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1. Overview of Storage Battery
 Necessity

 Types and Characteristics

2. Experiences in Japan
 Development and installation of NAS battery by TEPCO 

with the viewpoint of user and grid operator

 Pre-existing use cases

3. Future Utilization in Japan
 Expectation as a countermeasure to integrate a huge 

amount of renewable energy

 Current activities for future use case

Summary



Copyright 2011 The Tokyo Electric Power Co., Inc. All rights reserved.
3

Necessity of Storage Battery (1)

1. Load Leveling

 Demand Side: Reduce contract power and make use of inexpensive night 

time power supply. 

 Supply Side: Efficient use of facilities and investment suppression on 

power system network.
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Circuit Breaker
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Necessity of Storage Battery (2)

2. Reliability & Power Quality Improvement

 Power supply on outage

 Save critical load from voltage sag

1. Overview
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Necessity of Storage Battery (3)

3. Support for Integration of Renewable Energy Generation

 Absorb surplus power during light demand period

 Firm output from renewable energy generation

 Provide frequency control capability

1 hour

Power demand

Limit of Generators’ control

Increase of intermittent

renewable 

Image of insufficient frequency control capability

1. Overview

Power demand 

plus renewable 

output
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From the viewpoint of user and grid operator, TEPCO joined the 

development of NAS (Sodium Sulfur) battery which has several advantages;
 High energy density = more compact and light weight

 Fewer accessories = maintenance saving and fewer troubles

 No self-discharge = high efficiency realized by fewer loss of charged energy

Types and Characteristics of Storage Batteries

Types NAS Redox Flow Zn-Br Lead-Acid

Active Material Na, S V2+, V5+ Zn, Br PbO2, Pb

Electrolyte Beta-alumina Vanadium suffate ZnBr Sulfuric acid

Energy Density 786 Wh/kg 100 Wh/kg 428 Wh/kg 167 Wh/kg

EMF 2.1V 1.4V 1.8V 2.1V

Operation Temperature
Around 300

degrees Celsius
Ambient Ambient Ambient

Accessory Heater
Circulating Pump 

Chiller

Circulating Pump 

Chiller
None

Characteristics

• High energy density

• No self-discharge

• Fewer accessories

• Easy enlargement

• Simple structure

• Easy mass 

production

• Matured technology

1. Overview
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1960 1970 1980 1990 2000

Electric Car Use (1971-1976)

Power Storage Use (NEDO*)  

Japan National Project

Beta-Alumina

Cell Development

System Development

April 2002 TEPCO & NGK Launch Commercialization

(1980-1990)

1984 -TEPCO & NGK Joint Development

Field Test (about 30MW)

*NEDO = New Energy and Industrial Technology Development Organization

TEPCO: User & Grid Operator

NGK: Manufacturer

FORD MOTOR Advanced the NAS-Principle (1967)

History of NAS battery development
2. Experiences
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 In our installation and operation experiences, some lessons accumulated from 

studies and troubles were reflected in further development and improvement.

Ex1: Grid connection

Voltage fluctuation, Harmonics, Load following

Coordination with generators  .etc

Ex2: Operation

Influence on deterioration

Control and protection scheme under cells failure

Control avoiding depletion  .etc

Ex3: Performance evaluation

Evaluation of aged batteries  .etc

Ex4: Safety evaluation

Evaluation method and deregulation  .etc

NAS battery is forced to continue start 
& shut-down due to load variability

after adjustments

Ex. Connection with variable load

Supply from Grid (green)

Load (red)

NAS output (blue)

Supply from Grid (green)

Load (red)

NAS output (blue)

2. Experiences

Development from the Viewpoint of User and Grid Operator
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Installation (Sites and Capacity) Use cases (by capacity)

 Since TEPCO launched commercialization in 2002, we have been supporting installation 

by customers (lease from TEPCO) by providing know how from user’s point of view.

We offer one-stop service for customers; marketing & sales, system design (grid 

connection and operational pattern setting .etc), installation, and monitoring & maintenance.

 Installation data: 99 sites (96 at customer, 3 at S/S), 185MW

Installation Experiences
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Sites
Capacity

2002 2003 2004 2005 2006 2007 2008

NASシステム　導入状況比率

65%

11%

23%

1%

ＬＬ

ＥＰＳ

ＳＰＳ

ＵＰＳ負荷平準化(ＬＬ)専用
ＬＬ＋非常用

ＬＬ＋瞬低対策

load leveling (LL)
LL + reliability

LL + power quality

LL + UPS

2. Experiences
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Total charging & discharging results by all NAS batteries inside TEPCO’s 

service area in 2009

 Contribution to peak shift by discharging nearly at their full power during summer peak 

hours (13 o’clock to 16 o’clock).

 Around 73% of annual capacity factor.

 The amount of annual discharged energy is much the same as that of 600MW pumped 

storage hydro power.

Operation

in 30th July, 2009

[kW]

discharging

charging

Use Case 1: Load Leveling
2. Experiences



Copyright 2011 The Tokyo Electric Power Co., Inc. All rights reserved.
11

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

-0 .0 9 -0 .0 8 -0 .0 7 -0 .0 6 -0 .0 5 -0 .0 4 -0 .0 3 -0 .0 2 -0 .0 1 0 0 .0 1 0 .0 2 0 .0 3 0 .0 4 0 .0 5 0 .0 6 0 .0 7 0 .0 8 0 .0 9 0 .1 0 .1 1 0 .1 2 0 .1 3 0 .1 4

0

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0

7 0 0 0

8 0 0 0

9 0 0 0

1 0 0 0 0

- 0 .0 0 1 0 0 .0 0 1 0 .0 0 2 0 .0 0 3 0 .0 0 4 0 .0 0 5

-15000

-10000

-5000

0

5000

10000

15000

-0 .0 9 -0 .0 8 -0 .0 7 -0 .0 6 -0 .0 5 -0 .0 4 -0 .0 3 -0 .0 2 -0 .0 1 0 0 .0 1 0 .0 2 0 .0 3 0 .0 4 0 .0 5 0 .0 6 0 .0 7 0 .0 8 0 .0 9 0 .1 0 .1 1 0 .1 2 0 .1 3 0 .1 4

重要負荷電圧（実効値）

一般負荷系統電圧（実効値）

経過時間（秒）

　電
　圧
 （Ｖ）

　電
　圧
 （Ｖ）

切替時間：４．６ｍｓ

系統事故発生

経過時間（秒）

遮断時間：１．６ｍｓ4.6ms

切替時の拡大波形

80%V

1.6ms

6000

8000

10000

4000

2000

0

0.001 0.002 0.003 0.004 0.0050-0.001

6000

4000

2000

0

8000

10000

一般負荷系統電圧（瞬時値）

重要負荷電圧（瞬時値）

-15000

-10000

-5000

0

5000

10000

15000

図１０　瞬低動作波形例
0

2

4

6

8

10

12

０～１ １～２ ２～３ ３～４ ４～５ ５～６ ６～７

0

2

4

6

8

10

12

14

16

18

1 2 3 4 5 6 7 8 9 10１０％
 以下

１０～
　２０％

２０～
　３０％

３０～
　４０％

４０～
　５０％

５０～
　６０％

６０～
　７０％

７０～
　８０％

８０～
　９０％

９０～
　１００％

動
作
回
数

電圧低下率（％）

（１６回）

（９回）

（１０回）

（５回）

（２回）

ｎ＝４４

１ｍｓ
 以下

１～
　２ｍｓ

２～
　３ｍｓ

３～
　４ｍｓ

４～
　５ｍｓ

５～
　６ｍｓ

６ｍｓ
超過

動
作
回
数

（１１回）

（７回）

（３回）

（５回）

（２回）

（０回）

ｎ＝２８

（系統電圧低下率が２０％以上のケース）

切替時間（ｍｓ）

（０回）

（０回）（０回）（０回）

平均：２．８ｍｓ　（最小　１．３ｍｓ　最大　５．９ｍｓ）

（１回） （１回）

平均：３１％低下　（最小　１１％　最大　１００％）

（３７％）

（２０％）

（２３％）

（１１％）

（２％） （２％）

（５％）

（３９％）

（２５％）

（１１％）

（１８％）

（７％）

図８　瞬低動作時の系統電圧低下率

図９　瞬低切替時間
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Use Case 2: Power Quality

Annual operational number (2002 to 2008)

Operational experiences of saving critical load from voltage sag

 Located at 12 sites and operated 342 times by September 2009.

 Operation is caused mainly in summer due to lightning, and finished within several mili-

seconds. 

 Highly evaluated by manufactures of semi-conductor and liquid crystal display, etc.

operational number per site

total operational number

Voltage at critical load

Voltage at grid side

Voltage at critical load

Voltage at grid side

Voltage sag

Time [s]

2. Experiences
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Field test of wind generation output firming with NAS 

battery (from Aug 2000 to Feb 2002)

 Implemented by TEPCO with finance by NEDO

Successfully firmed intermittent output

Aomori: Wind (51MW) + NAS (34MW), launched in 2008

Hokkaido: Solar (4MW) + NAS (1.5MW),  launched in 2009

500kW Wind Generation

400kW NAS Battery

Implemented in Hachijo-Island

Wind generation output Total

NAS Battery output

Time [s]

O
u
tp

u
t 

[k
W

]

Next phase

2. Experiences

Use Case 3: Renewable Energy Output Firming
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＜出所＞総合資源エネルギー調査会
新エネルギー部会（H21.8.25）
資料を加筆修正

53GW (2030)

7 million kl (28GW)

3.5 million kl (14GW)

Residential: About 

5.3 million houses

20 times the 2005 level

Requiring engineering 

development for grid 

improvement

Working out a new 

purchase system

10 times the 2005 level

Residential: 80%

Non-residential: 20%

Residential: 70%

Non-residential: 30%

Starting subsidies for 

residential solar power 

systemsNon-residential: 20%

Residential: 80%

Residential: About 

320,000 houses

0.35 million kl (1.4GW)

Accelerated by 

3 to 4 years

 Promoting R&D so that 

power system network can  

integrate a huge amount of 

PV (mainly residential).

28GW by 2020, 20 times 

larger than in 2005

53GW by 2030, 40 times 

larger than in 2005

 Three issues to be solved.

1.Voltage rise in distribution 

network

2.Surplus power

3.Frequency fluctuation

 In Japan storage battery is 

expected to solve the 2nd 

and 3rd issue mentioned 

above.

3. Future Utilization

Renewable Energy Installation Target in Japan
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Pre-existing and future use-cases can be classified in terms of 

functions.

Load Leveling (LL)
Setting of charging & discharging pattern

Load following, Charging & discharging limiting

Emergency Power

Supply Control (EPS)

Manual operation

Automatic operation

Autonomous Grid 

Conscious Control (AGCC)

Firming output from intermittent RE

Fault Ride Through [FRT]

Emergency Power Pre Setter [EPPS]

Autonomous frequency control (utilizing signals from its bus-bar)

Autonomous voltage control (same as above)

Central Grid

Conscious Control (CGCC)

Central frequency control (controlled by dispatching center)

Scheduled operation (same as above)

Central voltage control (linked with Distribution Automation 

System .etc)

Associated with pre-existing use-cases Associated with future use-cases

3. Future Utilization

Definition of Storage Battery Functions
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Goal: System that enables grid operator to utilize batteries simply 

and efficiently, plus enables battery manufacturers to sell batteries 

easily.
Grid operator and battery manufacturers join development and demonstration cooperatively.

Distributed batteries can be dealt with like a virtual large capacity battery by being assembled.

 It enables grid operators to utilize batteries comprehensively with different specifications provided 

by different manufacturers.

control center

(grid control)

customer side

Advantages of comprehensive 

battery control

Grid operator: optimum 

operation for grid control

Both: step by step scale-up of 

capacitySCADA for 

batteries

Advantages of virtual large capacity 

battery

Grid operator: easier utilization

Manufacturer: value-up of small 

capacity batteries

utility side

Current Activities for Future Use Case
(1) Development and Demonstration of Integrated Control System

utility side

Packaged 

development of 

Battery and Control 

System

information 

collection and 

distribution

3. Future Utilization
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 Value-up of batteries by adding autonomous frequency control function 

compatible with load leveling.

Field tests will be implemented utilizing pre-existing NAS batteries installed for load 

leveling.

System that can be adopted to other types of batteries than NAS as well.

Utility

scale

Demand

side

Grid

Control Center

Grid Control

SCADA for Batteries

Information collection

and distribution 

Control of Storage 

Battery

Autonomous Grid 

Conscious Control of 

Existing Batteries

Current Activities for Future Use Case
(2) Development and Demonstration of Autonomous Frequency Control

3. Future Utilization
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