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High voltage, high energy density within light weight

Various Applications as IT, xEV, ESS

Lithium ion Battery

“The current of ESS technology came from Rechargeable battery”
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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

√ 18650 : 292 Wh/L  700Wh/L

$950/kWh  $180/kWh

√ BEV cell: 94Wh/L 320 Wh/L   

>$1,000/kWh   <$200/kWh

√ Materials:

Anode material: >$40/kg  $5~10/kg 

Separator:         >$3.5/m2
 $0.7/m2
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From. LG Chem 2014
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LIB Mass Production Start(1999), No.1 Market Share (2011)

JapanKorea
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Sony LIB re-call
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“No.1 company in the world”“No.1 company in the world”

???
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Size Big

Size small

“IT → EV → ESS”
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EV

EV Charge

Smart Building

Smart Grid

CCS

PV Farm

Nuclear Power

Smart Factory

EV Energy

Wind Turbine
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The New Growth Engine in Korea
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From. Germany Trade & Invest, 

March 2016. 

2011 Tōhoku earthquake and tsunami

The Tokyo Electric Power Company(TEPCO) 

provides approximately 40 GW of electricity, 

announced that it could only provide 

about 30 GW.

Jan. 2001 blackout

https://en.wikipedia.org/wiki/Tokyo_Electric_Power_Company
https://en.wikipedia.org/wiki/Gigawatt
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Potential ESS MarketNation
Initial Market

Peak shift (2012)

Emergency 

Power (2011)

Renewable Energy

TOU, DR

Renewable Energy 

Commercial(Building) → FR, Transmission

→ Public side, Home

Home → Renewable → Transmission

Transmission, TOU → Renewable → Home

Renewable → Home

Peak shift, Emergency, Renewable, Frequency Regulation, 
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‘IEC White Paper on December 2011’

ESS(Electric Energy Storage), EESS(Electric Energy Storage System), BESS(Battery Energy Storage System)
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Pumped hydro

LIB
(Li-Ion Battery)

Lead-Acid

RFB
(Redox-

Flow Battery)

CAES

Fuel Cell

DLC
(Supercapacitor)

Electrical Energy Storage technology in Korea
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Frequency

Regulation

Community

Energy Storage

Residential

Energy Storage

Peak

Shifting

Load

Leveling

∙ Purpose

- Maintain a constant

grid frequency

- Grid stabilized

back-up power

(spinning reserve)

∙ Purpose

- Neighborhood

back-up

- Local peak shifting

- Power quality 

∙ Purpose

- Residential back-up

- PV integration

∙ Purpose

- Alternative to peaking

gas power plant in

urban areas

- Renewable peak

shifting

∙ Purpose

- Energy arbitrage

- Renewable capacity

firming

General application and Use case of EES
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Specification 1MWh Container

LIB system design

Power 1MW

Energy 1MWh

Configuration 256S 18P

Capacity 1,022kWh (1MW)

Voltage 768~1049.6V

❖ Basic component

Cell BMS Module / Tray / Rack

Large LIB cell

High Power/Long life 

Master BMS

Slave BMS 

Modular  Extend Design

Reliability & Robust

Containerization

HVAC

Fire Suppression System

1MWh Lithium Ion Battery System

= Cell + BMS → Module → Tray/Rack → Container
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1MWh Lithium Ion Battery System

= Cell + BMS → Module → Tray/Rack → Container
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1MWh Lithium Ion Battery System

= Cell + BMS → Module → Tray/Rack → Container
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STEP 1 STEP 3 STEP 4STEP 2 STEP 5

K-ESS 2020

(’11.05)

ESSSupply Business

(‘12.07)

ICT + ESS

(’13.08)

New Energy Industry

(‘14.09)

New energy Industry

For COP21

(‘15.11)

Renewable Energy

3020

(’17.12)

Research & Development 

Plan & Business strategy

• ESS R&D Investment

• ESS demonstration

• Infra structure for ESS

• Policy for market   

New Energy Industry

• ESS Service company

• EMS (Energy management system)

• 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

Demand & Supply,  

ICT+ESS 

• ESS Supply business,

create 2G Market (‘20)

• Demand Response 

• Peak Shift

Renewable Energy 

3020
• Self Generator PV in city

• Small PV Power Plant 

• Farm village PV

• Renewable Generation

5.0GW(~’22), 23.8GW(`30)

“New Growth Engine in Korea”
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From. KETEP, ADB-KOREA ESS Workshop ‘18.5



23

From. KETEP, ADB-KOREA ESS Workshop ‘18.5
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From. KETEP, ADB-KOREA ESS Workshop ‘18.5
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구분 2012 2013 2014 2015 2016 2017

Peak reduction 1 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 90.5 171.8 160 432~1,000

2.0
54.8
(56.8)

90.5
(147.3)

171.8
(319.1) 160 

(479.1)

432~1,000
(911~1,479)

Capacity [MWh]

ESS Installation in Korea
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Year 2012 2013 2014 2015 2016 2017 2018

Total 2 54.8 90.5 171.8 160 432 ??

2
54.8

90.5

171.8 160

[MWh]

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)

Public Building ’17~

PV +ESS REC+ ’17 ~

ESS Emergency Power 

~1,400

From Subsidies, Incentive program to Regulation

432~1,000
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1. ESS Subsides Program ‘13 ~ ’16 (Smart Grid, Korea Energy Agency)  

6,229 
6,344 

5,532 

5,122 

4,825 

5,402 

5,135 

 4,500

 5,000

 5,500

 6,000

 6,500

적용전
적용후

1) Application : Peak Cut during Peek hours   

Summer 12:00~14:00 

Winter 9:00~11:00 and 15:00~17:00

* Performance : 2hours Charge 

2) Subside : 75% for Total installation (US$ 13.6 millions)

3) Benefit : Peek tariff save

4) Social Benefit 

’12,  US$ 1,500,000/1MWh  ’14. US$1,000,000/1MWh

Energy Hybrid & Complex  Subsides Program ‘16 ~ (Korea Energy Agency)  
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1. ESS Subsides Program ‘13 ~ ’16 (Smart Grid, Korea Energy Agency)  

Energy Hybrid & Complex  Subsides Program ‘16 ~ (Korea Energy Agency)  

KMW(‘15) Peak save,  

Lead-Acid

500kW(1.0MWh) Peak control

Save $ 45,000/year

더

Dezon(‘13) Data Center,

LIB 500kW

(1.7MWh) Peak Control

Save $ 40,000/year
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2. Renewable + ESS Subsides Program ‘13 ~  (Korea Energy Agency)

1) Application : Renewable Energy + ESS for islands Power System

2) Subside : 50% for ESS Total installation

3) Benefit : Power generation cost reduction US$ 0.36/kW →US$0.3/kW 

4) Social Benefit :  ’12,  US$ 150,000,000 will be down around 10~20% in Short period 

Island Power System

Hybrid Power System
100% Renewable system
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2. Renewable + ESS Subsides Program ‘13 ~  (Korea Energy Agency)
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3. Frequency Regulation Program ‘14 ~’17  (KEPCO)

1) Application : Frequency Regulation 

2) No Incentive or Subside which is economically possible applications for ESS

3) Benefit : To reduction compensation cost of 5% standby power from Coal fired Power plant  

4) Social Benefit : Power from Coal fired US$ 50,000,000 or US$ 150,000,000 from LNG  
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3. Frequency Regulation Program ‘14 ~’17  (KEPCO)
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4. Renewable Energy + ESS,  Additional REC ‘15 ~  (Korea Energy Agency)

1) Application : Renewable Energy + ESS of Additional REC(Renewable Energy Certificate)

Wind Turbine : 5.5(‘15), 5.0(‘16) ~ 4.0(‘20)

PV : 5.0(‘16) ~                             ~  4.0(‘20)

2) Incentive : SMP + REC(1.0~5.5)  

3) Benefit :    To increase power quality from W.T  

To increase using efficiency for grid connection line with PV   

4) Social Benefit : To reduction construction & upgrade cost of  grid connection system
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PV+ESS REC
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5. Emergency Power from ESS  ‘16~ (Korea Energy Agency)

1) Application : Emergency Power for Fire suppression equipment and left

2) Incentive : 50% for ESS installation Cost

3) Benefit : Replace Diesel Generator

4) Social Benefit : Reduction CO2 for pre-operation about 30 mins per month
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5. Emergency Power from ESS  ‘16~ (Korea Energy Agency)

70% ~ 80%

30% ~ 20%

Peak, 
Demand Response, 

Etc

Emergency
Power

< 1 time/year  
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6. Special Discount for Charge tariff ‘16~ (Korea Energy Agency)

Peak reduction

Special Tariff ESS

Peak Power

14,000
kW

13,500
kW

13,000
kW

148.9

96.4

58.4

Middle
(8:00)

Low
(23:00~9:00)

Peak
(6:00)

Korea Won/kW

Charge DisCharge

Basic rate save Use Capacity save

1) ESS charge tariff discount about 50% during night time
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7. ESS installation in Public Building ‘17~ (Korea Energy Agency)

Type ESS Capacity Contract Power (kW) Peak Power (kW)

A 500 kW 5,000 ∼ 10,000 1,000 ∼ 5,000

B 1 MW 10,000 ∼ 20,000 5,000 ∼ 10,000

C 2 MW 20,000 ∼ 50,000 10,000 ∼ 20,000

D 5 MW 50,000 ∼ 20,000 ∼

Guide line of ESS Capacity for Public building 

1) 5% ESS capacity for Contract Electricity Capacity until ~ 2020

Contract Capacity(KW) Date

Over 10,000 ~ 2017.12.31

5,000~10,000 ~ 2018.12.31

2,000~5,000 ~ 2019.12.31

1,000~2,000 ~ 2020.12.31
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Renewable Energy 3020
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Renewable Energy 3020
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Micro-gird for Island

STEP 1

Diesel Gen.

STEP 2

Hybrid System

STEP 3

Renewable Energy

Diesel Gen. 100% 

Diesel Gen. + PV + ESS + EMS

PV + ESS + EMS
Diesel Gen.

100% PV

Diesel Gen.

EMS

PV EMS

Operator

IOT

Operator



Micro-gird for Island

Generation

& Supply

Demand &

Response

Smart Grid

(Micro Grid)

Monitoring

STEP 2

STEP 3

Carbon free island

EMI controlled PV, ESS using EMI

Reduce maintenance & management 

cost

No fuel, No transportation, No noise, 

PV+EMI

Monitoring electricity consumption and 

generation 

Make a generation scenario related with 

consumption date from EMI

Diesel Power Generation

Higher Reserve power around 70%

No monitoring for electricity consumption part 

such as reception, restaurant, water villa, 

sport center, fitness center and etc.

PV+ESS+EMI

STEP 1
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DR market

1.9MW

1.6MW

ESS & EMS Clean Energy Town

15~20 Town

10 Town

Carbon Free island
9 islands

Hot waste Water

Electric Vehicle PV rental Zero Energy Build.

Tower  3~5

Small 5
22,500 House

5,000 House




