Ltd. —

BATTERIES

@ EXIDE (o)ccout.
(’;\EASIP ENN AXION- SR POWER®

INTERNATIONAL INC

Saldds

BATTERY ENGINEERING

R

SYSTEMS

energypower Loy

Solutions™
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2. Technology of Energy Storage System

Sodium based battery - NAS

Sodium-sulfur (NaS) batteries use molten sodiu
m and sulfur electrodes separated by a ceramic
electrolyte

Sodlum Based

- d e 1
! 1 1
{ 1 {
@ . ' ‘xm'Energ.y
NGK

) AQUION %=,
SHARP EI"?ERGY . i i

Cycle Life | Energy Efficiency
(%)

Market leader 4000 70

Dry Sand Heal Insulated
Electric Heater | Fuse Container (Upper)
. |

Main Pole

Heat Insulated Container
Cell {Lower)

. A

NG’ +2¢
Ds

Best in class 6000 85
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2. Technology of Energy Storage System

Li-ion Battery Technology Lithium Cell Structure

Cathode m Cathode
« Positive electrode

Li-ion battery uses graphite as the anode materi
al and LiFePO, or LiCoO, or Lithium titanate or |
ithium nickel manganese cobaltate as the catho
de.

® Anode
+ Negative electrode

m Separator
m Electrolyte
m Can and terminals

M..'.w...J T4 m Safety vents

Conter pin  S¥hoce Mea wad

@ Cycle Life Energy Efficiency
(%)
a AES H|TACH| MITSUBISHI LG Chem o

Energy Storage Market leader 2000

Panasonlc . . Best in class 10,000+ 95

Li-lon Batteries

C-electrovaya w

<Saltairnano microvast¥

W @ TOSHIBA Ea—
»
ATL NEC Kokam

LG Chem
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2. Technology of Energy Storage System

8~16 KWh
0.5 kWh 1.5 KWh . .
Battery 0 0 o
Battery gof, 0% 50%
ICE  Micro/MildHEV  FullHEV  Plug-In HEV
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2. Technology of Energy S
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2. Technology of Energy Storage System

1,300mAh(1997) — 3,200mAh(2014) — 3,500mAh(2016)

. Cell capacity of 18650 cylindrical cell was 1,300mAh
‘ “Theoretical limit would be 1800mAh” by a Japanese expert (1997)

\' 3,200mAh (2014, without changing chemistry)

- Energy density & Cost: 1997 vs. 2014

A
(US$/Wh1 i i i i i
\ 18650 : 292 Wh/L = 700Wh/L e R e
$950/kWh = $180/kWh 0 | @
PR L U U JU U S -
' 18650 cell

\ BEV cell: 94Wh/L~ 320 Wh/L
>$1,000/kWh > <$200/kWh

\ Materials:
Anode material: >$40/kg = $5~10/kg

Separator: >$3.5/m?-> $0.7/m?

{,GIA Korea Battery
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2. Technology of Energy Storage System

Flow Battery Technology

Flow batteries use liquid electrolytes with fixed cells to store and regenerate power. Various flow battery chemistries exis
t such as vanadium redox, zinc-bromine, iron - chromium etc.

FIOW Batteries "B Premium Power
2 United
IMERGY [ Technologies G/-DEMEISTER

POWER SYSTEMS

. PRIMUS € SUMITOMO
G\ ZBB=zz, © POWER  ELECTRE

U=To..EnerVault
H ' Bl 4 ffi BE AW VANADIS POWER
LR r—

RONGKE POWER ™ REDT

redfiow (€2, Prudent Energy

Cycle Life Energy Efficiency (%)

Market leader 5000 60

Best in class 10,000+ 70
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2. Technology of Energy Storage System

LiB (NaiB)— Li/S Battery — Li/Air

th-:Nio.st.&Qz
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3. Demonstration of Energy Storage System




3. Demonstration of Energy Storage System

“New Growth Engine in Korea”

STEP 1

I I K-ESS 2020
(11.05)

STEP 2

> ESS Supply Business

(12.07)

STEP 3

ICT + ESS
(13.08)

STEP 4

) New energy Industry

(14.09,15.11)

STEP 5

3020
(17.12)

} ) Renewable Energy

Research & Development
Plan & Businessstrategy

* ESS R&D Investment
» ESS demonstration
* Infra structure for ESS

* Policy for market

Demand & Supply,
ESS industry promote

* ESS Supply business,

create 2G Market (‘20)

 Construct Infra Structure
e Tax cut

ICT+ESS, Demand &
Response business

* ESS Service company

* EMS (Energy managementsystem)
* FR(Frequency Regulation)
* DR market

New Energy Industry

* DR business, NegaWatt

» ESS-EMS business model
« Stand alone (Micro-Grid)

* PV Rental

* EV charge service provider
* Zero house, Clean energy
town

 Smart Grid Business

Renewable Energy

3020
* Self Generator PV in city
* Small PV Power Plant
* Farm village PV
* Renewable Generation
5.0GW(~'22), 23.8GW(30)

Korea Battery

=<3
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3. Demonstration of Energy Storage System

ESS Installation in Korea

171.8
(319.1) 160
(479.1)
90.5
(147.3)
54.8
(56.8)

8 cninn  aim D
2012 E 2014 2015 2016 2017

Peak reduction 13.9 63.2 26.7 20.1 192
Frequency Regulation 19.0 46.0 35.0 12
Wind 95.8 90.4 90
PV 102
Distribution 10.0 35
R&D 8.3 6.5 4.5
Island Micro grid 3.9 1.8 3.3
Public Building
Self Generation 1 28.7
Total 2.0 54.8 90.5 171.8 160 432
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3. Demonstration of Energy Storage System

3
171.8
. 54.8
O
oy om AR

2012 2013 2014 2015 2016 2017 2018

Total 54.8 90.5 171.8 160

ESS Subsides Program ‘13 ~’17 (Smart Grid, Korea Energy Agency)
Renewable energy + ESS (Korea Energy Agency)
Frequency Regulation ESS ‘14~ (KEPCO)
Wind Turbine with ESS(REC +) ‘15~ (Korea Energy Agency)
Transformation ESS 16~ (KEPCO)
New Energy industry for Province (KEA)

ESS Emergency Power

||~ From Subsidies, Incentive program to Regulation

i_G Korea Battery H@m A Battery R&D




3. Demonstration of Energy Storage System

1) Peak Shaving and Carbon Free Island

ESS Supply Business Carbon Free Island

Dezon(‘13) Data Center, KMW(‘15) Peak save,
LIB 500kW Lead-Acid Gasaisland (’14) Carbon Free Island
(1.7MWh) Peak Control 500kW/(1.0MWh) Peak control 1MW, 250kW (3MWh) ’14.10~°15.3 commercial operating
Save $ 40,000/year Save $ 45,000/year Fuel cost $0.128 Mil Save, 80% |

i_G Korea Battery Battery R&D
]ndustry Association Association of Korea



3. Demonstration of Energy Storage System

2) Frequency regulation

InstallationtSites

Site #1 Site #2
AL Seo-Anseong S/S Shin-Yongin S/S VEE
Installed Capacity (MW) 28(10MWh) 24(18MWh) 52(28MWh)
. : PCS:2 PCS:2
Participating Companies Battery : 2 Battery : 1 7

%‘G Korea Battery }@mA Battery R&D
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3. Demonstration of Energy Storage System

3) Renewable Energy with ESS

( Goal ) Load leveling, Stabilization with Renewable Energy

C Scale ) 4MW/8MWh L.i-ion Battery

C Site ) Jeju 154kV Jocheon Substation

Substation
—5 1 22.9kV Bus

PMS | Operation System
T

—-1
1

—

MarineD/L
(Wind Power)

B r *PMS: Power Management System
atte y *PCS : Power Conditioning System
*BMS: Battery Management System

J \ 7
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3. Demonstration of Energy Storage System

3) Renewable Energy with ESS

1MWh LIB
(40’ Container)

1MWh LIB
(40’ Container)

2MW PCS Substation
(20’ Container)

1MWh LIB
(40’ Container)

1MWh LIB
(40’ Container)

* HVAC (Heating, Ventilating, Air Conditioning system) Power Rack (56.8kwWh)

i_G Korea Battery Battery R&D
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3. Demonstration of Energy Storage System

4) Island Micro-Grid or Carbon Free Island

( Goal ) Renewable(PV, Wind) Energy with ESS Self Generation

( Scale ) 1MWh L.i-ion Battery

( Site ) Gapa island in Jeju

{,GIA Korea Battery mmA Battery R&D
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3. Demonstration of Energy Storage System

4) Island Micro-Grid or Carbon Free Island

Gapa Island Gasa Island
poﬁ{ﬁjt/ion 0.85km2/ 281  0.85km2/ 281
Customers 193 168
Configuration ~WT+PV+ESS+AMI WT+PV+ESS
Main Car?:lgnlzjree Carbon Free
Characteristics Island
(Korea’s First)
Status Operating Operating

{_GIA Korea Battery
Industry Association

Deokjeok Island
22.97km?/ 1919

1,000

WT+ PV+ ESS +
EMS+ Geotherm

Ecology Energy
Independent
Island(Stilization,
Optimization)

Project Started

72.9km?/ 10,673

7:932

WT + PV+ Hydro +
Geotherm + ESS
+ EMS

Green Energy
Independence
Island

Planning
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3. Demonstration of Energy Storage System

5) Emergency Power ESS

Factory
Building

mergency

i.GIA Korea Battery Battery R&D
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3. Demonstration of Energy Storage System

5) Emergency Power ESS

Factory
Building

<A

-
CECRE
T — —

i |

i

SOC 30%
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3. Demonstration of Energy Storage System

6) UEPS(Uninterrupted Energy Power System)

- 500kVA UPS
LD S

Building Monitoring Platform

Footprint
80%

BY-Pass OUTPUT

Weight
80% ~ 90% v

Transformer Transformer

Maintenance
Cost 70%

Cycle Life
4 times N
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4. Prospect of Futures




4. Prospect of Futures

Smart
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4. Prospect of Futures

Li Battery

Safety Test

Energy
Efficiency

2

IEC 62620

Korea Battery
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IEC 62620

IEC 62619

Life time

=

Reliability

4

il 9

IEC 62675

Redox Flow Battery

Pump

Load

Cell collector
frame

Flow frame

= 21/819/NP
- Flow batteries-General requirement and

test method of vanadium flow batteries

.......
:

@ |

= 21/823/NP

- Flow Battery Technology-Safety

_—

F
| |
= 21/829/NP
- Flow batteries-Guidance on the

Specification, Installation

—
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