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I. What’s Smart Meter in Japan?
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Smart Grid and Smart Meter

 Overview of Smart Meter on Smart Grid
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Introduction of Smart Meter

Home and Building
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Japan
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distributed power sources
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Regional energy network

Nuclear power generation

Solar energy

Local area

Energy supply

Regional energy management

Energy information network
Smart house

Smart building

Smart store

Smart school

Energy control center

Smart parking

Co-generation

Heat and hydrogen network

Next generation SS

Source: METI

Notes
HEMS: Home Energy Management System
BEMS: Building Energy Management System  
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Need for Smart Meter on Smart Grid

 Digital type meter
Semi-automated digital measurement and meter reading of 
power data

＝Manual intervention in meter reading

 Smart Meter
Two-way communication in addition to the functions of in addition to the functions of digital
type meter

→ ･ No manual intervention in meter reading
･ Automatically measurement
･ Possible to measure and transmit data every short time 

 A key component of Smart Grid

Source: METI
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Evolution of watt-hour meter in Japan

Analog type meter
Mechanical  measurement 

(read by person)

Every 1 month

Digital type meter
Electronic measurement 

(Through person)

Every 1 month

One-way communication

Smart meter
Electronic measurement 

(read by equipment)

Every 30 minutes, etc.

Two-way communication

1952  ・・・・・・・・・・ 1990     ・・・・・・・・ The present 
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 Introduction expansion of renewable energy such as large
amounts of interconnections with solar power generation system

↓

 Occurrence of bad influence on the system stability, etc.
 Occurrence of surplus power
↓

 Means for two-way communications of control information in 
power system

★ Introduction of Smart Meter 

Introduction background of Smart Meter

 Japan

Source: METI
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 Power supply crunch after great earthquake disaster in eastern 
Japan on March 11, 2011
↓

 Heightened awareness of energy saving on customer side 
 Power system reform
↓

 Demand response

★ Introduction of Smart Meter 

Introduction background of Smart Meter

 Japan

Source: METI
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Concept of Smart Meter

 Smart Meter in the narrow sense

 Smart Meter in the broad sense

Meter with minimum functions of remote automatic meter reading, remote 
opening and closing, collection and transmission of measurement data

Smart Meter in the narrow sense
Remote automatic meter reading(Interval 

metering), 
Remote opening and closing,
Collection and transmission of measurement data

+ Equipment in the home such as HEMS having    
communication functions
Realization of visualization and energy management     
function including communication network

Smart Meter in the broad sense (AMI: Advanced Metering Infrastructure)

AMI≒

Source: METI

Meter with visualization of the information such as energy consumption for 
energy saving and energy management function, to introduce renewable 
energy such as large amounts of interconnections with solar power generation 
system and build a flexible system for electricity charges such as time of use in 
the future, in addition to functions of meter in the narrow sense
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Difference between AMR,AMM,SM,or AMI 

 AMR： Automated Meter Reading
Remote meter reading by one-way communication

 AMM： Automated Meter Management
Remote opening and closing  Two-way communication,

in addition to the functions of AMR

 Smart Meter
Interval metering and information･data storage,

in addition to the functions of AMR and AMM

 AMI： Advanced Metering Infrastructure
Whole system of information collection and management, 

including communication from power company side and 
communication network such as HAN*,
in addition to the functions of SM

Source: METI

* HAN: Home Area Network
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Functions of  Smart Meter required in Japan

 Time axis of meter introduction
Technological development cycle of meter, etc.

 Overseas cases
Introduction of meter in Europe: Emphasis on functions such as 
remote meter reading by two-way communication

 Present situation in Japan
Increase in costs (cost-benefit), Needs of customer-side for 

apparatus control, Introduction amount of solar power generation, 
etc.

★ Smart Meter in the narrow sense

 Functions of  Smart Meter required at present

Source: METI
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Extensibility of Smart Meter function

 Deployment to Smart Meter in the broad sense

 Communication functions: Ensuring extensibility
of information network

Smart Meter in the narrow sense
Remote automatic meter reading(Interval 

metering), 
Remote opening and closing,
Collection and transmission of measurement data

+ Equipment in the home such as HEMS having    
communication functions
Realization of visualization and energy management     
function including communication network

Smart Meter in the broad sense (AMI: Advanced Metering Infrastructure)

Smart Meter aiming to spread in 2020 based on the Energy Basic Plan

Consideration again in the future based on need such as apparatus control
of customer’s side and HEMS

 An increase in the number of Smart Meter
 An increase in the number of communication amount and measuring 

time of  Smart Meter itself

≒

Source: METI  
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Effect expected with introduction of Smart Meter

Merit of customer’s side
Application example of information using 
such as electricity

Expected merit

Addition of remote automatic meter reading 
and remote opening and closing function

Monitoring of load condition and immediate 
response of power company during outage

Visualization of usage information such as 
electricity and charge information, Provision 
of energy-saving diagnostic services, etc.

Energy and CO2-saving, Effect of household 
saving

Optimal apparatus control by HEMS 
introduction, setting and using of 
segmentalized charge menu

Further energy and CO2-saving, Effect of 
household saving

Centralized grasp and management as 
energy information added to usage 
information such as gas

Provision of comprehensive energy and CO2-
saving services

Application of detailed electricity usage 
information as lifestyle of customer

Provision of watching and application to 
nursing service for elderly people 

Source: METI  
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Effect expected with introduction of Smart Meter

Merit of electric power companies, etc.

Application example of information using 
such as electricity

Expected merit

Addition of remote automatic meter reading 
and remote opening and closing function

Operational efficiency of local services, etc.

Visualization of usage information such as 
electricity and charge information

Raising awareness of customers for energy 
saving, improvement of customer satisfaction

Application to consideration of electricity 
charge menu by the data of supply and 
demand patterns including renewable 
energy

Consideration of way of electricity charge for 
efficient use of energy, load balancing by 
induction of demand

Grasp of detailed usage of distribution 
facilities such as transformers, etc.

Efficient formation of facilities according to 
actual Use Condition of distribution facilities

Source: METI
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II. Activities related to Smart Meter
of TEPCO
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Overview of TEPCO’s Smart Meter

Smart Meter
･Electronic measurement
･Every 30 minutes, etc. (Interval metering)
･Two-way communication

(between Meter and Company)
･Remote automatic meter reading
･Remote opening and closing function
･Collection and transmission of 

measurement data

･Have introduced experimentally to approximately 1,200 households
in model areas of Tokyo from the second half of FY 2010. 

･Experimenting demonstration of the communication function, etc.
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16Demonstration experiment for Smart Meter 
expansion of TEPCO
 Overview of demonstration experiment

Implementation
period

Implementation
outline

Introduction
number

Verification content
(Evaluation criteria)

Demonstration experiment
of functions of communication, etc.

Introduction start
from the second half of FY 20 10

Introduction start
from the second half of FY 20 12

Demonstration experiment of business
operation on automated meter reading
in the entire office

- Remote meter reading, etc.

House:  about 60 0 households
Mansion:  about 60 0 households

All customers in the district of one
service office: about 90 thousand   

households

Transmission quality and connection 
quality of communication 

Verification of effect on improving
efficiency of business operation

Item Technical verification Operational verification

 ©2012 The Tokyo Electric Power Company, Inc. All Rights Reserved.
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Major activities of TEPCO

 Measures to Peak Shift
Considering the menu of electricity charges for control of peak 
demand

 Improving efficiency of business operation
Considering flow and verification methods of business operation
for realization of new business focusing on no visit

 Cost reduction of Smart Meter
Reducing procurement costs by optimizing specifications of
Smart Meter

 Demonstration of direct provision of measurement data
Scheduled for realization of provision of measurement data
(30 minutes value) directly from Smart Meter to HEMS
in Yokohama Smart City Project (YSCP)
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18Activities related to Smart Meter 
in Yokohama Smart City Project (YSCP)
 Provision of measurement data directly from Smart Meter

to HEMS (Image)

Demonstration purposes and contents System configuration in the house(Image)

Building direct provision
route between Smart
Meter and HEMS

Community 
demonstration
of demand response 
utilizing
direct provision of data

 Installing smart meters to 
households with HEMS

 Transmitting electricity 
consumption through HEMS 
to CEMS to measure effect
of DR

 Utilizing this demonstration 
data to build a flexible 
system for electricity charges 
in the future 

Communication 
Adapter

Notes
HEMS: Home Energy Management System
CEMS: Community Energy Management System  
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III. Introduction situation of Smart Meter 
in the world
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Situation related to Smart Meter in each country

The United 
Kingdom
･Smart Meter
・～’20
・24 million

households

Sweden
･Smart Meter
・90 thousand

Denmark
･Smart Grid

Italy
･Smart Meter
・24 million

households

Republic of 
Malta
･Smart Grid
・’08～’12
・250 thousand

households

India New 
Delhi
･Smart Meter
・’08～’10
・500 thousand

households

Holland 
Amsterdam
･Smart Grid
・’09～’11

Finland
･Smart Meter
・’08～’12
・3 million households

Korea
･Smart Grid

Japan
･Smart Meter
・1.1 million
households

・KEPCO

Australia
･Smart Meter
・1.2 million

California
･Smart Meter
・’06～’12
・10 million
households

New Zealand
･DMS*

Colorado 
Boulder
･Smart Grid
operations 

test
・’08～’09
・50 thousand
households

Canada
･Smart Meter
・’08～’10
・4.5 million
households

Florida
Tallahassee
･Smart Grid
・～’10
・220 thousand

households

* Distribution Management System

Notes: During meter
introduction

Scheduled for 
meter introduction

During smart grid
introduction

Scheduled for smart grid 
introduction

(Legend) Country name/City name

･Introduction Infrastructure or equipment

・Introduction target year

・Introduction households number

Source: METI

 Overview of a major case in each country
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21Introduction Situation and plan of Smart Meter 
in the world

Italy

Sweden

The 
United 
States 

of 
America

France

The 
United 

Kingdom

Finland
Spain

China 
Korea

Japan

Australia・
Victoria

California

Introduction 
rate

Image of introduction schedule of Smart Meter in the world

Year

・In the countries and states decided or mandated to introduce Smart Meters on a large scale, 
the introduction of  almost all the meters are expected to be completed in the 2010s.

・In Japan, in the Basic Energy Plan which was revised in June, “Fully considering cost-effectiveness, 
etc.,  we aim the introduction of smart meters to all consumers in principle as early as possible of 

the 2020s" .

source: METI

The 3rd EU electricity liberalization
directive

Introduction of smart meters to 
at least 80% of customers by 
2020(If economically profitable) 
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Introduction background of Smart Meter

 Occurrence of large-scale outage (August 2003) 
 Increase in demand
↓

 Instability of supply reliability
↓

 Demand response
(Measures to control demand)

★ Introduction of Smart Meter 

 The United States of America

 Environmental Limitation, etc.
↓

 Difficult situation of new 
power generation installation

Source: METI

×
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 Power theft prevention
 Occurrence of outages in many parts of Europe (2003)
 Introduction expansion of renewable energy such as large

amounts of interconnections with wind power generation system

↓

 Remote meter reading, Grasp of system information 

★ Introduction of Smart Meter 

Introduction background of Smart Meter

 Europe

Source: METI
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24Introduction progress of Smart Meter 
in EU major countries

Sweden
･Mandatory meter
reading once a month
(from July 2009)
･Introduction start
of smart meters

Italy
Introduction
start of smart
meters

The United Kingdom, 
Italy, 
Denmark,
Sweden

Occurrence of
large-scale outage

Spain
Mandatory
Introduction of
smart meters
(100% by 2018)

Italy
Mandatory
Introduction of
smart meters
( 95% by 2011)

The United Kingdom
Published introduction of smart
Meters ( 100% by 2020)
Ahead of schedule to 2019 due
to regime change

Germany
Mandatory introduction
of smart meters to new
Buildings(if possible
Technically and
economically)

France
In response to results of
demonstration experiment, 
the government decides to
nationwide introduction.

Holland
Rejection of mandatory
Introduction of smart meters
Provision a framework of
Autonomous introduction
in November 2010

source: METI

 Outline in each country
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25Deployment status of Smart Meter
in EU major countries 
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The United Kingdom

Spain

Italy

Sweden
Germany

Holland

France

Demonstration stage Plan stage - a part of introduction Full-scale introduction Introduction completion

source: METI

Countries mandating introduction

Countries considering for introduction 

Countries promoting introduction

 Mandatory introduction in each country (Image)
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Introduction situation of Smart Meter in Asia

Country 
name

Smart meter 
number

All meter 
number

Outline

China 63,000,000 385,000,000 ･Implementing large-scale introduction in accordance with smart grid plan of 
government

･Introducing 58.5 million smart meters by September 2011
･Scheduled for introduction 230 million smart meters by 2015

Korea 3,010,000 22,217,471 ･Published “National road map of smart grid" in January 2010
･Building infrastructure of smart meter and two-way communication system  
for all customers by 2020

India 225,000 144,000,000 ･Planned introduction of smart meters as a part of R-APDRP expanded to 
reduce distribution loss.

･Expected to be introduced around IT companies

Taiwan 100,000 12,387,370 ･Published the start of AMI project in 2010
･Planed to change the meters of  all  of 12 million housing customers.
to smart meters

Thailand 5,000 18,352,498 ･Planned by PEA to introduce 3 million smart meters by 2016, 15 million  
ones by 2021

Singapore - - ･Implementing demonstration experiment  for introduction of  smart meters

Philippines 7,000 15,600,000 ･Ditto

 Introduction Progress in each country

Source: METISmart Meter  number :  Introduction situation of AMI ( Prospect until 2010 )  

©2012 The Tokyo Electric Power Company, Inc. All Rights Reserved.
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Overseas meter market, manufacturer trends

・Smart meter of the top manufacturers in global market share has been adopted in each country
in the world.

・Compared with about 34% world market share of top three manufacturers ( Itron/Actaris, Landis+Gyr,
Eister ) in the world, Japanese market share is about 1.8%. 

・ Manufacturers in China and India is expanding from the domestic market, their share are higher
in the background a huge domestic market.

<Overseas meter trends >
・The number of installed meter in the world

(including mechanical type) is about 1.7 billion, 
annual production number is about 130 million
($ 5.0 billion).

・ In the background such as replacement demand 
in the countries and states decided to introduce 
smart meters on a large scale, further 
expansion of the meter market in the future is 
expected.

Meter manufacturer share in the world

The Japan market value (reference) is the ratio of the domestic
manufacturing number for the world's annual production number. All data in 2008

Itron/Actraris(America)

Landis+Gyr(Switzerland)

Sanxing(China)

Holley(China)

El Sewedy (Iskra) (Egypt)

Elster (Germany)

Jiangsu Linyang Electronics (China)

Londian (China)

Shenzhen Star (China)

Energomera (Russia)

Other

Japan market (ref.)

source: METI
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Situation of watt-hour meter in Japan

Installed number of watt-hour meter and annual installed number in Japan     unit : 1 thousand  number     

・Japan market scale is about 30 billion yen, compared with about $ 5.0 billion world market.
(Production amount is 30.5 billion yen, including export amount is 100 million yen)

・Annual installed number is about 9.0 million, including about 1.9 million new meters. 
The rest are the existing reuse meters to be collected and repaired.

・Reuse of mechanical-type meters account for the majority and the annual new demand is about 20% 
of the annual installed number. Production amount per manufacturer is less than overseas manufacturer’s.

For example, in case five companies supply the smart meters for all meters in Japan( number of contracts: about 80 million, 
replacement in 10 years ), annual supply amount per manufacturer is 1.6 million. However, if the meter of each power company
is different, production scale per model will be reduced.

Installed number of 
watt-hour meter(total)

Installed number in 
FY 2007

Installed number in 
FY 2008

Installed number of 
watt-hour meter(total)
/10 years (valid period)

New meters

Reuse meters

All data in 2008
source: METI  ©2012 The Tokyo Electric Power Company, Inc. All Rights Reserved.
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Situation of watt-hour meter in Japan

Power company Installed number 
of watt-hour meter

(total)
[X] 

Annual installed number [X]/10 years
(valid period)

2007 2008

Installed number New meters Installed number New meters

Hokkaido 3,636 412 109 404 94 364

Tohoku 6,723 760 217 721 190 672

Tokyo 27,189 3,038 662 2,859 663 2,719

Chubu 9,428 1,080 178 1,065 167 943

Hokuriku 1,805 215 55 211 54 181

Kansai 12,636 1,623 327 1,585 343 1,264

Chugoku 4,927 659 119 611 126 493

Shikoku 2,730 307 45 329 50 273

Kyusyu 8,178 836 175 824 175 818

Okinawa 800 93 23 98 28 80

Total 78,052 9,024 1,909 8,706 1,890 7,805

Installed number of watt-hour meter and annual installed number in Japan

source: METI

All data in 2008

unit : 1 thousand  number         
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11．． Management principle and
management guidelines,

and Fundamental principles
and system

22．． Points of concern in designing
and conducting training

3. Introduction of New Employees
training and Grade system

4． Incentive system
(Introduction of Front-line
Workplaces Activities in TEPCO)
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Management principle and management guidelines

Management Vision 2010

Contribute to the realization of affluent living and pleasant 
environment by offering optimal energy services

Management 
Guideline No.1

Management 
Guideline No.2

Management 
Guideline No.3

“Win the Trust of 
Society”

“Survive the Struggle in 
Competition”

“Foster People and 
Technology”

Eligibility to participate 
in the competitive 
markets is the “trust”
that society places in us.

Nothing makes TEPCO  
Group happier than 
customer “satisfaction”.

“People and 
technologies” open up 
the future of our Group.

Group management guidelines

Group Management Principle
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Desirable 
human resources 

(ideal image)

Present 
employees

Change (cultivate) employees 
toward the “desirable human 
resources.”

What is human resources development?
Human resources development means to change 
employees toward the “desirable human resources.”

Review  
©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

・steady thinking

・ability to take action 
even at contingency 

Changing of Capabilities to be required

・conservative mind

・orderly mind

・be amenable
to discipline

・spirit of challenge 

・creative mind

・zero-based thinking

[Old requirement][Old requirement] [New requirement][New requirement]

Capabilities to be required for technical engineer/technician is changing

 ©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

Complementary method

Fundamental principles of human resource development

Ｏ Fundamental principles
・Job rotation

・On the job training（ＯＪＴ）

・Group training

Ｏ Major training schemes
・Group training

・Supporting selfelf--developmentdevelopment

Main method of Training for the technical engineer/technician is on the job training
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Human resources development methods

SelfSelf--
developmentdevelopment

ＯＪＴ ＯｆｆＯｆｆ--ＪＴＪＴ

General Training Center 
especially pours effort to 
implementation of group 
training and assistance of 
self-development

Through regular routines at 
workplaces (OJT)

Education or 
training outside of 
workplaces (Off-JT)

The effort made by 
self-motivated 
eagerness (self-
development)

Review

Trainer’s abilities of 
each branch office is 

very important.
So checking eligibility 
of trainer carefully to 
keep the OJT quality 
at all branch office .
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 Impact on the style of organization, human resources and job

Basic idea and structure of training
- changes in management environment -

Swift decision-making by flattering corporate 
structure.
“Customer service” and “construction, 
maintenance and operation of facility” in an 
integrated manner

OrganiOrgani--
zationzation

The system of pay and benefits was reviewed to
make it more merit-/ability- based.

HumanHuman
resourcesresources

Business operation structure best suited for 
electricity business was reestablished.
Intensive enhancement and effective utilization of 
facility maintenance. 

PracticePractice
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Basic idea and system of training 
- challenges and direction of measures -

 Cultivation of human resources based on OJT should be 
maintained while the system focusing on the followings requires 
development

Enhancement of management ability among 
management-level stuffs

Improvement of front-line technologies and skills as well 
as ability to discover and solve issues

Leadership for innovation
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SelfSelf--
developmentdevelopment

Group training

Own Own 
voluntary voluntary 
trainingtraining

Educational Educational 
supportsupport

Training schemes for human resource development
Important training schemes is self - development

 ©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

44--[2].[2]. Points of concernPoints of concern
in designing and conducting trainingin designing and conducting training

Points of concern

Designing of 
training

Conducting of 
training

(Operation)

Company-wide recognition
of challenges

* Selection of instructors

*Ex ante assignment

*Awareness of purpose and     
significance

*Assistance to practice at a workplace 
(including ex post assignment)

Quality 
maintenance
Effect 
measurement

Tasks

*Selection of text books

Review of training system
Utilization of Utilization of 
external external 
resourcesresources
(Instructors in (Instructors in 
particular)particular)
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Selection of training instructor

 In principle, instructors who is commensurate with a theme shoulIn principle, instructors who is commensurate with a theme should  d  
be selected from company membersbe selected from company members

 External instructors should be invited when their knowledge gainExternal instructors should be invited when their knowledge gained ed 
outside of TEPCO is expected to bring about greater effectsoutside of TEPCO is expected to bring about greater effects

 Instructors are carefully selected based on the assessment of thInstructors are carefully selected based on the assessment of the  e  
following pointsfollowing points

 Such instructors are fostered when needed

 e.g. Educational consultants, professors and others

 Purpose for training and eligibility for prospective result
 Specialty and instruction skill, etc.

- Evaluation made by secretariat, or based on questionnaire 
from training participants

Review  
©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

Important parts of training implementation
 Contents are set from the perspective of followings upon the 

consultation with training instructors
1. Ex ante assignment1. Ex ante assignment

2. Educational materials2. Educational materials

3. Ex post assignment3. Ex post assignment

- should inspire motivation about participating in training

- should supplement content of a lecture

- should be associated with what was learned from a training and 
practical skills

- could be what instructors use during a lecture

- Set one's own agenda, upon consultation with boss, before 
taking a training

- Requires to be well organized, purposeful and easy to 
understand while including up-to-the-minute details

- Take action toward problem-solving after receiving a training 
- Follow-up provided by the center

 ©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

Quality maintenance and effect measurement of trainings
[Quality][Quality]
 Discovering quality and eligibility of an instructor as well as content and skill 

level provided by the instructor
○Observation on a degree of response from participants
○Provision of feedback composed of obtained results to instructors

[Effect measurement][Effect measurement]
 Evaluation of training based on questionnaire 

filled out by participants and their boss
 Benefits, earned throughout trainings, 

of practicing at a workplace 
 Practicality in terms of action 
 Benefits of each program

 Confirmation on implementation status of
practical skills executed at workplaces (WPL: Work Place Learning)

- To maintain and improve training, every training undergoes quality 
control and effect measurement

- Confirm whether participants put what they learned from trainings in 
practice at their workplaces

ParticipantParticipantWorkplaceWorkplace
(Boss)(Boss)

general training centergeneral training center
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Annual Training Schedule for New Employees

GT*

OJT

Second Half-Year
10   11   12   1   2   3

First Half-Year
4   5   6   7   8   9

* Group training

Branch OfficeBranch Office
• Education at the time of
employment

• Legal education
• Basic manner training

Service CenterService Center
• OJT
• Collective Training in 
the branch office

Training CenterTraining Center
(4 months)(4 months)

• Collective training of
first half-year

• For all new employees
of technical division

• Basic training

Training CenterTraining Center
(5 months)(5 months)

• Collective training of
second half-year

• For new employees
of distribution division

• Advanced training

 ©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

Substation
12.0

Control
8.0

Training ofTraining of
Other DivisionOther Division

20.020.0

Unit : Days

Overhead Line
20.0

Underground Line
8.0

Distribution Technique
7.0

Lecture of Distribution 9.5

Acquisition of Qualifications 4.0
Safety Education 4.0

Special Lecture 0.5
Legal Education 1.5

Training ofTraining of
Distribution DivisionDistribution Division

44.544.5

Training Composition of First Half-Year

Total : 74.5 Days

OtherOther
TrainingTraining

10.010.0

Purpose : Training for Basic Works
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Training Composition of Second Half-Year

Distribution Line Fault
Detection

Outage Response

Facilities Damages and
Emergency Power Supply

Methodology

Facilities Operation
and Preservation

LV Service Line
Methodology

Total : 73.0 Days

Purpose : Training for Actual Works
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Grade system
The level of Operational Technique/Skills Certification System

New 
employee 
training

Certification 
training

OJT

Certification 
test 

(B Grade)

Certification 
test 

(C Grade)

Certification 
training

OJT

Certification 
test 

(A Grade)

1st year 4rd to 6th year 6th to 10th year

Level where employee 
is able to execute 
elementary on-site 
operations with 
responsibility

Level where employee 
is able to execute 
regular on-site 
operations with 
responsibility

Level where employee is able to 
process advanced applied approaches 
as well as perceive and respond to 
abnormal circumstances, etc. with 
responsibility

- Chef worker / Supervisor need to have A Grade
- Emergency maintenance team leader need to have A Grade
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Name

Grade Certification

Grade YearType of Skill Certified by

Branch 
office 

manager

Certification

Distribution
Maintenance

Distribution
Maintenance
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Relation and Level of Construction Company

Relation with TEPCO and Construction Company
TEPCO

•Design of the system
•Setting the competency 
of engineer
•Check the construction 
company system
•Approval of application application

Approval

Construction 
Company

•Setting the training 
curricula
•Implementation of 
training

Type of Technique/Skills
•Construction Technique/Skills (1st , 2nd, 3rd Grade) 

(Overhead line course, Undergrad cable course)  
•Construction management Technique/Skills 

Level of Technique/Skills

New 
employee 
training

Certification 
training

OJT

Certification 
test 

(2nd Grade)

Certification 
test 

(3rd Grade)

Certification 
training

OJT

Certification 
test 

(1st Grade)

1st year 3rd to 4th year 6th to 7th year

Certification  
training
OJT

Certification test 
(Construction 
management )

9th year
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11．． Management principle and
management guidelines,

and Fundamental principles
and system

22．． Points of concern in designing
and conducting training

3. Introduction of New Employees
training and Grade system

4． Incentive system
(Introduction of Front-line
Workplaces Activities in TEPCO)
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 TEPCO supports staffs to pass Public Qualification Tests 
and reward those who passed the tests with financial 
incentives

Qualification Reward System

Nu. 71,000
First-class Architect
Certified Tax Accountant

Nu. 142,000
Patent Attorney
Processional Engineer

Nu. 214,000

Qualified Electrical Chief Engineer (1st grade)
National Judicial Examination (Lawyer)
Certified Public Accountant
Doctor’s Degree (Ph. D)

Financial IncentivePublic Qualification Test

*1.4 JPY /BTN
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President Award System

President
Award

Remarkable Cases can be rewarded as the President Award
Maximum Reward Incentive is 357,000 BTN

 TEPCO incorporate “Business Improvement Activity” and
“PI solving activity” into President Award System

Business Improvement 
Activity

PI Solving
Activity

Business Achievement

Work Process 
Streamlining

Safety with 
Zero Casualty

Incentive system (Introduction of Front-line
Workplaces Activities in TEPCO)
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1. Establishment of Certified Skill S Grade

2. Establishment of professional technical teams

3. Holding of a company-wide skills competition

New activities
We are implementing activities toward the enforcement 
of maintenance and succession of techniques and skills.
ｏ Increase in opportunities to directly use 

techniques and skills
ｏ Enhanced desire to master techniques and skills

Review  ©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

◇Established as a grade upper than A Grade
Human resources capable of responsibly pursuing 
technical succession and human resources development 
(with a high technical capability and leadership ability) 
will be certified through the following tests.
● Test on sector-specific professional techniques
● Test on leader competence

A certificate will be granted by the president.
The certified personnel will be also permitted to wear a 
special design uniform.

Establishment of S Grade
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Establishment of professional technical teams

・Basic displacement, variation diagnosis, structural component 
deterioration diagnosis, steel tower strength determination, 
designing of optimum repair/reform

Steel tower
maintenance 

technology team

Overhead 
transmission

Power 
transformation

Hydro power 
generation

・Investigation and analysis of faulty equipmentDistribution equipment 
engineering team

・Practice of measurement/diagnosis technologies accompanied 
by advanced evaluation

Maintenance 
technology team

・ Repeated training specialized in improvement of practical 
technologies from judgment to treatment of facilities incidents

Emergency response 
technology team

Power distribution

・Designing, construction, test of switchboards
・Business improvement/efforts on problem solving

Protection control 
engineering team

・Designing, construction, test of water turbine repair works
Water turbine 

generator engineering 
team

Major practical activityProfessional technical 
teamSector

Professional technical teams will be established chiefly under the direct control of the 
head office to maintain and strengthen techniques/skills.
<Example of professional teams>

5 to 10 persons/team

Tr
an

sm
iss

ion
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作業月日　　　　　シートＮｏ01_ＣＨ不良　　作業件名；ケーブルヘッド絶縁破壊による応急送電　　　　　　　　　　作成者

責・イ・ロ・ハ・ニ　　　　　　　　　　　　　　　

責・イ・ロ・ハ・ニ　　　ニ　　　　　Ｂ　　　５、バイパスケ－ブル接続相相互確認　　　　　　　

責・イ・ロ・ハ・ニ　　　ハ　　　　　Ｂ　　　４、架ケ引抜き時既設色確認　　　　　　　

責・イ・ロ・ハ・ニ　　　ロ　　　　　Ａ　　　３、絶縁測定後の放電接地　　　　　　　

責・イ・ロ・ハ・ニ　　　イ　　　　　Ｃ　　　２、高所作業車バケット接近時の接触注意　呼称復唱で確認　　　　　　　

責・イ・ロ・ハ・ニ　　　責　　　　　Ａ　　　１、短絡接地取付、外しの保護具着用　　　　　　　

　　　分　　担　　　　　　　氏　　名　技能ランク　　　　　　　　　　　指　示　連　絡　事　項

作　業　工　程　図 緊急対応技術チーム

ＴＢＭ－ＫＹ 高所準備 ３号柱短絡接地取付 ケーブル引上げ 引下げ線仮取付 絶縁測定

ロ ロ ロ ロ

小型高準備、ケーブル準備、導通確認

ハ、イ、ニ

架ケ引抜

地上作業

ニ

監視

責

架ケ側接続

ハ

架ケ側接続

ハ

斉

降柱

斉

降柱

引下げ線接続

ロ

短絡接地取外

ロ

１号ＡＳ投入

ニ、イ

送電確認 ＴＢＭ－ＫＹ

検電、３ゴム 重量物下注意

既設色確認

落下物注意

残留電荷放電

残留電荷放電

３ゴム
接続相（色）

※１

※２

※３

※１

※２

※３

設置相互確認 バケット接触

架ケ引抜き準備

ハ

重量物下注意

ケーブル引上げ、固定補助
バケットはさまれ注意

イ

ハ

ハ

責 全員

全員

・Harsh conditions not likely to occur normally are developed intentionally.
・ The team members will repeat competitive training over prepared 

issues.
・ The team members will acquire problem-solving abilities by addressing 

the problems through practice, scientific analysis and thorough 
discussion rather than instinct, experience, and courage.

Image

Emergency response technology teamEmergency response technology team

Training of professional technical teams
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・ Evaluated with “safety,” “quality,” and “efficiency” as common 
criteria

・ The actual number of participants in the competition was 
expanded by holding elimination contests.

・ The competition functions as a setting to spread the 
possessed techniques throughout the company.

Company-wide technique and skills competition
(president cup)

Power transformation: Pre-service 
inspection of mobile switchOverhead transmission line: Jumper operation

Power distribution maintenance: 
Emergency power transmission

Held with the aim of improving the desire to acquire techniques and skills, creating the 
corporate culture respecting techniques and skills, and vitalizing workplaces. 
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Theme of president cup

1. Target
・ Recovery work of damaged line 
・ Emergency supply for high voltage customer
・ Emergency supply for low voltage customer

2. Activities

・Recovery work of damaged line and
emergency electric power supply

Time limit : 75 min.

Pole No.2 Pole No.3
Pole No.4

Hot line work

Breaking of 
PD line

Meltdown of 
fuse

Damage of high 
voltage cable

Damage of support 
pole and dropping 

branch line

*PD line:Cross-Linked polyethylene insulated Drop wire for Pole transformer  
©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

○ Engineering capabilities were enhanced through the 
training toward the competition.
・ Elimination contests were held at some branch offices.

(Effective in further expanding the actual number of 
participants.)

○ Consciousness of participants was enhanced by the 
observation of the management.

○ The competition functions as a setting to spread the 
possessed techniques of TEPCO throughout the 
company.
・ Deepened technical exchanges with other branches 

and other sectors

Effects of competition
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Namesame
Kadrinche
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Relay Coordination
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22．． Outline of Protection Relay andOutline of Protection Relay and
Coordination in the TEPCO SystemCoordination in the TEPCO System

44．． Protection Relay and CoordinationProtection Relay and Coordination
in the TEPCO 6.6kV Systemin the TEPCO 6.6kV System

55．． Preferred SpecificationsPreferred Specifications
66．．Technical TrendsTechnical Trends

11．． OutlineOutline of Protection Relayof Protection Relay
and Coordinationand Coordination

33．． Protection Relay and CoordinationProtection Relay and Coordination
in the TEPCO 66kV Systemin the TEPCO 66kV System
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Purpose of Protection Relay 

[ purpose ]
Isolating the faulty part from the healthty
system so that fault does not spread over the 
other points
 Security ：

 Damage prevention of the power facility
 Public safety

 Reliability ：
 Minimization of the outage area
 Stabilization of the power system
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Classification of Protection Relay 

System 
Protection

Relay

Fault 
Clearance
Protection

Relay

Failure 
Extension
Protection

Relay

Auto Fault 
Restoration

System

Main
Protection

Relay

Back-up
Protection

Relay

Fault Clearance
(security and 

Reliability)

Prevention of 
failure extension

(security and 
Reliability)

Fault Restoration 
after fault 
clearance

(Reliability)

Classification Purpose

Transmission, Transformer, 
Busbar Protection Relay, etc.

Out-of step Relay,           
Under-frequency Relay, etc.

Reclosing Relay,           
Auto-transfer for receiving 
circuit system, etc.

Sample Relay
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Covered area of Protection Relay 

Each Protection Relay has the protection area for minimizing 
the outage area and reliability of the power system

G  : Generator
CB: Circuit Breaker

Transformer
(Power plant)

CB

Bus bar
Transmission

Line

G

G

Transformer
(Substation)

Distribution
LineSubstation

Building
Factory

Distribution
Transformer

Power plant

Bus bar Bus bar
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Purpose of Protection Relay 

132kV 
Bus

33kV 
Bus

11kV 
Bus

132/33/11kV Kanglung substation

Chenary
substation 

Transformer
Circuit Breaker

11kV 
Bus

33kV 
Bus
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22．． Outline of Protection Relay andOutline of Protection Relay and
Coordination in the TEPCO SystemCoordination in the TEPCO System

44．． Protection Relay and CoordinationProtection Relay and Coordination
in the TEPCO 6.6kV Systemin the TEPCO 6.6kV System

55．． Preferred SpecificationsPreferred Specifications
66．．Technical TrendsTechnical Trends

11．． OutlineOutline of Protection Relayof Protection Relay
and Coordinationand Coordination

33．． Protection Relay and CoordinationProtection Relay and Coordination
in the TEPCO 66kV Systemin the TEPCO 66kV System

 
©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

[Review]
Outline of TEPCO Power System

500kV UG

275kV UG

500kV OH

275kV OH
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[Review]
Outline of TEPCO Power System

Distribution
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1000kV 500kV 275kV 154kV 66kV 22kV 6.6kV 200/100

[Review]
TEPCO’s Voltage Leve

Distribution

Local

Urban

Area
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Arc suppression coil 
compensated grounding method

Neutral point resistively 
grounding method

[Review]
Transmission System

500kV-275kV 154kV-66kV 6.6kV

Neutral point solidly 
grounding method

or

Insulated neutral 
point to earth 
method

Primary 
coil

Secondary 
coil

Tertiary coil

 ©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

[Review]
Distribution System

66kV/6.6kV

3 Phase 3 Wire
Non Grounding

100V 100V

200V

Single Phase DT

6600V

200V 200V

200V

6600V 6600V
Three Phase DT

“V” connection system
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Guiding principle of 
Protection Relay CoordinationCoordination

[ Guiding principle ]
 It is necessary to clarify the purpose of installing protection relay 

equipment , the covered area of protection relay and the type of accident 
which the protection relay can operate with.

 It is necessary to coordinate the other relay for reliable operation and 
prevention of improper operation.

 It is necessary to calculate the setting value in consideration of real 
system configuration and manner of operation. 

[ Necessary information for Protection Relay CoordinationCoordination ]
 System configuration, Impedance, Power flow, Zero-phase circulating 

current, Steady state stability, Transient stability, Short circuit capacity 
(current) etc.

 Protection relaying scheme, Characteristic of existing protection relay
 Characteristic of current transformer and voltage transfomer
 Break time and make time of circuit breaker
 Capacity of line conductor, bus bar and power facilities  
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Category of Protection Relay (TEPCO)

 Category 1-Ⅰ
Protection relay for whole system protection
(Under-Frequency Relay, etc.)

 Category 1-Ⅱ
Protection relay which is operated by system load dispatching 
office (500kV line Protection Relay, etc.)

 Category 2-Ⅰ
Protection relay which is operated by branch office load 
dispatching station (66kV Line Protection Relay, etc.)

 Category 2-Ⅱ
Protection relay which is operated by service center control and 
maintenance office (66/6kV Transmission Protection Relay, etc.)

 Category 3
Other protection relay (6kV Line Protection Relay, etc.)
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Image of Covered area of Protection Relay

G  : Generator
CB: Circuit Breaker

Transformer
(Power plant)

CB

Bus bar
Transmission

Line

G

G

Transformer
(Substation)

Distribution
LineSubstation

Building
Factory

Distribution
Transformer

Power plant

Bus bar Bus bar

Category 1-Ⅰ

Category 1-Ⅱ

Category 2-Ⅰ

Category 2-Ⅱ

Category 3
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Responsible of Implementation
of Protection Relay Setting

Department in chargeCategory of Protection 
Relay

Category 3

Category 2-Ⅱ

Category 2-Ⅰ

Category 1-Ⅱ Service center control and 
maintenance office

Power plant

Category 1-Ⅰ
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Responsible of Operation
of Protection Relay Setting

Department in chargeCategory of Protection 
Relay

Service center control and 
maintenance office

Power plant

Category 3

Service center control and 
maintenance office

Category 2-Ⅱ

Branch office load 
dispatching station

Category 2-Ⅰ
Category 1-Ⅱ

System load dispatching 
office

Category 1-Ⅰ
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Responsible of Recordkeeping 
of Protection Relay Setting

Department in chargeCategory of Protection 
Relay

Category 3

Category 2-Ⅱ Branch office load 
dispatching station

Category 2-Ⅰ

System load dispatching 
office

Category 1-Ⅱ

Central load dispatching  
office

Category 1-Ⅰ
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Analysis software for Calculation 
of Protection Relay Setting

Department in chargeDepartment

Self - developed software
POQAS (Power Quality
Analysis)
(*Self - developed software)

Distribution Department

GST etc.
(*Self - developed software)

Engineering Department
Branch Office

GST：Phase fault analysis
Ground fault analysis

NTR-Y：Stability analysis
FDC：Power flow analysis 
(*Self - developed software)

Central and System load 
dispatching office
Branch office load 
dispatching station
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Process of Protection Relay Setting
(Category 1-Ⅰ)

Branch office load 
dispatching station

System load 
dispatching 

office

Service center 
control and 

maintenance office

Direction

Implementa
tion

Record

Request 

Calculation

Notice

Constriction Center
Service center 

control and 
maintenance office

Central load 
dispatching  

office

Request for 
calculation of 
settling value 

Calculation

Making 
notification of 
settling value 

Notification of 
settling value 

Notification of 
settling value 

Notification of 
settling value 

Notification of 
settling value 

Direction of 
relay settling 

Direction of 
relay settling 

Implementation 
of relay settling 

Report of 
relay settling 

Report of 
relay settling 

Report of 
relay settling 

Record of 
relay settling 

Need one month
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Organization Chart of TEPCO in 2010Organization Chart of TEPCO in 2010

Chairman

President

Secretary Dept.
Corporate Planning 
Dept.
Engineering Dept.

Environment Dept.
Corporate System 
Dept.
Corporate 
Communications 
Dept.
Affiliated Companies 
Dept.
Corporate Affairs 
Dept.
Employee Relations 
& Human Resources 
Dept.
Accounting & 
Treasury Dept.
Real Estate 
Acquisition & 
Management Dept.
Materials & 
Procurement Dept.
Electronic 
Telecommunications 
Dept.
International Affairs 
Dept.
Toden Hospital

Internal Audit & 
Management of 
Quality & 
Safety Dept.

Nuclear Quality 
Management 
Dept.

General Training 
Division
Technical-Engineering 
Training Division

Executive 
Vice 
President

Managing 
Directors

Branch  (10)

Branch office
(45)

Power System Office 
(3)

Thermal Power 
Office (3)

Thermal Power 
Plants (3)

Construction Office 
(4)

Gas Business 
Company

TEPCO General 
Training Center

Engineering 
Research & 
Developmen
t Division

Marketing & 
Sales 
Division

Power 
Network 
Division

Thermal 
Power Dept.
Fuel Dept.

Construction 
Dept.

Nuclear 
Power & 
Plant Siting
Division

Business 
Development 
Division

Research & 
Development Planning 
Dept.
Research & 
Development Center

Marketing & Customer 
Relations Dept.
Corporate Marketing 
& Sales Dept.
Princing & Power 
Contract Dept.

Transmission Dept.

Distribution Dept.

Power System 
Operation Dept.

Network Service 
Center

Nuclear Power & Plant Siting
Administrative Dept.
Nuclear Power Engineering, 
Quality & Safety Management Dept.
Plant Siting & Regional Relations 
Dept.
Nuclear Power Plant Management 
Dept.

Nuclear Asset Management Dept.

Nuclear Fuel Cycle Dept.

Nuclear Power Stations (3)

Higashi doori Nuclear Power 
Construction Preparation Office

Business 
Development 
Dept.
Information & 
Communicati
ons Business 
Dept.

Auditors Office of Assistant to Auditors

Head OfficeHead Office

Distribution Dept.

Power System 
Operation Dept.

Branch  (10)

Branch office
(45)
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Organization Chart of TEPCO in 2010Organization Chart of TEPCO in 2010

Branch Offices

Branch Office (10) Customer Center

Service Center

Control & 
Maintenance Office

Load-dispatching Station

Construction Center

Power System Operation Dept.

Power System 
Operation Dept. Central Load 

Dispatching Office

Load Dispatching 
Training Center

System Load  
Dispatching Office

Category 1-Ⅰ

Category 1-Ⅱ

Category 2-Ⅱ

Category 2-Ⅱ

Category 3
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22．． Outline of Protection Relay andOutline of Protection Relay and
Coordination in the TEPCO SystemCoordination in the TEPCO System

44．． Protection Relay and CoordinationProtection Relay and Coordination
in the TEPCO 6.6kV Systemin the TEPCO 6.6kV System

55．． Preferred SpecificationsPreferred Specifications
66．．Technical TrendsTechnical Trends

11．． OutlineOutline of Protection Relayof Protection Relay
and Coordinationand Coordination

33．． Protection Relay and CoordinationProtection Relay and Coordination
in the TEPCO 66kV Systemin the TEPCO 66kV System
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Phase-to-Phase Fault Protection
for 66kV transmission lines

Distance Relay is applied for the protection of the 66kV 
system against phase-to-phase fault.

Reach of the 
Distance Relay
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Distance Relay Setting

Oi (Reactance): Correctly detects the distance regardless of 
arc resistance

SU (MHO): Correctly detects the direction of the fault 
regardless of load current

R

X
SU

O1

Load 
Current

O2
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Distance Relay Setting
A fault at the end of the transmission line causes minimum 

fault current within the reach of the distance relay.

A
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Distance Relay Setting

The distance relay shouldn’t trip the line by the fault on the 
secondary side bus of the 66/6.6kV transformer.

B  
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Distance Relay Setting

0.01

0.10

1.00

Current [A]

T
im

e 
[s

]

Distance (Impedance->Current)

Load Current Fault Current B Fault Current A
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Distribution Substation (66kV/6.6kV) 
Facilities

Photo of Substation Substation layout Facilities

GCB

Super-Clad

Mini-Clad

LS

CB

Tr

6.6kV 
feeder

LS: Isolator (Line Switch)
CB: Circuit Breaker
Tr: Transformer

66kV 
Bus

6.6kV 
Bus

66kV Transmission Line
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Main Relay Type of Substation (66kV/6.6kV) 

Standard Relay Setting in the TEPCO 66kV/6.6kV substationStandard Relay Setting in the TEPCO 66kV/6.6kV substation

Value: <150% of maximum short circuit 
current at transformer secondary winding

>50% of minimum short circuit
current at 66kV busbar

Time: 0.05s 

Phase fault protection
for  66kV system

Over current 
relay (HOCR)

(51H)
Phase fault 

relay

Value: 150% of installed transformer 
capacity

Time:0.6-1.0s 

Phase fault protection
for  whole substation

Over current 
relay (OCR)

(51L)

Percentage 
differential relay 

(RDfR)

Over current 
relay (OCGR)

Over current 
relay (HOCR)

(51T)

Relay TypeRelay Type

Value: 67% of rated current
Percentage differential : 50%

Time: instant

Transformer fault 
protection

Percentage 
differential 

relay

Value: 30A
Time: 0.05-0.0759s

Earth fault protection
for  66kV system

Earth fault  
relay

Value: 160% of  rated current
Time: 0.6-0.1s 

Phase fault protection
for  transformer and 

6.6kV system

Standard Relay Setting (Sample)Standard Relay Setting (Sample)PurposePurposeRelay NameRelay Name
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Phase-to-Phase Fault Protection
for 66/6.6kV substations

Overcurrent Relay is applied for the protection of the 66/6.6kV 
substation against phase-to-phase fault.

Reach of the 
HOCR

Reach of the OCR
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OCR Setting

A setting of OCR has an inverse time characteristic.

T
im

e

Current

Load 
Current

Fault 
Current
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Relay Coordination

0.01

0.10

1.00

Current [A]

T
im

e 
[s

]

Distance (Impedance->Current)

Load Current Fault Current B Fault Current A

OCR

HOCR

Time Coordination

Sensitivity Coordination
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Relay Coordination

Distance relay trips CB1 instantly at the same time as 
HOCR trips CB2.

A

CB1

CB2
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Relay Coordination
(Sensitivity Coordination)

For the fault on the secondary side of the 66/6.6kV 
transformer, OCR trips CB2.

B

CB2
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Phase-to-Ground Fault Protection
for 66kV transmission lines

Directional Earth-Fault Relay is applied for the protection of the 
66kV system against phase-to-ground fault.

Reach of the 
DEF

Failsafe: OVGR
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DEF Relay Setting

Phase Characteristics
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DEF Relay Setting

I 0

V0

I 0

V0

V0-I0 Characteristics
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Phase-to-Ground Fault Protection
for 66/6.6kV substations

Reach of the OCGR

Overcurrent Ground Relay is applied for the protection of the 
66/6.6kV substation against phase-to-ground fault.
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Relay Coordination
(Time Coordination)

OCGR trips CB2 before DEF trips CB1.

A

CB
1

CB2
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Relay Type of 6.6kV System

Standard Relay Setting in the TEPCO Standard Relay Setting in the TEPCO 
6.6kV System6.6kV System

-

Operating at 30% 
of earth fault 

Operating at the 
distribution line 

end fault            
(less than 85%) 

Operating dutyOperating duty

Voltage 
detecting relay

Earth fault 
directional relay

(DEF)

Over current 
relay (OCR)

Relay TypeRelay Type

Value: 10% of 
normal voltage

Time: 0.9s

Voltage detecting
(using the part of 

Earth fault 
directional relay)

Earth fault 
overvoltage 

relay

Value: 200mA
Time: 0.9s

Earth fault 
protection

Earth fault 
directional 

relay

Value: 150% of  
maximum 

allowable current
Time: 0.2s 

Phase fault 
protection

Phase fault 
relay

Standard Relay Standard Relay 
SettingSetting

(Sample)(Sample)

PurposePurposeRelay NameRelay Name
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Phase-to-Phase Fault Protection
for the 6.6kV system

Overcurrent Relay is applied for the protection of the 6.6kV 
system against phase-to-phase fault.

A
B

C
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0.01

0.1

1

100 1000 10000 100000

Current [A]

T
im

e 
[s

]

Relay Coordination

OCR1

OCR2
Load

Current
Fault

Current C Fault Current A

Fault Current B

Time Coordination

Sensitivity Coordination
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Method of the Relay coordination

1. Making the impedance map of necessary section

2. Calculation of the short circuit current

3. Calculation of the continuous rating current of the CT

4. Calculation of the overcurrent strength of the current 
transformer (thermal strength, mechanical strength)

5. Setting OCR for incomer feeder (receiving circuit )

6. Setting OCR for main transformer

7. Setting OCR for outgoing feeder

8. Drawing protection coordination curve
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Method of the Relay coordination

1. Making the impedance map of necessary section

2. Calculation of the short circuit current

Sample impedance map
(EAST30 model of Institute of Electrical Engineers in Japan)

Sample impedance map for 
calculation of the short circuit current
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Method of the Relay coordination

3. Calculation of the continuous rated current of the CT (6.6kV)
Case 1 Using contract demand data

Case 2 Using installed capacity (installed facilities data)

Case 3 Using overcurrent constant data







6.63
_

BA
facilityN

PPI

n
ZZ
ZZ

n
bx

x 





2

22

xtconsNLS nII  tan_3

x

LS
tconsN n

I
I 3

tan_ 

IN_contract: continuous rated current of CT [A]
PC: contract demand [kW]
α : safety margin [1.3-2]
Cosφ : demand power factor [0.8-0.95]

IN_facility: continuous rated current of CT [A]
PA: apparent Power of transformer [kVA]
PB: equivalent capacity of moter [kVA]
α : safety margin [1.3-2]








cos6.63
_

C
contractN

P
I

n: rated overcurrent constant
nx: overcurrent constant of each demand
Z2: secondary winding impedance [Ω ]
Zb: rated demand impedance [Ω ]
Zbx: each demand impedance [Ω ]
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Method of the Relay coordination

4. Calculation of the overcurrent strength of the current 
transformer (thermal strength, mechanical strength)

4-1 Thermal strength

4-2 Mechanical strength

IN: primary rated current of CT [A]
IS: short circuit current [A]
D: overcurrent strength of the current transformer
t: time of short circuit current [s]

k: maximum current instantaneous value factor
R: combined resistance
X: combined reactance

tIDI SN  22 sec1)(

t
I
I

D
N

S

kIDI SN  5.2

kI
I

D
N

S 5.2

















 x
X
R

k 12
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Method of the Relay coordination

5. Setting OCR for incomer feeder (receiving circuit )
5-1 Setting OCR (51L)

b.  Checking the loop current

P: installed transformer capacity [MVA]
IL: 150% continuous rated current [A]
T: tap value

 A
ratioCTV

PIT
n

L 5.1
_

1

3


c.  Time setting

a. Value setting

Using impedance map

Using in house standard (1.0s)

in house standard
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Method of the Relay coordination

5. Setting OCR for incomer feeder (receiving circuit )
5-2  Setting HOCR (51H)

b. Calculation of minimum short circuit current at 
66kV busbar

Pn: Base capacity 
Vn: Base voltage
%Z1: Percent impedance

 A
ratioCTZV

PI
n

n
S _

1

%3

100

1

1 







c.  Value setting:

a.  Calculation of maximum short circuit current at 
transformer secondary winding

d.  Time setting: Using in house standard (0.05s) 

 A
ratioCTZV

PI
n

n
S 2

3

_

1

%3

100

2

2 







5.05.1 21  ITI

in house standard

A S/S

B S/S

E factoryC, D factory

%Z2

%Z1
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Method of the Relay coordination

6. Setting OCR (51T) for main transformer

b. Calculation of short circuit current at 6.6kV busbar

Pt: Transformer capacity [MVA] 
Vt: Transformer rated voltage A

ratioCTV
PI

t

t
T _

1

3





c.  Value setting:

a.  Calculation of transformer rated current

d.  Time setting: Using in house standard (0.75s) 

 A
ratioCTZV

PI
t

n
S 2

3

_

1

%3

100







5.06.1  ST ITI

in house standard

Pn: Base capacity 
Vt: Transformer rated voltage
%Z: Percent impedance
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Method of the Relay coordination

7. Setting OCR for outgoing feeder

b. Temporary value setting: 

e.  Value setting

a.  Checking of continues allowable current : I

d.  Time setting: Using in house standard (0.2s) 

 A
ratioCTZV

PI
n

n
St 2

3

_

1

%3

100







in house standard

TT: Temporary setting value 
Pn: Base capacity 
Vn: Base voltage
%Z: Percent impedance

5.1 ITT

c. Calculation of short circuit current at the
terminal point of distribution line

d.  Checking the short-time allowable current 
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Sample Relay Setting of Phase fault relay

%Z
Back impedance: j1.05
Transformer impedance: j7.55,

OCR66kV
6.6kV

800A

CB

300A

VS

CV150mm2
330A

OE60mm2
230A

load

CT
400/5

(a) 150% of  maximum allowable current = 230A * 150% * (5/400) = 4.31 (A)
(b) Temporary setting value: 5 A ( 5 > 4.31 )

Setting value: 4,5,6 A

(c) Check the distribution line end fault
%Z = j1.05 + j7.55 + (9.75 + j15.27) = 9.75 + j23.87 = ((9.75)2 + (23.87)2)-0.5 = 25.78%

Distribution line impedance: 9.75 + j15.27

Phase fault current (2phase) = (10 * 100) / 25.78 * 1 / (√3 *6.6) * √3 / 2 = 2.94 (kA)
2940 / 400 *100 = 735 (%) > 150(%)

(d) Setting value: 5 A
(d) Setting Time: 0.2s (Standard)
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Example of the time coordination

・Incomer feeder OCR: 0.7～0.75 s
・Outgoing feeder OCR: 0.2 s
・Customer OCR: 0.15 s

Combination of high-speed relay and time-lag relay

Combination of induction disc type relay

Example of the time coordination

0.30.52

1.1
0.8

0.2
Time setting

0.34
0.33

-1
Time lagStep

0.40.62

1.5
1.0

0.2
Time setting

0.54
0.43

-1
Time lagStep
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Phase-to-Ground Fault Protection
for the 6.6kV system

DEF and OCGR is applied for the protection of the 
6.6kV system against phase-to-ground fault.

(same as the 66kV system)

Time Coordination
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Hardware Design

CBCT

VTBusbar

Relay unit
Trip circuit

Fail safe
element

Main
element

Avoid malfunction cased by single failure mode of hardware

Separate hardware 
assigned for main relay 
and fail safe relay 
elements including 
input and trip output 
circuits
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Hardware Design

Radio Noise Interference

No maloperation under the following radio noise conditions
• 5W transceivers with 150MHz and 400MHz
• Mobile phone with 900MHz
• Edge of antenna directly touches or becomes close to 

the relay
Measures to avoid maloperation

•Shield printed circuit boards
•Lower power source impedance (Thicker pattern)
•Appropriate component layout to minimize circuit length
•Application of appropriate parts such as bypass capacitors 
for absorbing noise
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Hardware Design

DC Supply Fluctuation

When voltage fluctuation including ON/OFF switching is 
detected on DC supply circuit, trip circuit shall be blocked

Fail safe
element

Main
element

&

&

Power supply
abnormal detection Trip circuit

Out of 
80% - 130%

110 V
24V
5V
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Hardware Design

DC Supply (Ground Fault)
When DC supply circuit touches earth circuit, malfunction 
shall be prevented

Other Relay
(make contact

for trip)

X1

X2CB

Cable

N

P

TC

Ground
fault

Charging current

 Dual coil allocation for trip 
signal receiving circuit from 
another relay

 Effective in either P or N 
polarity grounding

 Downgrade of relay 
sensitivities
 Voltage: 30- 40V
 Current: >80mA
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Hardware Design

DC Supply (Contact with AC circuit)
Measure to avoid malfunction when AC circuit comes into 
contact with DC circuit

 Insert diodes in series to 
block simultaneous 
operation of both auxiliary 
relays, X1 and X2

 Similar effect against 
alternating grounding of DC 
circuit

X1

X2

AC
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Hardware Design

DC Supply (Contact with AC circuit)

Take care of coordination between operation and reset times 
for X1 and X2

X1

X2

Half cycle
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Operation Principles

Static Type (Module Composition) Digital Type
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Operation Principles

Patterned hardware
Smaller test set, and 
further extended inspection 
interval compared to static 
type

Not patterned hardware
Smaller test set, and 
extended inspection 
interval compared to 
electromagnetic type

Not patterned hardware
Large-size test set for 
test input
Small inspection 
interval

Maintenance

No deterioration with age 
in calculation error
Enhanced automatic 
monitoring

Lowered reliability due to 
increased electronics 
parts
Automatic monitoring

Effect from a change in 
circuit constant and 
mechanical condition
No automatic 
monitoring

Reliability

More stable calculation, 
more complicated 
characteristics, and faster 
speed than static type

Higher sensitivity, more 
complicated 
characteristics, and 
faster speed than 
electromagnetic type

Limited to simple 
characteristics
Limited speedFunction

Digital TypeStatic TypeElectromagnetic

△

△

×

○

○

○

◎

◎

◎
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New technology in Japan
Spot Network System

High Reliability

• Each customer is connected to 
the network through three 
feeders.

• Loading level of one distribution 
line is limited within 67% of its 
capacity, so there is no power 
outage under N-1 contingency.
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New technology in Japan 
Spot Network System

Protector fuse is applied for the protection 
against phase-to-phase fault

Network Relay
Reverse Power Cutout
Automatic Reclose

 
©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

Namesame
Kadrinche
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1000kV 500kV 275kV 154kV 66kV 22kV 6.6kV 200/100

TEPCOTEPCO’’s voltage criterias voltage criteria

Distribution
division

Local

Urban

Area

1. Outline of TEPCO1. Outline of TEPCO’’s distributions distribution
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Contract demand Electric supply method Application 

Less than 50 kW

50 - 2,000 kW

2,000 - 10,000kW

10,000 - 50,000 kW

Over 50,000 kW

・AC100V １-phase 2-wire system 
・AC100V/200V -phase 3-wire 
system
・AC200V 3-phase 3-wire system

・AC6.6kV 3-phase 3-wire
・*22kV in high density demand 
area (Over 500kW) 
・AC22kV or 66kV 3-phase 3-wire 
system

・AC 66kV 3-phase wire system

・AC 154kV 3-phase wire system
- Large size factory
- Substation for train 

- Large size building and factory
- Substation for train 

- Large size building and factory
- Department store
- Pump station
- Sewage treatment factory 

- Medium size factory, building
- Large size shop
- Pump station 

- Residence
- Small factory, office / 
commercial building 

1. Outline of TEPCO1. Outline of TEPCO’’s distributions distribution

Power supply method by the contract demandPower supply method by the contract demand
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Supply reliability
Securing of social security

Stable Power Supply keep appropriate voltage

Thorough demand trend and grasp of the 
facilities actual situation and feasibility study

Middle and Long term  
planning

System coherent way 
of thinking

Securing of service level
Cooperation with the 
community

Maintenance operative cooperation 
with aspects of facilities

Improvement of the 
investment efficiency

2. Distribution grid System Planning2. Distribution grid System Planning

What is distribution system planning?What is distribution system planning?

Basic concepts: Effective investment Basic concepts: Effective investment 
(Reduce total system cost)(Reduce total system cost)
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 Stable power supplyStable power supply
Stable frequency and voltage, suppression harmonics Stable frequency and voltage, suppression harmonics 

distortion and  flicker, continuously power supply etc.distortion and  flicker, continuously power supply etc.

 System ReliabilitySystem Reliability
decrease or maintain low level SAIFI and SAIDI indexdecrease or maintain low level SAIFI and SAIDI index

 Maintain appropriate supply voltage (LV)Maintain appropriate supply voltage (LV)
follow (national) regulationsfollow (national) regulations

2. Distribution grid System Planning2. Distribution grid System Planning

-- Technical solutions Technical solutions --
Distribution  system configuration Distribution  system configuration 
Distribution equipment specification R&DDistribution equipment specification R&D
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S
A
IF
I（
ti
m
e
s
）

S
A
ID
I（
m
in
）

TEPCO’s Historical Trend of SAIDI and SAIFI

Insulated Wire

Lightning Protection Measures

Distribution Automation System

Earthquake

Contribute to Higher Reliability

FY

3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)
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Duration  =                                [minutes]Total minutes of forced outages
Total numbers of households 

receiving residential lighting services

Frequency  =  [Times]Total number of times of forced outage
Total numbers of households receiving 

residential lighting services
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Reference3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Earthquake
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Distribution System configurationsDistribution System configurations

Improvement of DistributionDistribution
Equipment Specification

LV cable
6kV cable for feeder

From substation

LV branch box Pad-mounted 
transformer

Cabinet

6kV Multi-switch

LV cable
6kV cable for feeder

From substation

LV branch box Pad-mounted 
transformer

Cabinet

6kV Multi-switch

Rerationing Rerationing 
each other each other 
stronglystrongly

3. Improvement of System Reliability 3. Improvement of System Reliability 
(Shortening of the power outage)(Shortening of the power outage)
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History of TEPCO Distribution System
Individual Distribution System (No Interconnection)

Multi-Dividing & Multi-Connecting (MD-MC) System
・ Immediate Isolation of Fault Section 

by Time-Limit Changeover Device
・ Minimizing Power Interruption Area in the event of Fault

Distribution Automation System [DAS]

Further Reliability Improvement 
・ Main & Reserve System
・ Loop System (Closed)
・ Spot Network (SPN) System  (22kV only)

・ Remote Operation of Switches based on MD-MC System
・ Effective Use of  Facilities (Maximizing Loading Level)
・ Minimizing Power Interruption Area in the event of Fault

3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Distribution System configurationDistribution System configuration

Same as BPCSame as BPC’’s  s  
current system current system 
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Multi-Dividing & Multi-Connecting System
○ Dividing a distribution line into several sections
○ Installing interconnection switches to each sections with other system

S/S

Other System (distribution line)

ON ON ON

OFF = Interconnection Switch

OFF (IS)
OFF(IS)

S/S

Other System

Other 
systemON OFF

OFF (IS)

OFF (IS)
OFF ON (IS)

Minimizing 
blackout section 

Fault section

Power Supply
from Other System

Other System (distribution line)

Other System (distribution line)

Other System
(distribution line)

3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Distribution System configurationDistribution System configuration

For minimization of the blackout section at the time of fault
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Example of TEPCO’s multi dividing and multi connecting system
(6.6kV over head line) Note 

- Large Capacity: 6-dividing 3-connecting system
- Normal Capacity: 3-dividing 3-connecting system 

Line (feeder) A
(NC) Line C (NC)

Line (feeder) B
(LC)

1st section

Line (feeder) C
(LC)

1st

2nd section

3rd section
3rdt section

：Section SW (normally CLOSE)
：Power feeding line from S/S

：Distribution line

：Section SW (normally OPEN) *Interconnection Switch
：Section SW (normally CLOSE) 

3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Distribution System configurationDistribution System configuration

2nd 3rd 4th 5th 6th

1st
2nd 3rd

4th
5th 6th
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1st. 
Section

3rd. 
section

2nd. 
section

4th. 
sectio

n

5th. 
sectio

n

6th. 
section

Interconn
ection  

Point ③

Interconn
ection 

Point ①

Reference3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

6.6kV Overhead Distribution System: 6-Devided 3-Connected

Interconn
ection 

Point ②

Feeding 
line

-- Note Note --
This database  has This database  has 
Same function as GISSame function as GIS

Distribution System configurationDistribution System configuration
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Example of TEPCO’s multi dividing and multi connecting system
(6.6kV underground line)

Rated current  
600A

Rated current
400A

Multi switch

Source

1st section

2nd section

3rd section

4th section

SW (normally OPEN) Multi switch

Multi switch

Source

Source

1st section

2nd section

1st section

2nd section

3rd section

4th section

3rd section 4th section

3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Distribution System configurationDistribution System configuration
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Reference

6.6kV Underground Distribution System ： 4-Deviding 2-Connecting

1st. 
Section

3rd. 
section

2nd. 
section

4th. 
sectio

n

Interconnection  Point 
① ： System Ａ

Interconnection Point 
① ： System Ｂ

Interconnection  Point 
② ： System A

Interconnection Point 
② ：System Ｂ

3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Feeding 
line

Distribution System configurationDistribution System configuration

-- Note Note --
This database  has This database  has 
Same function as GISSame function as GIS
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Loading Level and System Operation 
in 6-Devided 3-Connected System

150A
150A

150A

150A 150A

450+150       
= 600/600A

150A

150A
450/600A

450+150
= 600/600A

○ Continuous Current Rating; 450A, Loading Level ; 75% (450/600)
○ Over Load Current Rating; 600A
○ Single Step Switching to Neighbor Distribution Line

150A
150A

150A

: Feeding Cable

: Section Switch 
(closed)
: Section Switch 
(open): Section Switch 
(closed)

3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Distribution System constitutionDistribution System constitution

Reference
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Source

Source

Multi switch

Source

100+100 = 200A

100A100A

100A

100A
Demand re-dispatching

100+100
= 200A

400+200
= 600A（100%）

400+200
= 600A

100A

100A

100A

100A

Line fault

Multi switch

Multi switch

Example of the operation rate and system operation of 4 
divide  and 2 connected system.
• Continuous capacity： 400A (operation rate: 67%)
• Connection change near distribution line
*automatically or manually

3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Reference
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85A

85A

85A

85+85A 85A

510+170－85 
=595/600A

170A

85A510/600A

85A85A
85A

85A
85A

510+85=595/600A

510+85=595/600A

: feeder

: trunk line SW

: connection line SW
Feeder A

Feeder B

Feeder C

Feeder E

Feeder F

Feeder D
Remote controllable auto SW

3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Distribution System configuration (DAS: Distribution Automation Distribution System configuration (DAS: Distribution Automation System)System)

The System calculate re-dispatching 
method and done switching 
automatically in case of fault occurs

- Automatic Switching (fault condition)
- Manual Switching (planned)

 

2013TEPCO,  All Rights Reserved.

The number of customers supplied power quickly The number of customers supplied power quickly 
has increased to 2.5 times before DAS.has increased to 2.5 times before DAS.

Interruption duration after DAS has been reduced to Interruption duration after DAS has been reduced to 
approximately 10% (average) before DAS. approximately 10% (average) before DAS. 

4min  4min  24min          42min               73min24min          42min               73min
Arrival at SiteArrival at Site Restoration TimeRestoration Time
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Switching TimeSwitching Time
Before DASBefore DAS

①①

②②

④④

⑤⑤

3,0003,000
2,5002,500
2,0002,000
1,5001,500
1,0001,000
500500

00

4min  6min  24min              55min4min  6min  24min              55min
Arrival at Site  Arrival at Site  Restoration TimeRestoration Time

①①

②②

③③

④④

⑤⑤

⑥⑥

Minimizing  Minimizing  
Restoration TimeRestoration Time

After DASAfter DAS
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Minimizing Power Interruption Area & Restoration Time (example)

①① ②② ③③ ④④ ⑤⑤ ⑥⑥

Circuit Breaker Circuit Breaker 
(CB)(CB)

⑥⑥

③③

18 min18 min

Reference3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Distribution System configuration (DAS: Distribution Automation Distribution System configuration (DAS: Distribution Automation System)System)
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3. Improvement of System Reliability 
(Shortening of the power outage)Shortening of the power outage)

Distribution SS Distribution SS

22kV distribution system (underground): apply it restrictively in a high 
demand density area in Tokyo.

Distribution SS

customer

3 circuit

Main & reserve System Loop system Spot Network system

2 circuit 
Operation rate: 50%

3 circuit
Operation rate: 67%

customer

customer

customer customer

customer

customer

customer customer

customer

customer

customer
customer

customer

customer

customer

customer

customer

customer

customer customer

customer

customer

customer

Operation rate: 50%
Operation rate: 67%

xx xx xx

Power providing from another feederPower providing from another feeder

Distribution System configurationDistribution System configuration

 
 
 

 

2013TEPCO,  All Rights Reserved.

4. Improvement of System Reliability 4. Improvement of System Reliability 
(Fault Prevention Measures)(Fault Prevention Measures)

Distribution System configuration Distribution System configuration 
& & Improvement of DistributionDistribution Equipment Specification
Lightning Protection

Arrester
Overhead Grounding Wire

Air Switch with Built-in Arrester

Solid Type 6kV Tension Insulator

Pole Transformer with Built-in Arrester

6kV Discharge Clamp 
Insulator with built-in arrester

Built-in Arrester

Countermeasures are Based on statistics and 
analyzing of fault causes

Built-in ArresterDifference insulating strength  

2013TEPCO,  All Rights Reserved.
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Ratio of Discharge Clamp Insulator installation (%)

○ 6kV Discharge Clamp Insulator

4. Improvement of System Reliability 4. Improvement of System Reliability 
(Fault Prevention Measures)(Fault Prevention Measures)

Lightning ProtectionLightning Protection
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- Transformers with built-in arrester 
are used in TEPCO in case of new installation. 
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Ratio of Built-in Arrester (%)

Complete Installation Year
A lot of Lightning Area      - 1995 
Tokyo Metropolitan Area  - 1993 

4. Improvement of System Reliability 4. Improvement of System Reliability 
(Fault Prevention Measures)(Fault Prevention Measures)

Lightning ProtectionLightning Protection

Built-in 
Arrester
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4. Improvement of System Reliability 4. Improvement of System Reliability 
(Fault Prevention Measures)(Fault Prevention Measures)

Contact protectionContact protection
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4. Improvement of System Reliability 4. Improvement of System Reliability 
(Fault Prevention Measures)(Fault Prevention Measures)

Distribution S/S
(distribution line feeder)
• Over Current Relay
• Directional Ground  Relay
- Directional Earth Relay
- Voltage detecting Relay

• Reclose Relay

Over 50kW 
customer
(6kV supply)

Less than 50kW 
(100/200V supply)

MV distribution line (6kV)

Pole mounted SW

Pole mounted 
Transformer
•Cutout fuse

LV 3 phase line 200V or 1 
phase line 100/200V

Fault protection equipment (coordination)Fault protection equipment (coordination)

Customer (Power company's facility)
Service Breaker
(less than 50kw) 

LV Lead in (Service) wire
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5. Maintain appropriate Voltage5. Maintain appropriate Voltage

Standard voltage Sustaining voltage 

100 V 101 V±6 V
200 V 202 V±20 V

The LV supply Voltage regulationThe LV supply Voltage regulation

※※ The MV supply voltage does not have the national regulation.The MV supply voltage does not have the national regulation.

Voltage Maintaining by distribution division

Japanese electric power supply regulationJapanese electric power supply regulation

Keep sustain appropriate Voltage
• Supply Voltage control on the S/S (LDC: Line voltage drop 
compensator)
• Management of pole Transformer tap
• countermeasures distribution line facility (MV & LV line, service wire 
etc.)

 2013TEPCO,  All Rights Reserved.

Distribution substation

Over 50kW 
customer
(6kV 
supply)

LV 3 phase line
200V

Under 50kW 
(100/200V 
supply)

LV Lead in (Service) wire

MV distribution 
line (6kV)

UG cable line  (6kV)
Pole mounted 
SWUG distribution line

Pole mounted 
Transformer

LV 1 phase line
100/200V

We should maintain LV voltage with this point

5. Maintain appropriate Voltage5. Maintain appropriate Voltage
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Lead in (Service) wireLead in (Service) wire Property border pointProperty border point
(wire connecting point)(wire connecting point)

We should keep sustaining voltage  this pointWe should keep sustaining voltage  this point

Power SourcePower SourceCustomer SideCustomer Side

Indoor wireIndoor wire
(Customer(Customer’’s) s) 

Lead in (service) wireLead in (service) wire
(Power company(Power company’’s)s)

Indicator tapeIndicator tape

Standard voltage Sustaining voltage 
100 V 101 V±6 V
200 V 202 V±20 V

5. Maintain appropriate Voltage5. Maintain appropriate Voltage
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Circuit breaker 
(CB)

MV VoltageMV Voltage

Distribution line distance (length)Distribution line distance (length)

LV VoltageLV Voltage
(Tr secondary side)(Tr secondary side)

Distribution line distance (length)Distribution line distance (length)

Fair LV Voltage rangeFair LV Voltage range

No goodNo good

CurrentCurrentS/SS/S
Distribution LineDistribution Line

-- Note Note --
S/S transformers equipped LTC. S/S transformers equipped LTC. 
Always controlling feeder Voltage.Always controlling feeder Voltage.

5. Maintain appropriate Voltage5. Maintain appropriate Voltage
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MV VoltageMV Voltage

Distribution line distance (length)Distribution line distance (length)

LV VoltageLV Voltage
(Tr secondary side)(Tr secondary side)

Distribution line distance (length)Distribution line distance (length)

Fair LV Voltage rangeFair LV Voltage range

No goodNo good

Current Current 
-- Transformer Voltage tap adjustmentTransformer Voltage tap adjustment

Tr tapTr tap

Distribution LineDistribution Line

Circuit breaker 
(CB)

S/SS/S

5. Maintain appropriate Voltage5. Maintain appropriate Voltage
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MV VoltageMV Voltage

Distribution line distance (length)Distribution line distance (length)

LV VoltageLV Voltage
(Tr secondary side)(Tr secondary side)

Distribution line distance (length)Distribution line distance (length)

Fair LV Voltage rangeFair LV Voltage range

No goodNo good

Current Current 
-- Transformer Voltage tap adjustmentTransformer Voltage tap adjustment

Tr tapTr tap

Distribution LineDistribution Line

Circuit breaker 
(CB)

S/SS/S

5. Maintain appropriate Voltage5. Maintain appropriate Voltage
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MV VoltageMV Voltage

Distribution line distance (length)Distribution line distance (length)

LV VoltageLV Voltage
(Tr secondary side)(Tr secondary side)

Distribution line distance (length)Distribution line distance (length)

Fair LV Voltage Fair LV Voltage 
rangerange

Current Current 

-- Step Voltage Regulator on the MV lineStep Voltage Regulator on the MV line
and Transformer Voltage tap adjustmentand Transformer Voltage tap adjustment

SVRSVR

Circuit breaker 
(CB)

S/SS/S

5. Maintain appropriate Voltage5. Maintain appropriate Voltage
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-- another countermeasuresanother countermeasures

 Increase MV line cross section conductorsIncrease MV line cross section conductors
 Increase MV line lengthIncrease MV line length
 Divide demandDivide demand
 Establish new distribution lineEstablish new distribution line
 Establish new substation Etc.Establish new substation Etc.

5. Maintain appropriate Voltage5. Maintain appropriate Voltage
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6. SummarySummary

Planning will be determined by the data of the current 
situation and Historical facts. Therefore, by recording 
various data( the cause of the accident, facilities, 
equipment etc.), analyze, and manage, please 
control the fact of BPC’s future.
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Thank you for your kind attention!!Thank you for your kind attention!!

 

 

 
Smart Grid (Overview of Smart Grid in TEPCO) 
 

TEPCO'sTEPCO's Challenges towards Challenges towards 
Smarter GridSmarter Grid

Copyright ©2013 Tokyo Electric Power Co.,Inc.All Right Reserved

 Service AreaService Area :
39,000 km2

• One-tenth of Japan’s land 
area

 PopulationPopulation : 45 million
 Electricity SalesElectricity Sales : 

270 billion kWh (FY 2011)
 Peak DemandPeak Demand :

64.3 GW (July 2001)
• One-third of Japan’s total 

demand
• 70% of the demand within a 

40km radius of Tokyo

May 14, 2013May 14, 2013

Masahiro Masahiro MyogaMyoga

Manager, Manager, 
Distribution DepartmentDistribution Department
Power Grid Company Power Grid Company 

Tokyo Electric Power Tokyo Electric Power Co.,IncCo.,Inc..

Position of TEPCOPosition of TEPCO
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• About 21GW of Nuclear, Thermal and Hydro power plants were damaged.
• In spite of early resumption and emergency installation of facilities, demand was 

forcefully restricted via rolling blackouts and legal measures.
• Given the insufficient supply capacity, electricity saving measures has been 

required since autumn of 2011.

1

60

Supply
Before 

the disaster
Just after 

the disaster
2011.3.11

Late in 
March 2011

2012FY

21GW 
down Average peak demand

(GW)

55GW
47GW

60GW

Early resumption etc

Rolling blackouts
and saving measures

38GW31GW

(1) Decreased supply capacity due to the earthquake(1) Decreased supply capacity due to the earthquake

Peak
Aug.30
Reserve

7%

50

40

30

20

10

2011FY

52G 50.78GW

Peak
Jan. 20
Reserve

8%

49.66GW
53.8GW

1. Change of Energy Supply and Demand Structure after     
the Great East Japan Earthquake
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2

Solar Power Generation installations (TEPCO)Solar Power Generation installations (TEPCO)

December, 2012December, 2012

Kawasaki-shi, 
Kanagawa

OhgishimaOhgishima Solar Power Plant 13,000kWSolar Power Plant 13,000kW

(2)(2) IIntegration of Renewable Energyntegration of Renewable Energy

（ December, 2012December, 2012 ）

［10MW］ ［1,000 cases］

［MW］ ［cases］ 372,000 cases372,000 cases
1,470 MW1,470 MW

1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake
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Purchase of Electricity from Solar and Wind Power (TEPCO)Purchase of Electricity from Solar and Wind Power (TEPCO)

Solar and Wind Power Solar and Wind Power 
FY2011:  1,190GWhFY2011:  1,190GWh

Experimental Study on OffshoreExperimental Study on Offshore Wind Wind 
Power Generation(2012.10 Power Generation(2012.10 --))

(C)NEDO

NEDO Funded research

620GWh
[Solar Power]
570GWh
[Wind Power]

FineFine

CloudyCloudy

1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake

Solar PowerSolar Power
Wind  PowerWind  Power

(FY)(FY)

[10MWh]

Visualization of 
photo-voltaics
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太陽光 風力 太陽光 風力 太陽光 風力 太陽光 風力 太陽光 風力

～2012.3 ～2012.6 ～2012.9 ～2012.11 ～2013.3(見込み)

（万kW）

太陽光（住宅） 太陽光（非住宅） 風力

FIT (Feed In Tariff)  system started from 2012.07

Installed capacity of PV & Wind in Installed capacity of PV & Wind in japanjapan

For integration of renewable 
energies, it is necessary to 

introduce stabilization methods into 
the power system. 

10 times the 
2005 level

(first target) 

Twenty times 
the 2005 level

Introduction target of 
PV is 28GW by 2020.

PV (Residential) PV (Others) Wind

WindPV WindPV WindPV WindPV WindPV
estimate

28GW

14GW

2.1GW
1.4GW

x 0.01GW

1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake
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Generation  Capacity Generation  Capacity 
per Energy Sourceper Energy Source

23 23
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需要抑制
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2

2
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2010 2011 2021

水力

石油

LN(P)G

石炭

入札電源

(石炭等)

その他

原子力

Electricity generatedElectricity generated

57%
64%

64%
82%

TEPCO including purchased power
(In accordance with our Comprehensive

Special Business Plan,FY2012)

* Units 1-4(2,812MW)at Fukushima Daiichi Nuclear Power 
Station were decommissioned As of the end of March 2012

※

(3)Changes in Power Output Composition per Energy Source(3)Changes in Power Output Composition per Energy Source
1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake

Hydro

Oil

Coal

Other

Nuclear

Hydro

Oil

Coal

Other

Nuclear

Demand 
restraint 

Bid
Bid

71%
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(4) Supply demand balance after the Great Earthquake(4) Supply demand balance after the Great Earthquake

10

20

30

40

50

60

70

Oil

LNG、LPG
Coal

(GW)

Pumped Storage

Storage

6 12 18 24

Renewables (Hydro, wind, etc)

Demand

Nuclear

Some urgently 
constructed plants

BeforeBefore
Low Carbon 

Society

After the earthquakeAfter the earthquake
Peak Shaving・Energy 

Efficiency

More use of IPP & 
Renewable Resources

+

Issues to be addressedIssues to be addressedIssues to be addressedIssues to be addressedIssues to be addressedIssues to be addressedIssues to be addressed
•• Shortage and uncertainty in Shortage and uncertainty in 

base load generation.base load generation.
•• Optimized usage of fossil fuelOptimized usage of fossil fuel
•• Integration of Integration of renewablesrenewables
•• Smart peak shaving and Smart peak shaving and 

energy efficiencyenergy efficiency
•• Diversified needs in energy Diversified needs in energy 

usage of usage of ““prosumersprosumers”” with with 
distributed generation and distributed generation and 
storage.storage.

1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake
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Smart grid in Smart grid in TepcoTepco

2. Towards optimization of energy usage with our customers      2. Towards optimization of energy usage with our customers      
and societyand society

A Platform to innovate energy service with customers and society and to 
improve energy efficiency and optimize usage via the coordination of 
demand and supply
ObjectiveObjective

To establish an advanced “smart grid”, in which both grid generators and 
customers are mutually coordinated, in order to  realize the following 
objectives as “a network service integrator”

 Provision of more options for customers to meet diverse needsProvision of more options for customers to meet diverse needs
 Various tariff and energy management services via business alliaVarious tariff and energy management services via business alliancesnces

 Additional reduction of peak demand and more efficient use of faAdditional reduction of peak demand and more efficient use of facilitiescilities
 Developments and proposals for new services with smart meters, eDevelopments and proposals for new services with smart meters, energy nergy 

solutions and so on.solutions and so on.
 Grid Integration of a large amount of renewable resources and Grid Integration of a large amount of renewable resources and 

coordination with oncoordination with on--site generation systemssite generation systems
 Enhancement of neutrality and fairness in network service divisiEnhancement of neutrality and fairness in network service divisions ons 

establishment of a network, in which efficiency and the reliabilestablishment of a network, in which efficiency and the reliability of facilities ity of facilities 
are improved by ICTare improved by ICT
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Image of the Image of the ““Smart GridSmart Grid””

Central 
dispatch center

WindWind

ICTICT

Wide area power 
system operation
Wide area power 
system operation

原子力

Smart BuildingsSmart Buildings

Mega solarMega solar
Smart HouseSmart House

EV ChargerEV Charger

ICTICT

Smart CondominiumSmart Condominium

Distribution SystemDistribution System

Power Line
ICT

Smart CommunitySmart Community

SolarSolar

EVEV

Infrastructure building  with 
Communities

Infrastructure building  with Infrastructure building  with 
CommunitiesCommunities

ThermalThermal
HydroHydro

NuclearNuclear

Integration of renewable 
and distributed resources
Integration of renewable 
and distributed resources

Modernization of DistributionModernization of DistributionModernization of Distribution

Community Energy ManagementCommunity Energy ManagementCommunity Energy Management

Sensor builtSensor built--in switchin switch

Smart Meter serviceSmart Meter serviceSmart Meter service

Distribution Distribution 
S/SS/S

BatteryBattery

Transmission Transmission 
SystemSystem

Sensor builtSensor built--in switchin switch
Control center

2. Towards optimization of energy usage with our customers and society

 



Copyright ©2013 Tokyo Electric Power Co.,Inc.All Right Reserved 9

1.  Efficient & optimized energy usage with customers and societ1.  Efficient & optimized energy usage with customers and society.y.

2.  Integration of renewable and distributed resources with the 2.  Integration of renewable and distributed resources with the 
help of the modernization of power networks.help of the modernization of power networks.

①① Active adoption of Smart Meters. / Expansion of new services.Active adoption of Smart Meters. / Expansion of new services.
②② Construction of DemandConstruction of Demand--Response program for efficient energy Response program for efficient energy 

usage with demand side & supply side.usage with demand side & supply side.
③③ Realization of Smart Communities/Towns with customers & areas.Realization of Smart Communities/Towns with customers & areas.

(1) Key concepts(1) Key concepts

①① Upgrading distribution network by taking advantage of ICT.Upgrading distribution network by taking advantage of ICT.
②② Widening of power system operation.Widening of power system operation.
③③ Development of nextDevelopment of next--generation transmission & distribution generation transmission & distribution 

network system concerned with integration of residential PV.network system concerned with integration of residential PV.
④④ Development of integrated control of battery energy storage.Development of integrated control of battery energy storage.

3. Efforts in realize 3. Efforts in realize ””Smart GridSmart Grid””
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(2) Positive introduction and practical use of a smart meter sys(2) Positive introduction and practical use of a smart meter system tem 
3. Efforts in to realize ”Smart Grid”

I.I. Active adoption of Smart Meters / Expansion of new servicesActive adoption of Smart Meters / Expansion of new services
The advantage of smart meter implementationThe advantage of smart meter implementation (27 million sets)

Operation cost reduction

Wider Tariff choices 

The visualization of power consumption data
Demand control by two-way communication

Operational reforms
Better customer service
Cut back on investments 

by DSMCreation of new value-added service

RFP : Request For Proposal

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Meter Meter 
installationinstallation

6千台 30万台 160万台 320万台 320万台 320万台 320万台 320万台 320万台 320万台 320万台 320万台

The deployment prospect of smart metersThe deployment prospect of smart meters

About 2 million setsAbout 2 million sets About About 55 million setsmillion sets About About 1414 million setsmillion sets

It exchanges according to a legal term etc. 

Smart Meter installationSmart Meter installation

Deployment of new serviceDeployment of new serviceDeployment of new service

Mechanical meter

About About 2727 million million setssets
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The image of the functions realized by smart meter introductionThe image of the functions realized by smart meter introduction

HEMSHEMS

EV

Visualization
（From Web）
Visualization
（From Web）

Safety confirmation
service for elderly people

Safety confirmation
service for elderly people

Smart MeterSmart Meter

Energy Saving ConsultantEnergy Saving Consultant

Energy
Saving

Consultant

Server (Other
Company)

Energy
Saving

Consultant

Server (Other
Company)

Energy
Saving

Consultant

Server (Other
Company)

Visualization Information
Distribution (Direct 

Distribution)

Visualization Information
Distribution (Direct 

Distribution)

Storage battery

Breakdown  of Service Breakdown  of Service 
StructureStructure

Tokyo Electric
Power

Company

Cell
Phone

Internet

Automatic 
meter reading

Automatic 
meter reading

Demand responseDemand response

Cell
Phone

Internet

Switch Function

Measurement Function

3. Efforts to realize a ”Smart Grid”
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[MW]

2,290
2,450

Investment 
reduction of 
equipment

Small Scale Business  & 
Residential 

Large Scale C & I 

Fiscal Year

4% in 4% in 
peak peak 
demanddemand

Reduce 
required 
installed 
capacity

Planned Demand Response in Demand-Supply Plan

II.II. Construction of DemandConstruction of Demand--Response program for efficient energy Response program for efficient energy 
usage with demand side & supply sideusage with demand side & supply side

3. Efforts in to realize ”Smart Grid”
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<DR for Residential Customers in YSCP>

DR Signal
Measured Data

kW

TimeTime

Yen／kWh

CPP (Critical Peak Pricing)CPP (Critical Peak Pricing) PTR (Peak Time Rebate)PTR (Peak Time Rebate)

・Measurement and Verification of Demand Response (DR)                   
in the Yokohama Smart City Project (YSCP)

kW

Time
Peak Time

Research on Introducing Dynamic Pricing for Residential Customers

Peak Time Peak Time

HEMSHEMS
In-Home 
Displays

Smart Meter

Server

Customers are Provided a Rebate Customers are Provided a Rebate 
for Reductions in Consumption.for Reductions in Consumption.

13

3. Efforts in to realize ”Smart Grid”
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Demand Response
Activation Server

DR AggregatorTEPCO Customer

DR Activation Signal
DR Activation Signal

Payment

Contract

Convenience store

Factory

Office

Family restaurant

Supermarket

Small Factory

Request of Demand ResponseRequest of Demand Response

1 Preliminary 
announcement 
time

2 Start  time 3 End time

DR Activation Signal

4 Price   signal

3. Efforts in to realize ”Smart Grid”
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太陽光発電の出力変化

 Intermittent output of PV and wind power is subject to weather condition

PV outputPV outputOutput divided 
by rated capacity 

[%]

[hour]Source: Energy White Paper, METI

Clear

Cloudy

Rainy

[day]

Grid Intermittent output of PV and wind PowerIntermittent output of PV and wind Power

(3) Integration of renewable and distributed resources by (3) Integration of renewable and distributed resources by 
modernizing power networksmodernizing power networks

Output divided 
by rated capacity 

[%]

Wind power outputWind power output

Source: Tappi Wind Park, Aug 1999

Network Reinforcement is required for more RE integration to realize 
interactive coordination between grids and generators
→Smart Grid with interactive communication

Much discussion is needed to decide who should pay the 
reinforcement costs

3. Efforts in to realize ”Smart Grid”
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Integration of Renewable EnergyIntegration of Renewable Energy
ChallengesChallenges SolutionsSolutions

VoltageVoltage

Overvoltage on distribution systemOvervoltage on distribution system
 Voltage rises at the end of the 

distribution lines due to renewable 
energies

・Additional transformers
・Installation of voltage regulators

FrequencyFrequency

Absorption of surplus powerAbsorption of surplus power
 PV output causes surplus power during 

off peak demand period

・Curtailment of PV
・Electrification
・ Widening of power system operation

Improvement in output estimationImprovement in output estimation
 How to estimate intermittent output

・Estimation of intermittent output

Sufficient frequency control capabilitySufficient frequency control capability
 Insufficient frequency control of 

generation system due to renewable 
energies

・Integrated system of batteries for 
generation control

・ Widening of power system operation

Developing

Developed

3. Efforts in realization of ”Smart Grid”
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 Introduce additional transformers for LV system (100 V)
 Introduce voltage regulators for MV system (6.6 kV)

Output Output 
curtailmentcurtailment

107V

95V

107V

95V

SVR, SVC 
for DG

・Introduce voltage regulator

LV (100 V)
Countermeasures

LV (100 V)LV (100 V)
CountermeasuresCountermeasures

・Introduce small capacity 
transformers

107V

95V

Chosen by costChosen by cost--benefit performancebenefit performance

MVMV
(6600V)(6600V)

LVLV
(100V)(100V)

Voltage Control for Distribution LinesVoltage Control for Distribution Lines Step Voltage Regurator (SVR)

Voltage of LV system

MV (6.6 kV)
Countermeasures

MV (6.6 kV)MV (6.6 kV)
CountermeasuresCountermeasures

3. Efforts in realization of ”Smart Grid”
I.I. Upgrading distribution network by taking advantage of ICTUpgrading distribution network by taking advantage of ICT
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Optimization of Distribution NetworkOptimization of Distribution Network

:Communication line

 Remote setting for Remote setting for 
control devicescontrol devices

東京電力

:Sensor built-in switch

Monitoring data

Measurement 
Data (V, I, etc)

New informationNew information
＜＜OfficeOffice＞＞

DG

・Securing power quality using measurement data (V, I) for RE integration study
・Quick fault detection and prompt restoration to prevent faults
・Improvement of efficiency using the remote control

Substation

SVR, etc

Wind, PV

Smart meter

Merits of monitoring and control system with sensor builtMerits of monitoring and control system with sensor built--in switchin switch

:Distribution Line
 Installment of batteries for distribution Installment of batteries for distribution (under consideration(under consideration））

＜＜Modernization of DistributionModernization of Distribution＞＞

 Prompt system Prompt system 
impact study for impact study for 
interconnectioninterconnection

 Fault point Fault point 
detection by detection by 
monitoring V0, I0monitoring V0, I0

 Switching based on Switching based on 
phase angle phase angle 
measurementmeasurement

3. Efforts in realization of ”Smart Grid”
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Demonstration project of forecast technologies for photovoltaic Demonstration project of forecast technologies for photovoltaic generationgeneration

Pyranometer
Thermometer
locations (image)

～ －

Pyranometer

Thermometer

PV panels

PV power

Demand

Demand - generators' power

PV
 P

ow
er

 e
st

im
at

io
n 

/f
or

ec
as

tin
g

(Decreased PV power)

Source: Japan 
Meteorological Agency

19

◆◆Forecasting  PV power in order to Forecasting  PV power in order to maintain the power qualitymaintain the power quality

Py
ra

no
m

et
er

da
ta

 Development of a method to estimate the current photovoltaic power generation output 
from weather data or sunlight data

 Develop method to forecast the photovoltaic power generation output

m
et

eo
ro

lo
gi

ca
l d

at
a

(Increase generators' 
power)

3. Efforts in realization of ”Smart Grid”
II.II. Development of nextDevelopment of next--generation transmission & distribution generation transmission & distribution 

network system concerned with integration of residential PVnetwork system concerned with integration of residential PV
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Demonstration Projects for Next Generation Demonstration Projects for Next Generation 
Optimum Control of Power Transmission and Optimum Control of Power Transmission and 

Distribution NetworkDistribution Network
 Development of voltage regulating devices and control methods for distribution network
 Development of control method of power grid operation in cooperation with customers

Image of optimum control power network by both Image of optimum control power network by both 
supply side and demand sidesupply side and demand side

substation

Central 
power 
plants

pumped 
hydro Mega solar

Wind turbines

Demand side

battery

PV

PCS

Heat Pum
p

demand

EVHeat load

battery

Smarter monitoring 
& control

Smarter monitoring 
& control

Optimum control of the voltage 
on the distribution network

Smart Interface

Distribution 
NW

supply side and demand side
Optimum control of transmission network with control of demand side

Transfor
mer

Smarter monitoring Smart Interface

SVR

STATCOM Loop 
controller

Transmission NW Heat storage

Renewables(Htdro,Wind)

Nuclear

Oil,Coal,LNG,LPG

0 12 186

PV
Demand Curve

Surplus Power

24
time

3. Efforts in realization of ”Smart Grid”
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■■Battery SCADA enables the System Operator to control Multiple Dispersed 
Batteries as a Virtual Large Battery. 

Distribution System

Utility-side Batteries

Thermal Power

SubstationICD
System

ICD
System

CustomerCustomer--side Batteriesside Batteries

Battery Battery SCADASCADA

Hydro Power

Demonstration Center

Functions of Battery SCADA
Load Frequency Control
Daily Demand & Supply Balance
Spinning Reserve

Virtual LargeVirtual Large
BatteryBattery

SCADASCADA: Supervisory Control And Data Acquisition, ICD: Information Collection & Distribution

Central Loading 
Dispatch Center

Power System

Information Network

Transmission System

Connecting to
Batteries of 

SHARP & SONY

III.III. Development of integrated control of battery energy storage Development of integrated control of battery energy storage 
3. Efforts in realization of ”Smart Grid”
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Battery SCADABattery SCADA

Control room

YSCP Demonstration CenterYSCP Demonstration Center

Battery Containers

HITACHI
250kW/51kWh

or
100kW/100kWh※1

MEIDENSHA
/NEC

250kW/
250kWh※1

TOSHIBA 300kW/
100kWh※2

※1：nominal capacity ※2: operational capacity

Lithium ion Batteries of
HITACHI, MEIDENSHA/NEC, TOSHIBA from the right

3. Efforts in realization of ”Smart Grid”
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4. Conclusions4. Conclusions

1. Efficient & optimized energy usage with customers and society1. Efficient & optimized energy usage with customers and society

2. Integration of renewable and distributed resources with the h2. Integration of renewable and distributed resources with the help elp 
of the modernization of power networksof the modernization of power networks

Integration of RES DER,Integration of RES DER,

New Supply CapacityNew Supply Capacity

① Supply Side① Supply Side ② Demand Side② Demand Side
Various energy services,Various energy services,

Efficient energy usageEfficient energy usageX

-- Innovate our energy services with our customers and societyInnovate our energy services with our customers and society
-- Realize a platform that enables efficient and optimized energy Realize a platform that enables efficient and optimized energy 

usage with a demand and supply side perspectiveusage with a demand and supply side perspective

“Smart Grid”

Ｓ++３Ｅ３Ｅ
AchievementsAchievements

Flexible & RobustFlexible & Robust

Change in Demand-Supply StructureChange in DemandChange in Demand--Supply StructureSupply Structure

・・ Energy securityEnergy security
・・ Environmental                Environmental                

conservationconservation
・・ EconomyEconomy

SafetySafety

 

Copyright ©2013 Tokyo Electric Power Co.,Inc.All Right Reserved

What is your smart grid? What is your smart grid? 

What do you think? What do you think? 
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What is your smart grid? What is your smart grid? 
★NISSAN LEAF★SUBARU Plug-in Stella

★MITSUBISHI i-MiEV

★HONDA Fit EV

★TOYOTA eQ

★ CHCHAAdeMOdeMO DC DC FFast ast CChargerharger
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Presentation Materials of fifth Workshop  
 
 
Priority Issue Solving 
 

1

Issue Solving Activity

July 2013
Tokyo Electric Power Company

 2

Relationship between Supplier 
and Customer

In case of general products
 Customer selects the product (supplier)

In case of power sector
 General customers have no choice to select their 

supplier
 Most citizens have no choice but to purchase the 

product (electricity) with determined cost and 
quality

Less incentive for power suppliers to improve 
the power quality or customer satisfaction

 
3

Efficiency
(Cost Reduction)

Reliability Customer 
satisfaction

When improving the 
reliability, more cost 

is required and 
efficiency will 
deteriorate

If reliability is improved, the customer 
satisfaction will be improved

To reduce electricity 
tariff will contribute to 

improvement of CS

Excessive pursuing of 
efficiency will lead to 
deterioration of CS

Major Three Factors that Power Sector shall aim
Be gradually improved in well balance

 

4

Opportunities to utilize TQM 
Activity 

Improvement of system reliability or 
customer satisfaction with less investment
 There are some measures by ingenuity without so 

much investment.
Efficient Investment
 Plan with higher effect shall be prioritized

Improvement of work efficiency
 Spare power can be utilized to improvement of 

system reliability or customer satisfaction

 5

Situations Surrounding Power 
Company

Customer

Management

Employees

Power Company

Customer 
Satisfaction

Better Working 
Environment
(Employees' 
Satisfaction)

Improvement in 
Management 

Efficiency

 Higher Reliability
 Appropriate Tariff
 Better Services

 Higher Salary
 Motivation
 Less Overwork Time

 Efficient Management

 
6

Manager’s Role & Responsibility

Management
Policy / Goals
Management
Policy / Goals

Performance
Evaluation

Performance
Evaluation

IssuesIssues

Group 
Targets & Plan

Group 
Targets & Plan

ImplementationImplementation

Performance
Evaluation

Performance
Evaluation

Feedback to
Targets/Plans
Feedback to

Targets/Plans Corporate
Targets

 
 

7

What is Priority Issue (PI) 
Solving Activity?

 
8

Objectives

The active and proper contributions of the 
middle-class managers are indispensable to 
improving the management situations at your 
office.
The main objective is to enable the middle-
class managers to tackle…
 Issues/problems to achieve their group targets / 

the management goals
 Issues/problems that are significant in their 

working places

 
9

Flow of Issue Solving

Identification of Issue

Grasp present situation

Establishment of improvement measure

Within your 
authority?

Implementation of improvement measure

Approval

Yes

No

Propose to higher 
authority
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A. Identification of Priority Issue
To identify the issue with the highest priority to meet the given management 

target

Establishment of improvement measures
To conduct activities from current situation analysis to establishment of 

improvement measures

C. Proposal to higher authority
To make a proposal to higher authority based on documents, explaining the 

improvement measure and its adequacy

D. Indication from higher authority
The higher authority will make comments to the proposal

E. Approval of higher authority &
Implementation of improvement measure

B. Establishment of improvement measure
To conduct activities from current situation analysis to establishment of 

improvement measure

 11

A. Identification of Priority 
Issue

Identify a problem/issue 
 Look at things from customers’ viewpoints. (if you 

are a customer)
 Think about what the ideal situations are.

Issues to be solved with top priority to realize 
visions of the company
 Improvement of supply reliability, Loss reduction,  

Improvement of customer satisfaction, Securing of 
personnel safety etc. (for example) 

 Identify issue (theme) specifically

 
12

1. Evaluation, Quantification of Current Badness

3. Plan out various Measures

4. Evaluation of Cost-Benefit Performance

5. Determination of Implementing Measure

2. Cause Analysis

B. Establishment of 
Improvement Measure

 

13

B-1. Evaluation, Quantification of 
Current Badness

Use data, facts, and common words in order 
to describe actual phenomenon precisely in
 understanding current situations,
 analyzing problems, and
 confirming impacts of measures / verifying your 

assumption. 

Understand things based on data, instead of 
judging things only on speculation or in the 
illusionary belief.

 14

How to handle the data

The aim of using data is to solve 
problems, not to gather more data.
 Step 1: Think about what you want to 

describe, analyze, confirm, verify.
 Step 2: Think about how you should 

handle or show the data.  It is because its 
aim is to make people understand easily 
and correctly or to appeal to people.

 
15

How to handle the data

The use of data is to help right 
understandings and prevent 
interpersonal misunderstandings
Data contradicting with your story 
should not be neglected
Unreliable data should not be used
Data must be gathered in consistent 
and sequential ways
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B-2. Cause Analysis

Multi-aspect cause analysis
 To identify all considerable causes
 Fishbone diagram

Evaluation of significance of causes by using 
actual data
 Frequency of occurrence
 Magnitude of impact

Refine root causes in order to require 
measures easily

 17

B-3. Plan out Various Measures

Measures corresponding with Causes 
from many aspects
 Identify various potential solutions and 

measures. The solutions and measures are 
not only ONE.

 Get rid of your prejudice or bias against 
the present situations.

 
18

B-4. Evaluation of Cost-Benefit 
Performance

Evaluation of benefit
 Expected timing of the benefit to arise

Evaluation of cost
 Expected timing of required payment
 Possibility of budget procurement

Consider time value
 1 Nu. (at present) ≠ 1 Nu. (1 year after)

 

19

B-5. Determination of 
Implementing Measure

Comparison analysis & prioritization of 
several measures
 Advantage/Disadvantage of application of 

measures
 Cost-benefit performance
 Difficulty
 Amount of resource injection
 Timing when implementation is possible

 20

Formulate Implementation Plan

Resource to be injected
 Fund, manpower

Timing and schedule of implementation
Expected effect
Other items to be considered
 Confirm that any other problem will not occur by 

taking a solution/measure to be selected.
 Have a viewpoint that a selected solution and 

measure will have large impacts if it is shared with 
other people. (lateral spreading) 

 
21

C. Proposal to Higher 
Authority

Preparation of presentation material
 Easily understandable explanation

 Easily understandable logic
 Straightforward storyline
 Short-time, limited main points

 Easy-to-read documents
 Effective use of figures & tables
What is the key message from figures/tables
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When you carry out PI Solving Activity,
Repeat Self-Questionings to achieve 

good performance 

2. Are there still any Alternative Solutions, that you 
have not yet found out?

3. Did you compare Solutions well enough in light 
of Cost and Effectiveness?

1. Are there still any other Causes that result in 
Badness?

4. Did you prepare multiple Solutions and analyze 
them well enough, so that your Boss can 
compare and judge with your proposals?

 23

Issue Solving Activity

Work should not always be done only by 
yourself
 Instructing Junior Staffs for Information gathering
 Brain storming with other managers/officers
 Discussion with higher authority

Not special work (Routine work)
 Always consider to improve current situation

Make story and logic to convince higher 
authority using data & facts

 
24

Issue Solving Activity

Not only beneficial for the company, but 
also for you
 Save time

 Family benefit; Enjoy private time

 Save money
Money benefit; Increasing your wage

Don’t give up solving problems or issues.
 There are many measures
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Thank you for your kind 
attention

 

  

1

Issue Solving Activity

July 2013
Tokyo Electric Power Company

 2

Future Schedule

Next mission: the end of August
 Discussion with each team (Seki, Fujitani)

Last presentation session
 25th or 26th September

Training in Japan: 2 weeks x 12 persons
 The middle of November

 
3

Selection Criteria of Training 
in Japan

Evaluation from Japanese Adviser 
(individual): max 10 points
Evaluation of Output (team)
: max 15 points
 Final proposal
 Third country survey report
Others (individual): max 5 points
 Participation to the discussion
 Daily efforts

 
 



4

Judging Points of Proposal

Analysis by using data & facts
 Current badness, cause analysis

Comparison with other measures
 Selection of most appropriate measure

Story of the Proposal
 Easily understandable logic

Implementation plan
 What you want, how to do, when, who

 5

Third Country Report

By 9th August submit to Ms. Orui
 By the end of July: Draft version 

What did you learn? 
How to use the things that you learnt 
for your PI solving activity?
How to use the things that you learnt 
for your work in promoting BPC’s
business efficiency? 

 
6

When you carry out PI Solving Activity,
Repeat Self-Questionings to achieve 

good performance 

2. Are there still any Alternative Solutions, that you 
have not yet found out?

3. Did you compare Solutions well enough from 
Cost and Effectiveness?

1. Are there still any other Causes that result in 
Badness?

4. Did you prepare multiple Solutions and analyze 
them well enough, so that your Boss can 
compare and judge with your proposals?

 

7

Thank you for your kind 
attention

Don’t give up solving issues.
There are many measures

 

  

 
Smart Grid System 
 

TEPCO will Establish the TEPCO will Establish the ““SMART GRIDSMART GRID”” in in 
Cooperation with CustomersCooperation with Customers & S& Societocietyy

Copyright ©2013 Tokyo Electric Power Co.,Inc.All Right Reserved

TEPCO'sTEPCO's Challenges towards Smarter GridChallenges towards Smarter Grid

Following the Great East Japan Earthquake, amidst tremendous chaFollowing the Great East Japan Earthquake, amidst tremendous changes nges 
occurring in the energy supply and demand structure, TEPCO will occurring in the energy supply and demand structure, TEPCO will implement implement 

energy reforms to realize efficient and optimal energy usage forenergy reforms to realize efficient and optimal energy usage for our customers our customers 
and greater society.and greater society.

 Service AreaService Area :
39,000 km2

• One-tenth of Japan’s land 
area

 PopulationPopulation : 45 million
 Electricity SalesElectricity Sales : 

270 billion kWh (FY 2011)
 Peak DemandPeak Demand :

64.3 GW (July 2001)
• One-third of Japan’s total 

demand
• 70% of the demand within a 

40km radius of Tokyo

JulyJuly 18, 201318, 2013

Masaki Masaki IwamaIwama

TEPCOTEPCO
Tokyo Electric Power Tokyo Electric Power Co.,IncCo.,Inc..

Position of TEPCOPosition of TEPCO
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日　時

供
給
支
障
電
力
の
推
移

3/11(金)

流通設備事故およびUFR遮断による供給支障発生
　(供給支障　3/11 15時まで約890万kW、16時18分まで910万kW)

（万kW）

停電負荷の送電開始【3/11 20時04分】

3/13(日)3/12(土) 3/14(月) 3/15(火)

那珂154kV系統を新筑波系より復旧開始【3/12　2時57分】

茨城県・千葉県・栃木県の一部で停電継続【3/12 15時時点】
　(送電：約730万kW、残存：約180万kW)

※計画停電は除く

供給支障解消【3/15　0時55分】

3/18(金)

停電復旧【3/18　22時10分】

那珂275kV系統を新茂木系統より復旧開始【3/14　1時17分】

Supply trouble 
electric pow

er

(10MW)

[Time］

Supply trouble 9,100MW (3/11 16:18)

Power transmission start (3/11 20:04)

那珂154kV系統復旧開始（3/12 2:57）

Resolving the supply trouble (3/15 0:55)

Power recovery
(3/18 22:10)

2011 3/11～3/18 

水戸市
前橋市

さいたま市

千葉市
八王子市

沼津市

横浜市

甲府市

宇都宮市

Supply trouble1,800MW (3/12 15:00)

Supply trouble 
area

1.1. Change in the Energy Supply and Demand Structure   Change in the Energy Supply and Demand Structure   
following the Great East Japan Earthquakefollowing the Great East Japan Earthquake
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• About 21GW of Nuclear, Thermal and Hydro power plants were damaged.
• In spite of early resumption and emergency installation of facilities, demand was 

forcefully restricted via rolling blackouts and legal measures.
• Given the insufficient supply capacity, electricity saving measures has been 

required since autumn of 2011.

2

60

Supply
Before 

the disaster
Just after 

the disaster
2011.3.11

Late in 
March 2011

2012FY

21GW 
down Average peak demand

(GW)

55GW
47GW

60GW

Early resumption etc

Rolling blackouts
and saving measures

38GW31GW

(1) Decreased supply capacity due to the earthquake(1) Decreased supply capacity due to the earthquake

Peak
Aug.30
Reserve

7%

50

40

30

20

10

2011FY

52G 50.78GW

Peak
Jan. 20
Reserve

8%

49.66GW
53.8GW

1. Large scale Change of Energy Supply and Demand Structure after the Great East Japan Earthquake
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HironoHirono Thermal Power StationThermal Power Station
[E[Examplexampless of of Restored DRestored Disaster isaster EEquipmentquipment]]

3 months later3 months laterShortlyShortly after disasterafter disaster

HitachinakaHitachinaka Thermal Power StationThermal Power Station

1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake

3 months later3 months laterSShortly after disasterhortly after disaster  
Copyright ©2013 Tokyo Electric Power Co.,Inc.All Right Reserved 4

ReRe--start of aged power stations after a long term suspensionstart of aged power stations after a long term suspension

[Measures to Secure Electric Power Supply Capacity][Measures to Secure Electric Power Supply Capacity]

Operating Unit 3 turbine generatorOperating Unit 3 turbine generatorReRe--started Yokosuka Thermal started Yokosuka Thermal 
Power StationPower Station Unit 3&4 boilerUnit 3&4 boiler

Commencement Year1964 Commencement Year1964 

Urgent installation of new power supply facilities (284MW)Urgent installation of new power supply facilities (284MW)

Chiba Power Station (PS) (3 gas turbines)Chiba Power Station (PS) (3 gas turbines)

Total 100MWTotal 100MW

SodegauraSodegaura PS (102 sets of gas engines)PS (102 sets of gas engines)

Total 11MWTotal 11MW

1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake
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5

Solar Power Generation installations (TEPCO)Solar Power Generation installations (TEPCO)

December, 2012December, 2012

Kawasaki-shi, 
Kanagawa

OhgishimaOhgishima Solar Power Plant 13,000kWSolar Power Plant 13,000kW

(2) I(2) Integration of Renewable Energyntegration of Renewable Energy

（ December, 2012December, 2012 ）

［10MW］ ［1,000 cases］

1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake

［MW］ ［cases］ 372,000 cases372,000 cases
1,470 MW1,470 MW
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Purchase of Electricity from Solar and Wind Power (TEPCO)Purchase of Electricity from Solar and Wind Power (TEPCO)

Solar and Wind Power Solar and Wind Power 
FY2011:  1,190GWhFY2011:  1,190GWh

Experimental Study on OffshoreExperimental Study on Offshore Wind Wind 
Power Generation(2012.10 Power Generation(2012.10 --))

(C)NEDO

NEDO Funded research

620GWh
[Solar Power]
570GWh
[Wind Power]

FineFine

CloudyCloudy

1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake

Solar PowerSolar Power
Wind  PowerWind  Power

(FY)(FY)

[10MWh]

Visualization of 
photo-voltaics
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太陽光 風力 太陽光 風力 太陽光 風力 太陽光 風力 太陽光 風力

～2012.3 ～2012.6 ～2012.9 ～2012.11 ～2013.3(見込み)

（万kW）

太陽光（住宅） 太陽光（非住宅） 風力

FIT (Feed In Tariff)  system started from 2012.07

Installed capacity of PV & Wind in Installed capacity of PV & Wind in japanjapan

For integration of renewable 
energies, it is necessary to 

introduce stabilization methods into 
the power system. 

10 times the 
2005 level

(first target) 

Twenty times 
the 2005 level

Introduction target of 
PV is 28GW by 2020.

PV (Residential) PV (Others) Wind

WindPV WindPV WindPV WindPV WindPV
estimate

28GW

14GW

2.1GW
1.4GW

x 0.01GW

1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake
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Generation  Capacity Generation  Capacity 
per Energy Sourceper Energy Source

23 23
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0%

10%

20%

30%
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70%

80%

90%

100%

2010 2011 2021

需要抑制

水力

石油

LN(P)G

石炭

入札電源

(石炭等)

その他

原子力

28

10
21

5

10

8

12

45

59

49

9
15

5
6 6 6

2

2

2

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2010 2011 2021

水力

石油

LN(P)G

石炭

入札電源

(石炭等)

その他

原子力

Electricity generatedElectricity generated

57%
64%

64%
82%

TEPCO including purchased power
(In accordance with our Comprehensive

Special Business Plan,FY2012)

* Units 1-4(2,812MW)at Fukushima Daiichi Nuclear Power 
Station were decommissioned As of the end of March 2012

※

(3) Changes in Power Output Composition per Energy Source(3) Changes in Power Output Composition per Energy Source
1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake

Hydro

Oil

Coal

Other

Nuclear

Hydro

Oil

Coal

Other

Nuclear

Demand 
restraint 

Bid
Bid

71%

 



Copyright ©2013 Tokyo Electric Power Co.,Inc.All Right Reserved 9

(4) Supply demand balance after the Great Earthquake(4) Supply demand balance after the Great Earthquake

10

20

30

40

50

60

70

Oil

LNG、LPG
Coal

(GW)

Pumped Storage

Storage

6 12 18 24

Renewables (Hydro, wind, etc)

Demand

Nuclear

Some urgently 
constructed plants

BeforeBefore
Low Carbon 

Society

After the earthquakeAfter the earthquake
Peak Shaving・Energy 

Efficiency

More use of IPP & 
Renewable Resources

+

Issues to be addressedIssues to be addressedIssues to be addressedIssues to be addressedIssues to be addressedIssues to be addressedIssues to be addressed
•• Shortage and uncertainty in Shortage and uncertainty in 

base load generation.base load generation.
•• Optimized usage of fossil fuelOptimized usage of fossil fuel
•• Integration of Integration of renewablesrenewables
•• Smart peak shaving and Smart peak shaving and 

energy efficiencyenergy efficiency
•• Diversified needs in energy Diversified needs in energy 

usage of usage of ““prosumersprosumers”” with with 
distributed generation and distributed generation and 
storage.storage.

1. Change of Energy Supply and Demand Structure after the Great East Japan Earthquake
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““SS””＋＋TripleTriple““EE”” s;s;
•Energy security
•Environmental            

conservation
•Economy

①Supply Side

Towards optimization of energy usage Towards optimization of energy usage 
with our customers and societywith our customers and society．．

②Demand Side

X

•Safety

2.2. Towards optimization of Energy Usage with our Customers  Towards optimization of Energy Usage with our Customers  
and Societyand Society

③③ Cope with changes in supply and Cope with changes in supply and 
demand side utilizing ICT flexiblydemand side utilizing ICT flexibly

Integration of RES Integration of RES 

DER DER 

New Supply New Supply 

CapacityCapacity

Various energy Various energy 

servicesservices

Efficient energy Efficient energy 

usageusage

 Copyright ©2013 Tokyo Electric Power Co.,Inc.All Right Reserved 11

Smart grid in Smart grid in TepcoTepco

2. Towards optimization of energy usage with our customers and society

A Platform to innovate energy service with customers and society and to 
improve energy efficiency and optimize usage via the coordination of 
demand and supply
ObjectiveObjective

To establish an advanced “smart grid”, in which both grid generators and 
customers are mutually coordinated, in order to  realize the following 
objectives as “a network service integrator”

 Provision of more options for customers to meet diverse needsProvision of more options for customers to meet diverse needs
 Various tariff and energy management services via business alliaVarious tariff and energy management services via business alliancesnces

 Additional reduction of peak demand and more efficient use of faAdditional reduction of peak demand and more efficient use of facilitiescilities
 Developments and proposals for new services with smart meters, eDevelopments and proposals for new services with smart meters, energy nergy 

solutions and so on.solutions and so on.
 Grid Integration of a large amount of renewable resources and Grid Integration of a large amount of renewable resources and 

coordination with oncoordination with on--site generation systemssite generation systems
 Enhancement of neutrality and fairness in network service divisiEnhancement of neutrality and fairness in network service divisions ons 

establishment of a network, in which efficiency and the reliabilestablishment of a network, in which efficiency and the reliability of facilities ity of facilities 
are improved by ICTare improved by ICT
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Image of the Image of the ““Smart GridSmart Grid””

Central 
dispatch center

WindWind

ICTICT

Wide area power 
system operation
Wide area power 
system operation

原子力

Smart BuildingsSmart Buildings

Mega solarMega solar
Smart HouseSmart House

EV ChargerEV Charger

ICTICT

Smart CondominiumSmart Condominium

Distribution SystemDistribution System

Power Line
ICT

Smart CommunitySmart Community

SolarSolar

EVEV

Infrastructure building  with 
Communities

Infrastructure building  with Infrastructure building  with 
CommunitiesCommunities

ThermalThermal
HydroHydro

NuclearNuclear

Integration of renewable 
and distributed resources
Integration of renewable 
and distributed resources

Modernization of DistributionModernization of DistributionModernization of Distribution

Community Energy ManagementCommunity Energy ManagementCommunity Energy Management

Sensor builtSensor built--in switchin switch

Smart Meter serviceSmart Meter serviceSmart Meter service

Distribution Distribution 
S/SS/S

BatteryBattery

Transmission Transmission 
SystemSystem

Sensor builtSensor built--in switchin switch
Control center

2. Towards optimization of energy usage with our customers and society
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1.  Efficient & optimized energy usage with customers and societ1.  Efficient & optimized energy usage with customers and society.y.

2.  Integration of renewable and distributed resources with the 2.  Integration of renewable and distributed resources with the 
help of the modernization of power networks.help of the modernization of power networks.

①① Active adoption of Smart Meters. / Expansion of new services.Active adoption of Smart Meters. / Expansion of new services.
②② Construction of DemandConstruction of Demand--Response program for efficient energy Response program for efficient energy 

usage with demand side & supply side.usage with demand side & supply side.
③③ Realization of Smart Communities/Towns with customers & areas.Realization of Smart Communities/Towns with customers & areas.

(1) Key concepts(1) Key concepts

①① Upgrading distribution network by taking advantage of ICT.Upgrading distribution network by taking advantage of ICT.
②② Widening of power system operation.Widening of power system operation.
③③ Development of nextDevelopment of next--generation transmission & distribution generation transmission & distribution 

network system concerned with integration of residential PV.network system concerned with integration of residential PV.
④④ Development of integrated control of battery energy storage.Development of integrated control of battery energy storage.

3.3.Efforts in realize Efforts in realize ””Smart GridSmart Grid””
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(2) Positive introduction and practical use of a smart meter sys(2) Positive introduction and practical use of a smart meter system tem 
3. Efforts in to realize ”Smart Grid”

I.I. Active adoption of Smart Meters / Expansion of new servicesActive adoption of Smart Meters / Expansion of new services
The advantage of smart meter implementationThe advantage of smart meter implementation (27 million sets)

Operation cost reduction

Wider Tariff choices 

The visualization of power consumption data
Demand control by two-way communication

Operational reforms
Better customer service
Cut back on investments 

by DSMCreation of new value-added service

RFP : Request For Proposal

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Meter Meter 
installationinstallation

6千台 30万台 160万台 320万台 320万台 320万台 320万台 320万台 320万台 320万台 320万台 320万台

The deployment prospect of smart metersThe deployment prospect of smart meters

About 2 million setsAbout 2 million sets About About 55 million setsmillion sets About About 1414 million setsmillion sets

It exchanges according to a legal term etc. 

Smart Meter installationSmart Meter installation

Deployment of new serviceDeployment of new serviceDeployment of new service

Mechanical meter

About About 2727 million million setssets
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The image of the functions realized by smart meter introductionThe image of the functions realized by smart meter introduction

HEMSHEMS

EV

Visualization
（From Web）

Visualization
（From Web）

Safety confirmation
service for elderly people

Safety confirmation
service for elderly people

Smart MeterSmart Meter

Energy Saving ConsultantEnergy Saving Consultant

Energy
Saving

Consultant

Server (Other
Company)

Energy
Saving

Consultant

Server (Other
Company)

Energy
Saving

Consultant

Server (Other
Company)

Visualization Information
Distribution (Direct 

Distribution)

Visualization Information
Distribution (Direct 

Distribution)

Storage battery

Breakdown  of Service Breakdown  of Service 
StructureStructure

Tokyo Electric
Power

Company

Cell
Phone

Internet

Automatic 
meter reading

Automatic 
meter reading

Demand responseDemand response

Cell
Phone

Internet

Switch Function

Measurement Function

3. Efforts to realize a ”Smart Grid”
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[MW]

2,290
2,450

Investment 
reduction of 
equipment

Small Scale Business  & 
Residential 

Large Scale C & I 

Fiscal Year

4% in 4% in 
peak peak 
demanddemand

Reduce 
required 
installed 
capacity

Planned Demand Response in Demand-Supply Plan

II.II. Construction of DemandConstruction of Demand--Response program for efficient energy Response program for efficient energy 
usage with demand side & supply sideusage with demand side & supply side

3. Efforts in to realize ”Smart Grid”
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<DR for Residential Customers in YSCP>

DR Signal
Measured Data

kW

TimeTime

Yen／kWh

CPP (Critical Peak Pricing)CPP (Critical Peak Pricing) PTR (Peak Time Rebate)PTR (Peak Time Rebate)

・Measurement and Verification of Demand Response (DR)                   
in the Yokohama Smart City Project (YSCP)

kW

Time
Peak Time

Research on Introducing Dynamic Pricing for Residential Customers

Peak Time Peak Time

HEMSHEMS
In-Home 
Displays

Smart Meter

Server

Customers are Provided a Rebate Customers are Provided a Rebate 
for Reductions in Consumption.for Reductions in Consumption.

17

3. Efforts in to realize ”Smart Grid”
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Demand Response
Activation Server

DR AggregatorTEPCO Customer

DR Activation Signal
DR Activation Signal

Payment

Contract

Convenience store

Factory

Office

Family restaurant

Supermarket

Small Factory

Request of Demand ResponseRequest of Demand Response

1 Preliminary 
announcement 
time

2 Start  time 3 End time

DR Activation Signal

4 Price   signal

3. Efforts in to realize ”Smart Grid”
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太陽光発電の出力変化

 Intermittent output of PV and wind power is subject to weather condition

PV outputPV outputOutput divided 
by rated capacity 

[%]

[hour]Source: Energy White Paper, METI

Clear

Cloudy

Rainy

[day]

Grid Intermittent output of PV and wind PowerIntermittent output of PV and wind Power

(3) Integration of renewable and distributed resources by (3) Integration of renewable and distributed resources by 
modernizing power networksmodernizing power networks

Output divided 
by rated capacity 

[%]

Wind power outputWind power output

Source: Tappi Wind Park, Aug 1999

Network Reinforcement is required for more RE integration to realize 
interactive coordination between grids and generators

→Smart Grid with interactive communication
Much discussion is needed to decide who should pay the 

reinforcement costs

3. Efforts in to realize ”Smart Grid”
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Integration of Renewable EnergyIntegration of Renewable Energy
ChallengesChallenges SolutionsSolutions

VoltageVoltage

Overvoltage on distribution systemOvervoltage on distribution system
 Voltage rises at the end of the 

distribution lines due to renewable 
energies

・Additional transformers
・Installation of voltage regulators

FrequencyFrequency

Absorption of surplus powerAbsorption of surplus power
 PV output causes surplus power during 

off peak demand period

・Curtailment of PV
・Electrification
・Widening of power system operation

Improvement in output estimationImprovement in output estimation
 How to estimate intermittent output

・Estimation of intermittent output

Sufficient frequency control capabilitySufficient frequency control capability
 Insufficient frequency control of 

generation system due to renewable 
energies

・Integrated system of batteries for 
generation control
・Widening of power system operation

Developing

Developed

3. Efforts in realization of ”Smart Grid”
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 Introduce additional transformers for LV system (100 V)
 Introduce voltage regulators for MV system (6.6 kV)

Output Output 
curtailmentcurtailment

107V

95V

107V

95V

SVR, SVC 
for DG

・Introduce voltage regulator

LV (100 V)
Countermeasures

LV (100 V)LV (100 V)
CountermeasuresCountermeasures

・Introduce small capacity 
transformers

107V

95V

Chosen by costChosen by cost--benefit performancebenefit performance

MVMV
(6600V)(6600V)

LVLV
(100V)(100V)

Voltage Control for Distribution LinesVoltage Control for Distribution Lines Step Voltage Regurator (SVR)

Voltage of LV system

MV (6.6 kV)
Countermeasures

MV (6.6 kV)MV (6.6 kV)
CountermeasuresCountermeasures

3. Efforts in realization of ”Smart Grid”
I.I. Upgrading distribution network by taking advantage of ICTUpgrading distribution network by taking advantage of ICT
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Optimization of Distribution NetworkOptimization of Distribution Network

:Communication line

 Remote setting for Remote setting for 
control devicescontrol devices

東京電力

:Sensor built-in switch

Monitoring data

Measurement 
Data (V, I, etc)

New informationNew information
＜＜OfficeOffice＞＞

DG

・Securing power quality using measurement data (V, I) for RE integration study
・Quick fault detection and prompt restoration to prevent faults
・Improvement of efficiency using the remote control

Substation

SVR, etc

Wind, PV

Smart meter

Merits of monitoring and control system with sensor builtMerits of monitoring and control system with sensor built--in switchin switch

:Distribution Line
 Installment of batteries for distribution Installment of batteries for distribution (under consideration(under consideration））

＜＜Modernization of DistributionModernization of Distribution＞＞

 Prompt system Prompt system 
impact study for impact study for 
interconnectioninterconnection

 Fault point Fault point 
detection by detection by 
monitoring V0, I0monitoring V0, I0

 Switching based on Switching based on 
phase angle phase angle 
measurementmeasurement

3. Efforts in realization of ”Smart Grid”
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Demonstration project of forecast technologies for photovoltaic Demonstration project of forecast technologies for photovoltaic generationgeneration

Pyranometer
Thermometer
locations (image)

～ －

Pyranometer

Thermometer

PV panels

PV power

Demand

Demand - generators' power

PV
 P

ow
er

 e
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im
at
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n 

/f
or
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tin
g

(Decreased PV power)

Source: Japan 
Meteorological Agency
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◆◆Forecasting  PV power in order to Forecasting  PV power in order to maintain the power qualitymaintain the power quality

Py
ra

no
m

et
er

da
ta

 Development of a method to estimate the current photovoltaic power generation output 
from weather data or sunlight data

 Develop method to forecast the photovoltaic power generation output

m
et

eo
ro

lo
gi

ca
l d

at
a

(Increase generators' 
power)

3. Efforts in realization of ”Smart Grid”
II.II. Development of nextDevelopment of next--generation transmission & distribution generation transmission & distribution 

network system concerned with integration of residential PVnetwork system concerned with integration of residential PV
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Demonstration Projects for Next Generation Demonstration Projects for Next Generation 
Optimum Control of Power Transmission and Optimum Control of Power Transmission and 

Distribution NetworkDistribution Network
 Development of voltage regulating devices and control methods for distribution network
 Development of control method of power grid operation in cooperation with customers

Image of optimum control power network by both Image of optimum control power network by both 
supply side and demand sidesupply side and demand side

substation

Central 
power 
plants

pumped 
hydro Mega solar

Wind turbines

Demand side

battery

PV

PCS

Heat Pum
p

demand

EVHeat load

battery

Smarter monitoring 
& control

Smarter monitoring 
& control

Optimum control of the voltage 
on the distribution network

Smart Interface

Distribution 
NW

supply side and demand side
Optimum control of transmission network with control of demand side

Transfor
mer

Smarter monitoring Smart Interface

SVR

STATCOM Loop 
controller

Transmission NW Heat storage

Renewables(Htdro,Wind)

Nuclear

Oil,Coal,LNG,LPG

0 12 186

PV
Demand Curve

Surplus Power

24
time

3. Efforts in realization of ”Smart Grid”
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4.4. ConclusionsConclusions

1. Efficient & optimized energy usage with customers and society1. Efficient & optimized energy usage with customers and society

2. Integration of renewable and distributed resources with the h2. Integration of renewable and distributed resources with the help elp 
of the modernization of power networksof the modernization of power networks

 Amidst current restoration efforts, TEPCO will work towards the Amidst current restoration efforts, TEPCO will work towards the establishment of the SMART GRID establishment of the SMART GRID 
in cooperation with our customers and society to achieve efficiein cooperation with our customers and society to achieve efficient and optimized energy usage nt and optimized energy usage 
leading to maximization of social benefits.leading to maximization of social benefits.

Integration of RES DER,Integration of RES DER,

New Supply CapacityNew Supply Capacity

① Supply Side① Supply Side ② Demand Side② Demand Side
Various energy services,Various energy services,

Efficient energy usageEfficient energy usage
X

-- Innovate our energy services with our customers and societyInnovate our energy services with our customers and society
-- Realize a platform that enables efficient and optimized energy Realize a platform that enables efficient and optimized energy 

usage with a demand and supply side perspectiveusage with a demand and supply side perspective

-- Improvement and Improvement and 
modernization of the O&M of modernization of the O&M of 

facilitiesfacilities “Smart Grid”

Ｓ++３Ｅ３Ｅ
AchievementsAchievements

Flexible & RobustFlexible & Robust

Change in Demand-Supply StructureChange in DemandChange in Demand--Supply StructureSupply Structure

-- Neutral and nonNeutral and non--
discriminatory operationdiscriminatory operation
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THE TOKYO ELECTRIC POWER COMPANY, INC.

ブータン電力公社（ブータン電力公社（BPCBPC）における）における

事故点探査結果について事故点探査結果について

東京電力株式会社
2013年7月
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１．背景

 ブータン地方電化推進プロジェクトフェーズ2実施中
2013年の電化率100%を目指し，地方電化展開中
プロジェクト期間：2012年3月～2014年7月

 優先課題解決活動（PI活動）の実施でブータン電力公社
（BPC）職員の課題解決能力向上を支援

 5～6テーマを選定し，課題解決にむけ活動を展開

 1テーマとして事故点探査手法の改善をピックアップ
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２．課題（事故点探査の改善）について

• 適切な事故点探査機材がない
（機材はあるがうまく扱えない）

• 設備マップが存在しない

 BPCの現状

 探せない
 事故設備放置

• 事故点探査に時間がかかる
• 多くの人員を配置

 非効率
 サービス低下

課題の解決により，

 効率化（地方電化へ人員配分，設備の改修利用）
 信頼度向上（設備信頼度，供給信頼度向上）
 顧客満足度向上（早期送電）

事故点探査手法の改善を目指して取り組む
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３．派遣概要

 目的 • 一手法の紹介としてLUPINにて現地探査を実施
（BPC技術者の理解向上，解決支援）

• 日本製機材（LUPIN）の紹介

 要員 • 東電配電保守員 2名 ＋ 戸上電機 1名
東京電力 東京支店 小林
東京電力 埼玉支店 谷井
戸上電機 中野氏

• プロジェクトメンバー
関，岩間，大石

 内容
 事前準備（現場確認と機材準備）（1日）
 事故地中配電線の事故点探査（2.5日）
 事故点探査に関するBPCとの協議（0.5日）

現地調査
計4日
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３．派遣概要

 スケジュール

24日まで継続

長期専門家 団長／優先課題解決 配電マニュアル 配電維持管理 事故点探査1 事故点探査2 事故点探査3

大類 関 岩間 大石 小林 谷井 中野／戸上電機

7/14 日
福岡(11:35)=>ﾊﾞﾝｺｸ

(14:55)/JL5037

空港

事故点探査準備

ﾊﾞﾝｺｸ(06:50) =>
ﾊﾟﾛ(10:15)/KB141

合流

7/17 水

午前：帰国チームに同行

午後：PI協議

7/20 土

終日 : 事故点探査 (場所C)
(関連するBPCスタッフの見学有り)

午前：事故点探査（場所C）
(関連するBPCスタッフの見学有り)

プログレスレビューミーティング
(PI活動とスマグリのプレゼン)

木

金

14:00 - 17:00 : プログレスレビューミーティング (LUPINデモ，事故点探査結果報告，技能ランクS級説明等)

ﾊﾞﾝｺｸ(7/20:0:50)=>
福岡(8:00)/JL5038

パロ(11:10) => バンコク(16:10)/KB126

事故点探査結果のレポート作成

終日 : PIメンバーとの協議　テーマ6～11

バンコク(7/19:22:10) =>
成田(7/20:6:20)/TG640

7/15

7/16

月

火
終日 : 事故点探査　(場所A & B)
 (関連するBPCスタッフの見学有り)

終日：事故点探査

7/18

7/19

日　付

バンコク(06:50) => パロ(10:15)/KB141

事故点探査準備

成田(10:50) =>
バンコク(15:25)/

NH953

成田(12:00) => バンコク(16:30)/TG643
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４．ブータン位置情報

ブータン

ティンプー全景と活動箇所

場所A，B
近隣エリアを供給する
ケーブル

場所C
2ヶ所をつなぐケーブル

首都：ティンプー

出典：Google Earth

 

©2013 Tokyo Electric Power Company, INC. All Rights Reserved. 6

５．事故点探査現場情報

Package
S/S A

Package
S/S B

S. Square
S/S B

 場所AおよびB

場所A

場所B

出典：Google Earth
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５．事故点探査現場情報

 場所C

SAARC
S/S A

DPH
S/S

出典：Google Earth
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６．事故点探査の流れ

1. 事故ケーブルの特定

2. 事故ケーブルの絶縁測定

3. ケーブル導体抵抗測定: ケーブル長算出

4. 高圧ブリッジ測定 : 事故点距離の算出

5. LUPINによる探査 : 詳細な事故点探査

6. 終了
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６．事故点探査結果

No

分岐有無

11kVOver 1m
A:600m
B:500m

300mm23core XLPE

使用電圧埋設深さ長さサイズケーブル

< 5000M Ω黄－青

< 5000M Ω赤－黄

線間

< 15k Ω青相

< 5000M Ω赤－青

< 5000M Ω黄相

7.6M Ω赤相

対地

絶縁抵抗相場所A

 ケーブル事前情報（場所AおよびB）

 絶縁測定による事故状況

< 5000M Ω黄－青

< 5000M Ω赤－黄

線間

< 5000M Ω青相

< 5000M Ω赤－青

< 5000M Ω黄相

3k Ω赤相

対地

絶縁抵抗相場所B
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 高圧ブリッジによる事故点距離の測定結果

事前情報

212 m340.5 m

373 m
62.3 %

600 m
A

142 m
28.4 %

500 m
B

67.6 m

事故点までの

距離

238 m

%値
ﾐﾘｵｰﾑﾃｽﾀおよびLUPIN

による現地測定

場所

Package
S/S A

Package
S/S B

S. Square
S/S

340.5 m 238m

212 m 67.6 m

６．事故点探査結果

事故点A 事故点B
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 LUPINによる詳細な事故点探査

7 7 7 77222
Package
S/S A

Package
S/S B

210.6 m

 場所A

210.6 m214 m 209 m

62 4

６．事故点探査結果

事故点付近での信号レベルの変化１６０ｍ付近
より探査開始
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 LUPINによる詳細な事故点探査

Package
S/S A

S. Square
S/S B

 場所B

7 7 7
7
7
7

777
7

77

2 2 2
68 m

67m

68m

69m

7

2

2

６．事故点探査結果

事故点付近での信号レベルの変化

BPC職員の記憶する
ケーブルルート
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６．事故点探査結果

No

分岐有無

11kVOver 1m4000m300mm23core XLPE

使用電圧埋設深さ長さサイズケーブル

50M Ω黄－青

320M Ω赤－黄

線間

6k Ω青相

450M Ω赤－青

70M Ω黄相

480M Ω赤相

対地

絶縁抵抗相場所C

 ケーブル事前情報（場所C）

 絶縁測定による事故状況

310M Ω黄－青

270M Ω赤－黄

線間

200M Ω青相

740M Ω赤－青

56M Ω黄相

470M Ω赤相

対地

絶縁抵抗相場所C

高圧ブリッジ適用前の状況 最終的な状況（ブリッジ数度適用）
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 高圧ブリッジによる事故点距離の測定結果

事前情報

3068 m
76.7 %

4000 m
C

2590 m

事故点までの

距離

3377 m

%値
ﾐﾘｵｰﾑﾃｽﾀおよびLUPIN

による現地測定

場所

Saarc
S/S

DPH
S/S

3377 m

2590 m

６．事故点探査結果

787 m
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 LUPINによる詳細な事故点探査

 場所C

６．事故点探査結果

1

3

4

0 至DPH S/S

至Saarc S/S

事故点範囲

DPHより
814m

ブリッジ測定結果
DPHより

787m

DPHより
668m

掘削にてケーブルを
露出させて信号確認
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 場所AおよびBについて

2.5時間

2時間

探査時間

238 m

340.5 m

全長

68 m

210 m

LUPIN

2 m212 mA

1 m

差

67 mB

高圧ブリッジ場所

 高圧ブリッジとLUPINの結果に大きな差はなくそれぞれの測定器が精
度の高い結果を残した

 ただし、高圧ブリッジは全長データが重要であり正確なルート探査が
できるLUPINとの併用が必要である

 LUPINより先に高圧ブリッジを実施することで絶縁抵抗の低抵抗化と
LUPIN探査範囲の絞り込みができ、作業の効率化が図れる

LUPINLUPINと高圧ブリッジの併用により短時間で精度の高い結果を得られたと高圧ブリッジの併用により短時間で精度の高い結果を得られた

長距離が多い高圧ケーブルへの事故点探査手法の一例を示せた長距離が多い高圧ケーブルへの事故点探査手法の一例を示せた

７．事故点探査結果のまとめ

 
©2013 Tokyo Electric Power Company, INC. All Rights Reserved. 17

絶縁抵抗が安定せず，LUPIN探査が困難を極めた

高圧ブリッジでは0.2~0.3kVまで昇圧すれば安定した電流の確保が可能

しかし，LUPINではケーブル静電容量の影響で，160V程度でアンプが

過負荷となってしまう

よって，安定した信号電流を確保できず，難しい事故点探査となった

事故点抵抗がもう少し低抵抗化させられたらLUPIN探査は可能

（調査時間の関係から，低抵抗化の時間をあまり確保できなかった）

LUPIN側の接地極を配電塔側で取ると事故点手前の水道管等に戻り信号が発生し、
対地に接地極を打ち込むと事故点以降のケーブルに事故電流が確認できた。高圧
ケーブル探査では遮蔽層、アーマー層の影響があるため探査状況によっては接地極
を替えて確認する必要ある。

７．事故点探査結果のまとめ

 場所Cについて

高圧ブリッジの低抵抗化によって高圧ブリッジの低抵抗化によってLUPINLUPIN探査可能な状況へ進展できた探査可能な状況へ進展できた

LUPINLUPIN単独で難しい事故様相への打開策の一例を示せた単独で難しい事故様相への打開策の一例を示せた
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８．事故点探査風景

TBM-KY ブリッジ測定 LUPIN調整中

LUPIN探査中 信号確認のため掘削 営業所にて
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AgendaAgenda

§.1 Current Situation of Earthing/Grounding in 
Bhutan

§.2 Network Earthing/Grounding in Japan

§.3 In-house Earthing/Grounding in Japan

§.4 Recommendation
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Chapter.1 Current Situation of Grounding in Bhutan

Network system in BPC

AT 
KHELEKHA
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MV distribution line Grounding system in BPC

Main 
transformer 
(33/11 kV)

SecondaryPrimary

Distribution line
Connection of  11k/230,400V

Neutral Neutral 
Direct GroundingDirect Grounding

r

400V

11kV

230V

400V

230V

400V

Single-Phase Load

Th
re

e-
Ph

as
e 

Lo
ad

11kV

11kV

Power 
Source 
Power 
Source 

Transformer

 Grounding is spiked in every MV pole 
without measuring earth resistance.

 Earth resistance of DTs should be up 
to 25ohm.

 Especially in a rocky area, it is difficult 
to get enough earth resistance.
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Grounding system in house

Main Circuit breaker
Earth Leakage Circuit breaker (ELCB)

No-fuse breaker

Outlet

Earthing

Standard internal wiring in Bhutan

WHM

• BPC regulates a customer’s grounding resistance in house at 
the time of application of electricity use. (good)

• ELCBs are installed in small number of households in Bhutan. 
(bad)  Copyright© 2014, Tokyo Electric Power Co, Inc.  All rights reserved

Chapter.2 Network Grounding in Japan

Network System in TEPCO
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6.6kV-MV distribution line Grounding system

V0

Main 
transformer 
(66/6.6 kV)

Grounding 
potential 

Transformer
:GPT

SecondaryPrimary

Tertiary 
Limited 

resistance

Distribution line Connection of  6.6k/100,200V

Primary

Tertiary 

Transformer

Lo
ad 100V or 200V

Power 
Source 

6.6kV

200V6.6kV
100V

100VLo
adPower 

Source 

Transformer

200V

200V200V

Lo
ad

6.6kV 6.6kV

6.6kV

Power 
Source 

Transformer

r

200V
6.6kV

100V

200V

100V

200V

Single-Phase Load

Th
re

e-
Ph

as
e 

Lo
ad

6.6kV

6.6kV

Power 
Source 
Power 
Source 

Transformer

3 Phase 3 Wire

Non GroundingNon Grounding
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Overhead Distribution System

UG cable

Distributing 
Substation

MV Line 6kV

UG MV 
feeding cable

Φ
Φ

Pole Mounted 
Transformer

Service Wire-Note-
We should maintain the LV voltage appropriately with this point  Copyright© 2014, Tokyo Electric Power Co, Inc.  All rights reserved

Earthing/Grounding of Poles

Grounding electrode
(Steel covered cupper)

Grounding wire: IV2.6mm
(inside the pole)

GL

Lead terminal

1.5m
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Chapter.2 Network Grounding in Japan

Rules, Regulation
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Rules, Regulation for network grounding
 Regulation that Electricity Utilities must observe in Japan

“Electrical Equipment Technical Standards (EETS)”

by METI (Ministry of Economy, Trade, and Industry)

[objective] Ensuring pubic safety, Stable supply of Electricity

Earthing / grounding on EETS

Regulation about grounding is classified into 4 types.(⇒next slide)

［objectives of network grounding］
 To prevent damage to the human body in case abnormal voltage occurs at 

the time of network fault
 To minimize damage of network facilities in case of fault
 To protect network facilities and customers’ equipments in case of lightening

(grounding of arresters)  Copyright© 2014, Tokyo Electric Power Co, Inc.  All rights reserved

Rules, Regulation for network grounding

For LV equip. up to 300V

For LV equip. over 300V

For Voltage rise of LV equip. 
by a confused MV fault 
contact

For HV or MV equipment 
Condition

LV metallic pole
Messenger wire

100[Ω ](*)D class

LV equip.10[Ω ](*)C class

DT150/Ig[Ω ](*)
Ig: primary-side 
current of one-
line ground fault

B class

Lightening Arrester (LA)
HV equip.

10[Ω ]A class
Object (e.g.)Regulation value

 Earthing / grounding on EETS

(*):These value are in TEPCO’s case.
The values depend on the breaking time of network. 

Regarding grounding of LA and B class grounding,
applying common ground systemapplying common ground system is available.  

Copyright© 2014, Tokyo Electric Power Co, Inc.  All rights reserved

Rules, Regulation for network grounding
 Common ground system Grouping management 

of grounding

Ensuring the regulation value 
in an area within the radius 
centered the DTs
Maximum radius: 500m

Common
ground wire

R
R

R

R
Rc = 

1

2
3

4

R
1

R
1

R
1

R
1

1 2 3 4

+ + +

1
<R ,R ,R ,R1 2 3 4

Combined resistance: Rc

Common ground system can make each resistance target high

:DTDT
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Chapter.2 Network Grounding in Japan

Problem and Countermeasures

in Japan

 Copyright© 2014, Tokyo Electric Power Co, Inc.  All rights reserved

Problem, Difficulties

TEPCO has mountainous & rocky area where it is difficult to get 
low grounding resistance. (We have the same problem as you!!)

Difficult area for grounding
(mountainous & rocky)

TEPCO’s supply area

Easy area for grounding
(seaside & loam)
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Countermeasure (1)

 Devising the construction way

Boring methodResistance Reduction agent

By using special boring equipment, 
a grounding pole is spiked into 
20m~70m depth.
This method is very effective, but 
costs very high. (about 10,000USD)

By making the layer of gel around 
the grounding pole, grounding 
resistance can be reduced.
This agent reduces 50-70% of 
grounding resistance 
semipermanently.

Grounding
pole

Reduction
Agent

Pervious
area
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Countermeasure (2)
 Proper management of grounding resistance
TEPCO measures all grounding resistance at the time of installation, and some 
of  them regularly.

Period of measuring resistancetarget

at any timeThe other

• place with reduction agent
- every 5 years

• place where the previous measured value was more 
than 60% of regulation
- every 5 years
• the other
- at any time

After installing/repairing grounding, twice regular 
measuring must be implemented.

A class grounding
B class grounding In addition, at B class pole

visual inspection is 
implemented every 5 years.

 Copyright© 2014, Tokyo Electric Power Co, Inc.  All rights reserved

Countermeasure (2)

TEPCO manages grounding resistance by the computer system.

This system can record the result of measuring and simulate the 
resistance to choose the proper way of installation.

Date of measuring
Previous result
Result of this time

Image of TEPCO’s grounding management system
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Countermeasure (3)

 Effort to ease the regulations

There is a third party “Japan Electric Association (JEA)” which 
consists in manufacturers and utilities in Japan 
[JEA’s role]

Electric utilities (included TEPCO) have implemented experiments
about possibilities of making the regulations more rational. And
they have realized that through JEA.
e.g. Mitigation of regulation resistance of A class grounding in the 

case when an arrester is in a B class grounding area

 Summary of the demand for revision of EETS

 Researching about electricity equipments
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Chapter.3 In-house Grounding in Japan

In-house Grounding in Japan

 Copyright© 2014, Tokyo Electric Power Co, Inc.  All rights reserved

Grounding system in house

• Generally in-house earthing is separately installed (not connected 
to) network earthing in Japan.

• ELCB is installed in almost all new residence in Japan.(99.7%)

Circuit breaker
Earth Leakage Circuit breaker (ELCB)

No-fuse breaker

Outlet

Earth terminal

Standard internal wiring in Japan

WHMFuse
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Chapter.4 Recommendation

Recommendation
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 Network grounding

 In-house grounding

Recommendation

• Adoption of common grounding system
• Proper management of grounding resistance

e.g. regularly measurement
• Use of new technology

e.g. reduction agent

• Proper guidance on in-house grounding for customers
• Promoting of installing of ELCB

We recommend you above things with considering the pilot project
which Begana training center has implemented.

 

Thank you for your attention!!

 
  



Presentation Materials of seventh Workshop  
 
 
Outline of Priority Issue Solving Activity 
 

1

Issue Solving Activity

July 2014
Tokyo Electric Power Company

 2

Relationship between Supplier 
and Customer

In case of general products
 Customer selects the product (supplier)

In case of power sector
 General customers have no choice to select their 

supplier
 Most citizens have no choice but to purchase the 

product (electricity) with determined cost and 
quality

Less incentive for power suppliers to improve 
the power quality or customer satisfaction

 
3

When improving the 
reliability, more cost is 
required and efficiency 

will deteriorate

If reliability is improved, the customer 
satisfaction will be improved

To reduce electricity tariff 
will contribute to 

improvement of CS

Major Three Factors that Power Sector shall aim
Be gradually improved in well balance

Customer 
satisfaction

Reliability Customer Customer Customer 

Efficiency
(Cost)

When improving the CS, 
more cost is required and 
efficiency will deteriorate
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Opportunities to utilize TQM 
Activity 

Improvement of system reliability or 
customer satisfaction with less investment
 There are some measures by ingenuity without so 

much investment.
Efficient Investment
 Plan with higher effect shall be prioritized

Improvement of work efficiency
 Spare power can be utilized to improvement of 

system reliability or customer satisfaction

 5

Manager’s Role & Responsibility

Management
Policy / Goals
Management
Policy / Goals

Performance
Evaluation

Performance
Evaluation

IssuesIssues

Group 
Targets & Plan

Group 
Targets & Plan

ImplementationImplementation

Performance
Evaluation

Performance
Evaluation

Feedback to
Targets/Plans
Feedback to

Targets/Plans Corporate
Targets

 
6

What is Priority Issue (PI) 
Solving Activity?
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Objectives

The active and proper contributions of the 
middle-class managers are indispensable to 
improving the management situations at your 
office.
The main objective is to enable the middle-
class managers to tackle…
 Issues/problems to achieve their group targets / 

the management goals
 Issues/problems that are significant in their 

working places

 8

Flow of Issue Solving
Identification of Issue

Grasp present situation

Establishment of improvement measure

Within your 
authority?

Implementation of improvement measure

Approval

Yes

No

Propose to higher 
authority
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A. Identification of Priority Issue
To identify the issue with the highest priority to meet the given management 

target

Establishment of improvement measures
To conduct activities from current situation analysis to establishment of 

improvement measures

C. Proposal to higher authority
To make a proposal to higher authority based on documents, explaining the 

improvement measure and its adequacy

D. Indication from higher authority
The higher authority will make comments to the proposal

E. Approval of higher authority &
Implementation of improvement measure

B. Establishment of improvement measure
To conduct activities from current situation analysis to establishment of 

improvement measure
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A. Identification of Priority 
Issue

Identify a problem/issue 
 Look at things from customers’ viewpoints. (if you 

are a customer)
 Think about what the ideal situations are.

Issues to be solved with top priority to realize 
visions of the company
 Improvement of supply reliability, Loss reduction,  

Improvement of customer satisfaction, Securing of 
personnel safety etc. (for example) 

 Identify issue (theme) specifically

 11

1. Evaluation, Quantification of Current Badness

3. Plan out various Measures

4. Evaluation of Cost-Benefit Performance

5. Determination of Implementing Measure

2. Cause Analysis

B. Establishment of Improvement Measure

6. Establishment of Implementation Plan  
12

B-1. Evaluation, Quantification of 
Current Badness

Use data, facts, and common words in order 
to describe actual phenomenon precisely in
 understanding current situations,
 analyzing problems, and
 confirming impacts of measures / verifying your 

assumption. 

Understand things based on data, instead of 
judging things only on speculation or in the 
illusionary belief.
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How to handle the data

The aim of using data is to solve 
problems, and to make people 
understand easily and correctly or to 
appeal to people.
 Step 1: Think about what you want to 

describe, analyze, confirm, verify.
 Step 2: Think about how you should 

handle or show the data.  

 14

How to handle the data

The use of data is to help right 
understandings and prevent 
interpersonal misunderstandings
Data contradicting with your story 
should not be neglected
Unreliable data should not be used
Data must be gathered in consistent 
and sequential ways
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B-2. Cause Analysis

Multi-aspect cause analysis
 To identify all considerable causes
 Fishbone diagram

Evaluation of significance of causes by using 
actual data
 Frequency of occurrence
 Magnitude of impact

Refine root causes in order to require 
measures easily
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B-3. Plan out Various Measures

Measures corresponding with Causes 
from many aspects
 Identify various potential solutions and 

measures. The solutions and measures are 
not only ONE.

 Get rid of your prejudice or bias against 
the present situations.

 17

Examples of Various Measures

Measures with less cost
Measures which can be conducted 
instantly
Measures with large effect 
Drastic measures, even though it might 
take a long time and high cost. 
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B-4. Evaluation of Cost-Benefit 
Performance

Evaluation of benefit
 Expected timing of the benefit to arise

Evaluation of cost
 Expected timing of required payment
 Possibility of budget procurement

Consider time value
 1 Nu. (at present) ≠ 1 Nu. (1 year after)
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B-5. Determination of 
Implementing Measure

Comparison analysis & prioritization of 
several measures
 Advantage/Disadvantage of application of 

measures
 Cost-benefit performance
 Difficulty
 Amount of required resource to be injected
 Timing when implementation is possible
 Secondary (indirect) effects

 20

B-6. Establishment of 
Implementation Plan

Resource to be injected
 Budget, manpower

Timing and schedule of implementation
Expected effect
Other items to be considered
 Confirm that any other problem will not occur by 

taking a solution/measure to be selected.
 Have a viewpoint that a selected solution and 

measure will have large impacts if it is shared with 
other people. (lateral spreading) 
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C. Proposal to Higher 
Authority

Preparation of presentation material
 Easily understandable explanation
 Easily understandable logic
 Straightforward storyline
 Short-time, limited main points

 Easy-to-read documents
 Effective use of figures & tables
What is the key message from figures/tables
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When you carry out PI Solving Activity,
Repeat Self-Questionings to achieve 

good performance 

2. Are there any alternative solutions, that you have 
not yet found out?

3. Did you compare solutions well enough in light 
of cost and effectiveness?

1. Are there still any other causes that result in 
badness?

4. Did you prepare multiple solutions and analyze 
them well enough, so that your boss can 
compare and judge with your proposal?

 23

Issue Solving Activity

Work should not always be done only by 
yourself
 Instructing Junior Staffs for Information gathering
 Brain storming with other managers/officers
 Discussion with higher authority

Not special work (Routine work)
 Always consider to improve current situation

Make story and logic to convince higher 
authority using data & facts
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Issue Solving Activity

Not only beneficial for the company, but 
also for you
 Save time
 Family benefit; Enjoy private time

 Save money
Money benefit; Increasing your wage

Don’t give up solving problems or issues.
 There are many measures

 
 
QC Tools 
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Data Management
and TQM Tools

July 2014

Tokyo Electric Power Company (TEPCO)

 2

Contents

1. Significance of Data Management

2. Items of Useful TQM Tools

 
3

1. Significance of
Data Management

 

4

Why Data Management is significant? 

Data is necessary from viewpoints …

1. Survey actual conditions 
and Analyze phenomena

2. Establish Action Policies
and Do Decision-making reasonably

3. Check the proceedings 
and Control the direction

 5

Quality Management must be based on Facts 

Bad ManagementBad Management

Good ManagementGood Management

Corporate
Target

- based on Experiences, Intuitions
- impossible to reach Corporate 

Target

Corporate
Target

- based on Facts
(Data, Actual Results, 
Information or Common words)

- possible to reach Corporate Target

 
6

Advantages of Data Management 

 Quantification helps you to
deliver the information accurately to others.

 Data Management enables you to
quantify the Quality.

 Quantification helps you to easily share 
problems and avoid others’ subjectivities.

 Proposals established on Data
have the power of persuasion.

 



7

2. Items of Useful TQM Tools

 8

What are the TQM Tools?

1. TQM Tools are techniques applied in quality 
management activities.

2. They are applied in order to identify problems, 
compile information, get ideas, analyze 
factors, devise solutions to problems.

3. Using the TQM Tools is not a Goal. 
They just help us understand the problems. 
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TQM Tools (7 Tools)

 Pareto Diagrams

 Cause & Effect Diagrams

 Graphs

 Check Sheets

 Histograms

 Scatter Diagrams

 Control Charts
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4

3

2

1

Spreadsheet or records for easy 
data collecting and less-
mistakable format.

Facilitate the data 
collection and the data 
sorting.

Check 
Sheets

Circular graph, Bar chart, Radar 
chart

Facilitate to grasp the 
information of data 
through visualization.

Graphs

Final effect is linked by
the associated causes.

Pursue the cause of the 
problem.
Sort out the knowledge 
of causes and effects.

Cause and 
Effect 

Diagrams

Bar charts of each item. 
Line plot of accumulated values

Select the Priority Issues.
Grasp the importance of 
each item.

Pareto 
Diagrams

Characteristics & ImagePurposeName

7 Tools

D
C
B
A

 11

7

6

5

Line plot dependent on time,
with regulated limits’ lines.

Facilitate to grasp the 
information of data 
through visualization.
Manage the process.
Analyze the problem in 
the process.

Control 
charts

Plot diagram of two 
parameters, each of which is 
allotted to X-axis and Y-axis.

See the co-relation 
between two 
parameters.
Study co-relation and 
recurrence.

Scatter 
Diagrams

Bar charts of the frequency 
distribution table.

Grasp the data 
dispersion.
Grasp the 
characteristics of 
distribution.

Histograms

Characteristics & ImagePurposeName

7 Tools
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① Pareto Diagrams

Example

100%1253Loose connectionD

125Total 

98%12210Stopped MetersC

90%11222Power TheftB

72%9090Transformer 
UnbalanceA

Cumulative
%

Cumulative
No.

No. of
cases

System Loss
item

Group

N
um

be
r o

f c
as

es

 Put Simple Bar diagram in descending order,
and draw a cumulative line plot

 Easy to grasp the “dominant factors” of the problem

Ａ Ｂ Ｃ D

125

100

75

50

25

0

50

％

0

100

C
um

ulative rate

No.

90%

Ａ Ｂ Ｃ D

 Purpose is to find out dominant factors of the problems

“System Loss data”
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② Cause & Effect Diagrams

Effect

Example

 Write “ Effect (Result) ” on the right side
of a “Back Bone”

Back Bone

 Purpose is to arrange “Causes” &  “Effect (Result)”
of the Problem

Large Bone

Write classification of “Causes” at the end of
“Large Bones”

Middle Bone

Small Bone

Write “Causes” into “Middle” & “Small Bones”  14

② Cause & Effect Diagrams

 Brain storming session is a principle rules
to list up “Causes”

Points to Remember when constructing Diagrams

 Reach a team consensus

 Use as few words as possible

 Repeat “Why” over and over again

with all Participants

 “Group thinking” is more effective

than “Individual thinking”

 
15

Why Car 
Accidents happen

Car

Driver

Road

Breakdown

Rough surface

Fatigue
Lack of Sleep

No maintenance 

Busy work

Family circumstances

Shortsightedness

Manufacturing badness

Hollows

Falling objects

Disordered Sleep 

② Cause & Effect Diagrams
Sample

Effect

Custom to sit up late at night  

No days off

Human, animals

classificationclassification

classification

“Why Car Accidents 
happen”
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③ Histograms

Fr
eq

ue
nc

y

Example

 X-axis for Intervals of measured values,
Y-axis for Frequency within each intervals

 Purpose is to see the Dispersion and the Average
of the data

Intervals of measured values
X

Y
Interval

Width of Interval

Boundary value
of interval

Center value
of interval

 Histograms give information as below;
(1) Center of the Data   (2) Amplitude of dispersion 
(3) Shape of distribution
(4) Existence or non-existence of Abnormality
(5) Deviation from the Standard Ranges  17

③ Histograms
How to Construct a Histogram

 Step 1: Collect Data

Dimensions of Products A [mm]

O: Maximum value of each column, X:Minimum value of each column

45.445.245.445.2X 44.845.745.8X 45.045.544.8
45.1X 45.045.045.144.945.945.345.846.0XX 43.9
45.045.1X 44.2X 44.845.345.7X 45.245.745.344.6
44.645.546.145.946.147.345.545.3X 45.244.5
45.545.746.545.746.047.546.745.245.7O 46.9

X 44.545.646.146.645.945.8O 47.545.946.845.7
O 45.745.2O 46.846.745.745.346.4O 46.145.745.8

45.2O 47.345.446.1OO 48.0X 45.146.045.8O 47.645.3
45.645.244.946.245.745.545.645.146.846.2
45.1X 45.045.4O 46.845.8O 47.7X 45.245.647.145.1

 Step 2: Find Maximum and Minimum of Data
- Arrange data in the Matrix style

- Find Maximum and Minimum value in each column (row)
- Find the Grand Max. and Min. from the marked values

 
18

③ Histograms
Example to Construct a Histogram
 Step 3: Make up a Frequency Table

100Total

48.0547.85 – 48.2511

47.6547.45 – 47.8510

47.2547.05 – 47.459

46.8546.65 – 47.058

46.4546.25 – 46.657

46.0545.85 – 46.256

45.6545.45 – 45.855

45.2545.05 – 45.454

44.8544.65 – 45.053

44.4544.25 – 44.652

44.0543.85 – 44.251

FrequencyTickCenter of IntervalBoundary of IntervalNo.

1

4

3

7

3

14

26

26

10

4

2

Example : Width of Interval = 0.4 mm  

19

③ Histograms
Example to Construct a Histogram
 Step 4: Draw a Histogram

Fr
eq

ue
nc

y

Dimension

44.05      44.85       45.65       46.45       47.25       48.05 [mm]
44.45      45.25       46.05       46.85       47.65

5

10

15

20

25

 20

③ Histograms

This type includes Multiple 
groups of data, which 
have different Average 
values

It is important to get a clue
from the Shape of Histograms
for solving the Priority Issues!

D. Highland Shape

This type is where Data 
was collected right after 
some arrangements or 
refurbishments are done

Completely different type 
of two elements, such as 
equipment, measuring 
ways, put out this type

G. Cliff ShapeC. Two-Humped Shape

This type is phenomena 
where the cases are Low-
frequent incident, or the 
cases have physical 
constraints on one side

Failures in measurements 
or erroneous adjustments 
in machines put out this 
type of Histogram

F. Skirt ShapeB. Outer Island Shape

This type results from peculiarity 
of measuring instruments, bad 
scale reading or bad making of 
Histogram (bad selection of 
Interval boundary)

This type of Histogram 
has relations to well-
managed, stable process 
or status

E. Comb ShapeA. Regular Shape
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④ Scatter Diagrams 

Example

Plot the points where X & Y intersects 

Purpose is to examine the relationship   
between two variables

Transformer Unbalance

Lo
ss

X-axis

Y-axis
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④ Scatter Diagrams
Estimation of Scatter Diagrams

(1) Examine Abnormal points, which deviate from the plotted group

X

Y
Abnormal Values

(2) Examine the relationship between two variables

X

Y

Figure 2-A   Positive correlation
X

Y

Figure 2-B   Negative correlation
X

Y

Figure 2-C   No relation

X

Y

Figure 2-D   Strong Positive correlation
X

Y

Figure 2-E   Strong Negative correlation  23

Tool Selection Guide for 7 Tools

●

○

●

●

○

Check 
sheet

●

●

○

◎

Cause-
effect 

diagram

○

●

●

◎

○

Histo-
gram

◎

○

◎

●

Pareto 
Chart

○●
◎

Bar chart, 
line graph

Confirmation of the 
effect6

●◎
●

Bar chart, 
line graph

Analysis of element4

○○
●

Bar chart, 
line graph

Understanding of the 
present status and 
goal setting

2

○
◎

Bar chart, 
line graph

Identification of 
issue1

●○
Standardization and 
establishment of 
control

7

◎
Study on and 
implementation of 
the countermeasure

5

●
Gantt Chart

Preparation of action 
plan3

Scatter-
ed 

diagram

Control 
chartGraph

Tool
Sequence
of procedure

N
o.
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Thank you for your attention
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Exercise : QC Tools
- Basic of Statistics -

July 2014
Tokyo Electric Power Co.

Lecturer
JICA Technical Cooperation Project 
Improvement of Efficiency for Rural Power Supply Phase II

 5

Table of Contents

 Review of Items of Useful TQM Tools

 Exercise ：Histograms

 Exercise ： Scatter Diagrams

 Exercise ： Control Charts

 Attention

Lecture
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1. Items of Useful TQM Tools

Lecture

 

7

What are the TQM Tools?

1. TQM Tools are techniques applied in quality 
management activities.

2. They are applied in order to identify problems, 
compile information, get ideas, analyze 
factors, devise solutions to problems.

3. Using the TQM Tools is not a Goal. 
They just help us understand the problems. 

Lecture

 8

TQM Tools

7 Tools

 Pareto Diagrams

 Cause & Effect Diagrams

 Graphs

 Check Sheets

Histograms

 Scatter Diagrams

 Control Charts

Numeric Data Analysis

Lecture

 
9

7 Tools

Line plot dependent on time, 
with regulated limits’ lines.

Facilitate to grasp the information 
of data through visualization.
Manage the process.
Analyze the problem in the process.

Control chartsControl charts

Plot diagram of two parameters, 
each of which is allotted to X-
axis and Y-axis.

See the correlation between two 
parameters.
Study correlation and regression.

Scatter Scatter 
DiagramsDiagrams

Bar charts of the frequency 
distribution table.

Grasp the data dispersion.
Grasp the characteristics of 
distribution.

HistogramsHistograms

Spreadsheet or records for easy 
data collecting and less-
mistakable format.

Facilitate the data collection and 
the data sorting.Check SheetsCheck Sheets

Circular graph, Bar chart, Radar 
chart

Facilitate to grasp the information 
of data through visualization.GraphsGraphs

Final effect is linked by the 
associated causes.

Pursue the cause of the problem.
Sort out the knowledge of causes 
and effects.

Cause and Cause and 
Effect DiagramsEffect Diagrams

Bar charts of each item. 
Line plot of accumulated values

Select the Priority Issues.
Grasp the importance of each item.

Pareto Pareto 
DiagramsDiagrams

Characteristics & ImagePurposeName

D

C

B

A

Lecture
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2. Exercise ：Histograms

Lecture

 11

① Histograms

Fr
eq

ue
nc

y

Example

 X-axis for Intervals of measured values,
Y-axis for Frequency within each intervals

 Purpose is to see the Dispersion and the Average
of the data

Intervals of measured values
X

Y
Interval

Width of Interval

Boundary value
of interval

Center value
of interval

 Histograms give information as below;
(1) Center of the Data   
(2) Amplitude of dispersion 
(3) Shape of distribution
(4) Existence or non-existence of Abnormality

Lecture
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20 Men's heights (raw data)

181191549

165131393

154121632

166111581

156161446

172151565

148141574

1592014910

167181768

162171527

Heights (cm)No.Heights (cm)No.

Exercise 1  Making histogram (1)
Make a histogram and explain your graph to 
your audience.

Question

Hints
Min, and Max
Class interval (10cm)
Mid point
Tally
Frequency
Relative frequency
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180-1906

Relative 
Frequency

150-1603

140-1502
130-1401

Total

170-1805

160-1704

Accumulativ
e

Frequency

FrequencyMidpointClass 
intervals

Class 
No

Max= , Min= , Range=Max-Min= - = cm
Class interval=10cm

QuestionExercise 1  Making histogram (1)
Make a histogram and explain your graph to 
your audience.

 14

Exercise 1  Making histogram (2)
When class interval changes to 5cm from 10cm, 
make a histogram.

180-18510

155-1605

150-1554

145-1503

140-1452

135-1401

Relative 
Frequency

170-1758

165-1707

160-1656

Total

175-1809

Accumulative
Frequency

FrequencyMidpointClass 
intervals

Class No

Question
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Histogram [Interval=5cm]

0
1
2
3
4
5
6

13
0

13
5

14
0

14
5

15
0

15
5

16
0

16
5

17
0

17
5

18
0

18
5

Height

Fr
ec

ue
nc

y

0%
20%
40%
60%
80%
100%
120%

Histogram [interval=10cm]

0

2

4

6

8

10

130 140 150 160 170 180 190

Height (cm)

Fr
ec

ue
nc

y

0%

20%

40%

60%

80%

100%

R
el

at
iv

e 
fre

cu
en

cy

How relative frequency density 
may be approximated by a 
probability density as a sample size 
increases, and cell size decreases.

Wrapping up for Exercise 1

a smooth 
probability 
density function

Lecture
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Lecture

Variance

Variance: 

Standard deviation : σ ’

Coefficient of variation: C= σ ’/

Spread of Distribution

Above the distribution (or data), 
mean, median, and mode are same, 
but different spread of distribution.

 17

Lecture

Variance

Variance: 

Standard deviation : σ ’

Coefficient of variation: C= σ ’/

Spread of Distribution

A normalized measure of dispersion of a probability distribution. It is 
defined as the ratio of the standard deviation to the mean.

A measure of the variability or dispersion of a population, a data set, 
or a probability distribution. A low standard deviation indicates that 
the data points tend to be very close to the same value (the mean), 
while high standard deviation indicates that the data are “spread 
out” over a large range of values.

A random variable, probability distribution, or sample is a measure of 
statistical dispersion, averaging the squared distance of its possible 
values from the expected value (mean). Whereas the mean is a way to 
describe the location of a distribution, the variance is a way to capture 
its scale or degree of being spread out. 
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Spread of Distribution
View of Variance and Standard deviation 

Mean
(158.9)

+-

158

163

139

Variance

= Standard deviation

=   Σ (Difference)2

Variance

N -1

1

Use the Square

Lecture

 



19

For the normal distribution, this accounts for 68.27 % of the set; while two 
standard deviations from the mean (medium and dark blue) account for 
95.45 %; three standard deviations (light, medium, and dark blue) account 
for 99.73 %; and four standard deviations account for 99.994 %.

To understand standard deviation, keep in mind that variance is the 
average of the squared differences between data points and the mean. 
Variance is tabulated in units squared. Standard deviation, being the 
square root of that quantity, therefore measures the spread of data about 
the mean, measured in the same units as the data.

Normal Distribution
Probability density function
which is the formula for the 
general normal distribution.

Spread of Distribution Lecture

 20

Histogram [interval=10cm]

0

2

4

6

8

10

130 140 150 160 170 180 190

Height (cm)

Fr
ec

ue
nc

y

0%

20%

40%

60%

80%

100%

R
el

at
iv

e 
fre

cu
en

cy

Spread of Distribution Lecture
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Question

(a) Calculate mean, variance, and standard deviation

(b) Find out abnormal (extraordinary) value

Exercise 2  Variance
(Spread of Distribution)

181191549

165131393

154121632

166111581

156161446

172151565

148141574

1592014910

167181768

162171527

Heights (cm)No.Heights (cm)No.

Variance: 

Standard deviation : σ ’
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3. Exercise ： Scatter Diagrams

Lecture

 23

② Scatter Diagrams

Transformer Unbalance

A
TC

  L
O

SS

Example

 Plot the points where X & Y intersects 

 Purpose is to examine the relationship between
two variables

X-axis

Y-axis

Lecture
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② Scatter Diagrams
Estimation of Scatter Diagrams

(1) Examine Abnormal points, which deviates from the plotted group

X

Y
Abnormal Values

(2) Examine the relationship between two variables

X

Y

Figure 2-A   Positive correlation
X

Y

Figure 2-B   Negative correlation
X

Y

Figure 2-C   No relation

X

Y

Figure 2-D   Strong Positive correlation
X

Y

Figure 2-E   Strong Negative correlation

Lecture
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Correlation coefficient

Covariance

X

Y

Y

X

(X1,Y1)

(X2,Y2)

1
N-1Σ ( Xi–X ) ( Yi-Y )

Positive correlation

+ +(X,Y)

+

- Negative correlation

- -

Lecture
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Scattered Diagram for “Electric Power Consumption
and Maximum Transformer Electric Current”（Ａ）

M
ax

im
um

 tr
an

sf
or

m
er

 c
ur

re
nt

Electric power consumption

（kW）1,000 2,000 3,000 4,000 5,000 6,000 7,000

300

250

200

150

100

50

0

☆ It may be noted that the electric 
power consumption and the 
maximum transformer current 
have the positive correlation.

～ The maximum transformer current increases as 
the electric power consumption increases. ～

Positive 
correlation

Number of data

Regression line

② Scatter Diagrams
Sample 

Lecture
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Correlation coefficient

Coefficient of Correlation r = √r2

(Σ XiYi－n・Xmean ・Ymean)2                     

(Σ Xi2－n・Xmean2)・ (Σ Yi2－n・Ymean2)    
r2 =

( )

( 2－n )・ (Σ －n・Ymean )    
=

1
N-1Σ ( Xi–X ) ( Yi-Y )

Lecture
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Scatter Diagrams

X

Y

X

Y

X

Y

r=0.9r=0.7r ≓ 0.0

What is Coefficient of Correlation r

There is correlation

Difficult to confirm correlation between x and y

Lecture
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Regression Analysis 
Ordinary Least Squares method (OLS)
Regression Analysis is a technique used for the modeling and analysis 
of numerical data consisting of values of a dependent variable (response 
variable) and of one or more independent variables (explanatory 
variables). The dependent variable in the regression equation is modeled 
as a function of the independent variables, corresponding parameters
("constants"), and an error term. The parameters are estimated so as to 
give a "best fit" of the data. Most commonly the best fit is evaluated by 
using Ordinary Least Squares method (OLS).

Regression Equation

Best fit regression equation is 
determined when sum of error 
terms is the least. This is OLS. 

Lecture

Y = a + b X + e
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Deviation of the Regression Equation

Y = a + b X + e → e = Y – a – b X → e2 = Σ (Y – a – b X )2

Use the Square

Differentiate 

Σ (Y – a – b X )2 =Σ - 2 (Y – a – b X) =0→Σ Y –na –bΣ X = 0∂
∂a

Σ (Y – a – b X )2 =Σ -2X(Y – a – bX) =0→Σ XY–aΣ X–bΣ X = 0∂
∂b

times n

times Σ X

Σ XΣ Y-b(Σ X )2 –nΣ XY+nbΣ X2 = 0

b = b = 
Σ XiYi－n・Xmean ・Ymean

Σ Xi2－n・Xmean2

Σ XiYi－n・Xmean ・Ymean

Σ Xi2－n・Xmean2

a=(Σ Y- bΣ X) /n

a = Ymean - XmeanYmean - b・Xmeana =

Lecture
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Calculate Regression Equation, and 
Coefficient of Correlation 

26306

22255

19

18

14

13

Spring length
(cm)

Y

20

15

10

5

Wight 
(g)

XNo.

3

2

1

4

Spring 
length(cm)

Weight (g)

QuestionExercise 3a (Regression Analysis)
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Exercise 3b (Regression Analysis)

(1) Any correlation between Load factor and transformer temp?

(2) What is prediction of temperature when load factor is 100%? 

Question
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4. Exercise ： Control Charts

Lecture
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③ Control Charts

UPPER CONTROL LIMIT

LOWER CONTROL LIMIT

CENTRAL LINE

Example

 UCL (Upper Control Limit) & LCL (Lower Control Limit) 
are statistically determined on either side of Center Line

 Purpose is to see whether the conditions are in preferable
status or not

 No abnormality in dispersion, then condition is STABLE 

 If points are outside limits – indicates unusual causes 

Lecture
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15５

Control Chart for “Blood Pressure Value 

for Half a Year” (X-R chart)

Ｒ

UCL
= 139.3

CL
= 134.4

LCL
= 129.5

UCL
= 12.3

CL
= 4.6

Ｘ

Lower Control Limit

Upper Control Limit

Group number (day)

140

135

130

10

5

0

（㎜Hg）

(Mean value)

(Dispersion)

April 1 to April 15, 2004; Mr. 
A’s blood pressure values

*Measurement: 3 times a day

← Abnormal condition (out of control)

Central Line

③ Control Charts
Sample Chart

Lecture
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QuestionExercise 4 (Control Charts)

Make Data Analysis and find out the extraordinary 
phenomenon to prevent major accident. 

Standard Deviation = 2
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5. Attention

Lecture
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When you carry out PI Solving Activity,
Repeat self-questionings to achieve good performance 

2. Are there still any Alternative Solutions, that you have not 
yet found out?

3. Did you compare Solutions well enough in light of Cost 
and Effectiveness?

1. Are there still any other Causes that result in Badness?

4. Did you prepare multiple Solutions and analyze them 
well enough so that your Boss can compare and judge 
with your proposals?

Lecture
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 Quantitative description of your Issue

 Quantitative Verification of Adequacy of your proposed 

countermeasure

 Cost-effect comparison among several 

Countermeasures

The points are as below, when you wrap up your 
Achievement Report

Lecture

 
 
Basic of Economic Analysis 
 

1

Basic of Economic Analysis

July 2014
Tokyo Electric Power Co.

JICA Technical Cooperation Project 
Improvement of Efficiency for Rural Power Supply Phase II

 2

Table of Contents
 Review of PI Solving Activity

 Introduction of Evaluating Methods

 1. Return on Investment (ROI)

 2. Simple Payback Period (SPP)

 Time Value of Money

 Life-Cycle Cash Flow

 Risk Consideration

 3. Net Present Value (NPV)

 4. Internal Rate of Return (IRR)

 Practice 1, 2

Lecture
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Review of PI Solving Activity
A. Selection of Study Theme

To select the issue with the highest priority to meet the given management target

B. Establishment of improvement measures
To conduct activities from current situation analysis to establishment of 

improvement measures

C. Proposal to management class
To make a presentation to the management class based on documents, explaining 

the improvement measure and its adequacy

D. Indication from the management class
The management class will make comments to the proposal

E. Approval of management class &
Implementation of improvement measure

Lecture
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B. Establishment of Improvement Measures

Review of PI Solving Activity

1. Evaluation, Quantification of Current Badness

3. Establishment of Countermeasure Plans

4. Evaluation of Cost-Benefit Performance

4
5. Determination of Implementing Countermeasure

2. Cause Analysis

Lecture

 5

Review of PI Solving Activity
4. Evaluation of Cost-Benefit Performance

(or Cost-effectiveness, Investment efficiency)

Lecture

Economic analysis is an important tool for 
decision-making
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Introduction of Evaluating Methods

When evaluating the economic efficiency 
among several countermeasure plans (or 
projects), the most commonly used 
methods (indicators) are: ROI, Payback 
Period, NPV and IRR. 
Both NPV and IRR are better techniques 
than ROI and Payback, because NPV and 
IRR favor long-term, and hence more 
risky projects that power utilities like BPC 
should be doing.

Lecture
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Comparison of major methods

Yes

Yes

No

No

Life-cycle 
cash flows

Yes

Yes

No

No

Time value
of money 

NoYesNet Present Value
(NPV)

NoYesInternal Rate of Return
(IRR)

YesNoSimple Payback Period
(SPP)

YesNoReturn on Investment
(ROI)

Easy to
understand

Risk
considerations

Introduction of Evaluating Methods
Lecture
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1. Return on Investment (ROI)

Return on Investment (ROI) is the ratio 
of money gained on an investment 
relative to the amount of money invested.  
ROI refers to the rate of the profit  
against the amount of investment. It is 
thus usually given as a percent value.
ROI = Return from investment / Cost of 
investment

Lecture
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1. Return on Investment (ROI)
For instance, a $1,000 investment that 
earns $50 per year generates more return 
than a $100 investment that earns $20. 
However, the $100 investment earns a 
higher ROI.

$50 / $1,000 = 5% ROI
$20 / $100 = 20% ROI

Lecture
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1. Feature of ROI

Time value of money (interest rate 
and risks) is not considered.

Does not indicate how long an 
investment is held. Indicates an 
annualized rate of return.

Disadvantages

Easy to understand
Simple calculation

Advantages

How profitable an investment is .
Higher ROI is preferable to lower ROI.

Criteria

Lecture
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Topic: Cash Flow (CF) 
Cash flow is a measure of cash inflow and outflow which 
generate from a income-generating project.
Net cash flow refers to the excess of cash inflows over 
cash outflows (the amount of remaining money) in a 
given operation or a certain period of time.
It is a measure of economic efficiency but does not 
coincide with the accounting term “profit”.
The table below is an example of cash flow statement:

Lecture

 
12

-$1,000

0

$80

3

$50

4

$40$90$100Net Cash flow

521Year

Exercise (ROI)

Net cash flow on $1,000 investment

Calculate the ROI of each year:

-ROI
543210Year

4%5%8%9%10%

Question
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2. Simple Payback Period (SPP)

Payback period (PP) refers to the period 
of time required for the return on an 
investment to “repay” the sum of the 
original investment. 
For example, a $1,000 investment 
which returned  $500 per year would 
have a two year payback period.

Lecture
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2. Feature of SPP

Time value of money (interest rate 
and risks) is not considered.

Ignores the cash flow after payback 
period.

Disadvantages

Easy to understand.
Simple calculation.

Advantages

How long it takes to pay for itself.
Shorter payback period is preferable 

to longer payback period.

Criteria

Lecture
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+$1,500

1

+$1,000+$1,000- $3,000Net cash flow

320Year

Exercise (SPP)

How long is the payback period?

3,000 = 1,500 + 1,000 + 500  
 2.5 years

Question
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Time Value of Money

Congratulations! You have won a cash prize. You 
have two options:
Option A. Receive $10,000 now
Option B. Receive $10,000 three years later.
You would choose to receive the $10,000 now. It 
is better to have it now rather than later. But why?
Actually, although the amount is the same, you 
can do much more with the money if you have it 
now: over time you can earn more interest on your 
money.

Lecture
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Time Value of Money
Image of Option A and B

  year year  
    1 2    

Present Value Future Value

Option A $10,000 $10,000 + Interest

Option B $10,000 - Interest (Discounting) $10,000

yearyear

Interest rate

Discount rate

30

Lecture
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Time Value of Money (FV)

For example, 
 Present value: $10,000
 Interest rate: 10% per year
 Future value (FV) becomes $11,000 

(1 year later) 

Present $10,000 = Future $11,000 (1 year later) 

Lecture
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Exercise (FV)
If you choose option A and invest the total amount 
at a annual rate of 10%, calculate the future value.

After 1 year : $10,000 x (1+10%) = 
After 2 years: $11,000 x (1+10%) = 
After 3 years: $12,100 x (1+10%) = 

Future Value = Cash x (1+Interest rate)  No. years

FV = Cash * (1+r)n

$10,000 x (1+10%)3
 $13,310

$11,000

$12,100

$13,310

Question

 20

Future value of $1 ‘n’ year(s) later = 1 x (1+r)n

Assuming interest rate of 10%, what’s the future 
value of $100 at year 7 (seven) ? 

1.7721.5011.3406
1.9491.6061.4077

1.6111.4031.2765
1.4641.3111.2164
1.3311.2251.1583
1.2101.1451.1032

1.1001.0701.0501

10%7%5%n
Interest rate (%)

Exercise (FV for each Interest Rate)

 $194.9 

Question
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Time Value of Money (FV)

Image of Option A

Future Value
$13,310

year year year year
0 1 2 3

Present Value
$10,000

Interest Rate (10%)
Compounding

Lecture
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Time Value of Money (PV)

Present value (PV) is the current worth of a future 
money, discounted to reflect the time value of 
money by using a specified rate of return. 
Future money is discounted at the discount rate. 
The higher the discount rate, the lower the 
present value of the future money.
Receiving $10,000 now (A) is worth more than 
$10,000 three years from now (B), because if you 
had the money now, you could invest it and 
receive an additional return over the three years.

Lecture
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Time Value of Money (PV)

For example, 
 Future value (1 year later): $11,000
 Discount rate: 10% per year
 Present value becomes $10,000   

Future $11,000 (1 year later) = Present $10,000

Lecture

 
24

Exercise (PV)
If you choose option B with a discount rate of 10%, 
calculate the Present Value.

After 1 year : $10,000 / (1+10%)  = 
After 2 years: $10,000 / (1+10%)2 = 
After 3 years: $10,000 / (1+10%)3

Present Value = Cash / (1+Discount rate)  No. years

PV = Cash / (1+i)n

$9,091

$8,264

 $7,513

Question
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Present value of $1 ‘n’ year(s) later = 1 / (1+r)n

Assuming discount rate of 10%, what’s the present 
value of $100 at year 7 (seven) ? 

0.5640.6660.7466
0.5130.6230.7117

0.6210.7130.7845
0.6830.7630.8234
0.7510.8160.8643
0.8260.8730.9072
0.9090.9350.9521
10%7%5%n

Discount rate (%)

Exercise (Discount Rate)

 $51.3

Question
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$10,000

= $7,513

3 years later

= $9,901

$10,000

Present 1 year later 2 years later

$10,000 /

$10,000 /

$10,000 /

$10,000

= $8,264

(1+10%)

(1+10%)2

(1+10%)3

Time Value of Money (PV)
Lecture
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$10,000
= $12,100

Present 1 year later 2 years later

$10,000 X

$10,000 /

$10,000

= $8,264(1+10%)
2

(1+10%) 2

Time Value of Money (PV)
2 years before 1 year before

Lecture
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Time Value of Money (PV)

Image of Option B

Future Value (FV)
$10,000

year year year year
0 1 2 3

Present Value (PV)
$7,513

Discount Rate (10%)
Discounting

Lecture
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Life-cycle cash flow (LCC) is an analysis 
of the total cash flow of an investment 
plan or project over its service life, 
allowing a comprehensive assessment of 
anticipated cash flow associated with the 
plan or project.
Factors commonly considered in LCC 
analysis are initial investment, sales 
incomes, O&M costs, financing costs and 
expected life of project.

Life-Cycle Cash Flow (LCC)
Lecture
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20
80

0

3

20
80

0

4

20
80

0

5

20
80

0

6

20
80

0

7

20
80

0

1

800Sales

0300Investment

200O&M

20Year

Exercise (LCC)

Calculate net cash flow of each year on the table below:

For example, 
 Construction : $300M
 Electricity Sales : $80M 
 O&M : $20M
 Life-cycle : 7 years

Net cash flow 60606060606060-300Net cash flow

Question
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Life-Cycle Cash Flow (LCC)
Cash flow diagram of the said example

Net cash flow

Time sequence (life-cycle)

Investment

Lecture
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Risk Consideration
Risk is inseparable from return. Every investment 
involves some degree of risk.

Risk is the possibility of a return being more 
different than expected.

Present Year 1 Year 2 Year 3

-$1,000mil. $105mil. $95mil. $100mil.

-$1,000mil. $50mil. $180mil. $70mil.

-$1,000mil. $0mil. $250mil. $50mil.

Net cash flow

Plan 1

Too Risky

Plan 2

Plan 3

Not Risky

Risky

Lecture
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Topic: Discount Cash Flow (DCF) Analysis
For power utilities, the investment efficiency evaluation 
(IEE) requires a long-term viewpoint, taking into account the 
life-cycle cash flow of projects or investments, which is 
inevitably accompanied by the time value of money and 
some degree of risks.
Discounted cash flow (DCF) analysis is the one that takes 
into consideration all of the above three concerns. The DCF 
analysis consists of two methods: NPV and IRR.
The process of investment decision-making by using DCF 
analysis is as follows:

DCF analysis is widely used for power utilities to evaluate 
the economic efficiency of long-term investment.

1. All future cash flow
2. Convert to PV
with discount rate 

3. Calculation 
(NPV or IRR)

(Life-cycle cash flow) (Time value & Risks)

Lecture
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Topic: How to Set a Discount Rate?

Theoretical definition of discount rate are:
 Expected rate of return for investments
 Time value of money + Risk-considered return
 Cost of capital (financing cost for investments)

In practice, we can appropriately set a discount 
rate by referring to: 
1) Interest rate charged by a Central Bank on a loan to a 

member bank (What is Bhutan’s rate?).
2) Interest rate of short-term Government bond 

distributing in the country. 

Lecture
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3. Net Present Value (NPV)

Net Present Value (NPV) is the standard 
method for profitability analysis of long-
term projects or investments.
NPV refers to the present value of 
expected future cash flows (inflows), 
minus cash outflows (initial investment).
Time value of money is taken into 
consideration by setting a certain discount 
rate.

Lecture

 
36

3. Feature of NPV

Setting a discount rate is difficult.Disadvantages

Can be applied to compare two or 
more mutually exclusive projects.

Takes into consideration the scale 
of investments.

Advantages

NPV > 0 : Acceptable
NPV < 0 : Not acceptable
The larger the NPV, the better the 

project.

Criteria

Lecture
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3. Steps in Calculating NPV 
1)  Calculation of expected cash inflows and out flows
2)  Calculate the net cash flow per year
3)  Convert each cash flow by using discount rate, 

then summate each of obtained present value  

$60mil.$60mil.$60mil.-$60mil.$60mil.$60mil.-$200mil.
Net cash flow 
at each year

$80mil.$80mil.$80mil.$80mil.$80mil.$80mil.Expected 
Revenue

PV5

-$20mil.

5

PV6PV4PV3PV2PV1PV0NPV ?

-$20mil.

2

-$20mil.

3

-$20mil.-$20mil.-$20mil.O&M Cost

-$200mil.Investment

6410Year

1) Expected 
CF statement

-$20mil.

2) Net CF   
per year

Expected 
Revenue

O&M Cost

Investment

Year

Net cash flow Net cash flow Net cash flow 
at each yearat each yearat each yearat each year

3) NPV by 
discounting

Lecture
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n
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0













3. Formula of NPV

Where
i : Discount rate

CFn: Net cash flow at year “n”
Net CFn= (Cash inflow)n - (Cash outflow)n

PV3 PVnPV2PV1PV0NPV 

CF3 CFnCF2CF1CF0Net CF 

Lecture
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3. Exercise (NPV)

+$2,000

2(CF2)

+2,000+$2,000-$5,000Net cash flow

3(CF3)1(CF1)0 (CF0)Year

Cash flow statement of an investment project, 
with a life-cycle of 3 years.

If the discount rate is 5%, calculate the NPV.

 $446 (NPV is positive : the project is acceptable)

$2,000 $2,000 $2,000

(1+5%) (1+5%)2 (1+5%)3
NPV = -$5,000 + + +

Question
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3. Exercise (NPV) Cont.
If the discount rate is 10%, the NPV will be…

$2,000 $2,000 $2,000

(1+10%) (1+10%)2 (1+10%)3
NPV = -$5,000 + + +

 -$26 (NPV is negative : the project is not acceptable)

Discount rate

NPV

5% 10% 15%0

NPV varies depending on the discount rate.

Question
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4. Internal Rate of Return (IRR)
Internal rate of return (IRR) refers to the discount rate 
at which the NPV is zero.

A hurdle rate, the minimum required IRR that must be 
met to undertake a particular project, is set as the 
benchmark rate.
If IRR is higher than a hurdle rate, a sort of go/no-go 
threshold (often same as capital cost or market interest 
rate), the investment may be accepted.

Lecture

 
42

4. Feature of IRR

Scale of investment/project is not 
considered.

Disadvantages

Profitability can be easily ranked in 
terms of rate of return.

Advantages

IRR > Hurdle rate : Acceptable
IRR < Hurdle rate : Not acceptable
The higher the IRR, the more 

profitable the project.

Criteria

Lecture
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 IRR= 8%

4. Exercise (IRR)

$124$136$149$2005

+ $57

$277

$168

$180

$283

- $1,000

i = 6%

Present Value

i = 10%i = 8%

+ $250

$350

$200

$200

$300

- $1,000

Expected Cash flow

+ $1

$257

$159

$171

$278

- $1,000

$2394

$2731

$1652

- $1,0000

- $49NPV

$1503

Year

What is the IRR?

Question
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Topic: Microsoft Excel Functions – NPV
Suppose that a $1,000 investment will generate $300 cash flows at the 
end of each of the next five years:

First, select B6 and type: =NPV(12%,C4:G4) and we will see the answer 
is $1,081.4. Note that we did not include the year 0 cash flow in the 
function. The NPV function will automatically discount the cash flow of 
year 0, even if it shouldn’t.
Second, remember that the NPV, according to the actual definition, is 
calculated as the present value of the expected future cash flows, minus 
the cost of the investment.
Then, we need to subtract the $1,000 of the investment. Therefore, the 
formula to calculate the net present value is: =NPV(B1,C4:G4)-B4 and 
the answer is $81.4.

Lecture
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Topic: Microsoft Excel Functions – IRR
Calculating the IRR is easier, because the IRR function automatically 
takes the initial cash outflow into account. IRR function is defined as:

IRR(range, estimated IRR)

Note that the “range” is a series of net cash flows, including the initial 
investment. The “estimated IRR” is optional and generally isn't needed. 
Thus the function in B6 is: =IRR(B3:B3).
As seen above, the answer is 15.2%. This means that if we implement 
the investment for $1,000 now, the compound average annual rate of 
return will be 15.2% per year.

Lecture
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Information

Maximum load factor: 68.1%
 18th-June 18:00 

Maximum oil temperature: 86.4 deg-C
 Less than limit (90 deg-C)
 17th-June 15:00 

Peak hours: 12:00 - 18:00 
Off-Peak hours: 00:00 - 06:00
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0-10% 10-20% 20-30% 30-40% 40-50% 50-60% 60-70%

(Numbers)

Histogram of Load Factor

N=240

40-50%: most frequent occur
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Information

Average load factor: 44.9%
Mode: 40% - 50%
Minimum load factor: 26.6% (except 
stop) 
 30th-June 00:00
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Load Factor (%)
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Load Factor and Oil Temperature
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Recommendation & 
Information

We should investigate the reason why 
this transformer stopped in detail.
We should investigate the influence at 
customer in detail.
Availability: 94.6%
 30days x 24hrs = 720hrs

720 - 39
720

= 94.6%

 

10

0

20

40

60

80

100

7-Jun 8-Jun 9-Jun 10-
Jun

11-
Jun

12-
Jun

13-
Jun

14-
Jun

15-
Jun

16-
Jun

Oil temperature Ambient temperature(deg C)

Doubtful Data
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Recommendation

We should check data logging 
procedure. 
 How to write data log sheet every 

day/hour by operators
 How to check data by supervisor
 How to make monthly report
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Not Working Meter
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Recommendation

We should check Oil temperature 
metering system immediately.
 Meter 
 Connecting cable
 Sensor
 Mechanical system (at data conversion)
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Relation between Load Factor 
and Oil Temperature

y = 62.508x + 27.979
R2 = 0.405
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y = 112.07x + 5.8986
R2 = 0.8804
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y = 112.07x + 5.8986
R2 = 0.8804
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temperature will increase over limit

75%

90deg-C
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Recommendation

We cannot supply electricity when load 
factor increase more than 75%.
We should start to study for increasing 
supply capacity immediately.
 To install cooling system (fan) 
 To install more transformer
 To replace transformer to bigger one
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Other Information
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Relation between Load Factor 
and Temperature Difference

y = 88.863x - 11.472
R2 = 0.9931
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y = 0.0103x + 0.1788
R2 = 0.2368
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Thank you for your kind 
attention
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1. Purpose for this Presentation.1. Purpose for this Presentation.

- Looking back presentation of the PI report 
meeting of September last year, and we think 
about more effective way for some figures 
(graph) on presentation today. 
-Introduce some Excel function.

 

©2014 Tokyo Electric Power Company, INC. All Rights Reserved.

2. Reviews of the previous presentation2. Reviews of the previous presentation
2.1 Case study 12.1 Case study 1

Case study 1
Theme 6b (at PI Final presentation)
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2. 1 Case study 12. 1 Case study 1
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OriginalOriginalOriginalOriginal

2. 1 Case study 12. 1 Case study 1
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OriginalOriginalOriginal2. 1 Case study 12. 1 Case study 1
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What is the main purpose of these sheet?

Compeer to three items of each three ESD’s customer satisfaction 
about  “O&M”, “Complements Management” and “Meter reading, 
billing situation”

OriginalOriginalOriginal

2. 1 Case study 12. 1 Case study 1
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Countermeasures what we think…
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After 
Rearrangement

After 
Rearrangemearrangement

After 
Rearrangement2. 1 Case study 12. 1 Case study 1
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Almost all customer of these three ESD are satisfying tier service. 
Tongsa ESD: Three item are hi compaired with other ESD.
These three items seems to related to each other.
Trongsa ESD seems has some trouble at O&M, Tsirang ESD seems has 

ploblam at meter Reading, Billing and paiment. Etc.

We can easily understand the customers satisfaction for three items, and 
easily to compare three ESD’s situation

2. 1 Case study 12. 1 Case study 1 After 
Rearrangement

After 
Rearrangemearrangement

After 
Rearrangement
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Good practice

2. 1 Case study 22. 1 Case study 2 OriginalOriginalOriginal
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Case study 3 & 4
Theme 6b (PI Final presentation)

2. 1 Case study 3 & 42. 1 Case study 3 & 4
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OriginalOriginalOriginal2. 1 2. 1 Case study 3

We can easily understand detail of the UG Cable fault.
But Presentation time is very short, so audience can't understand “causes of 
Outage”.
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Average 3.450
Variance 1.3583

2. 1 Case study 32. 1 Case study 3

What point we should focus?
We think outage duration of the UG Cable is most important point. 
In this case, Histogram of Outage Duration is more impressive for audiance.

After 
Rearrangement

After 
Rearrangemearrangement

After 
Rearrangement
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OriginalOriginalOriginal2. 1 Case study 42. 1 Case study 4

The size of the pie chart is related to the amount of money.
More effective to explain the amonut of money when using a bar graph.
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After 
arrangement

After 
arrangementarrangement

After 
arrangement2. 1 Case study 42. 1 Case study 4

More effective to explain the amonut of money when using a bar graph.
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After 
arrangement

After 
arrangementarrangement

After 
arrangement

2. 1 Case study 42. 1 Case study 4

If will use new fault detecting equipment, There is a possibility to ensure 
the interests of 393 thousand Nu as abenefit. Etc.

We can easily understand the benefit what introduce new equipments and 
use it.
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2. 1 Case study 52. 1 Case study 5

Case study 5
Theme 9 (at PI Final presentation)
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2. 1 Case study 52. 1 Case study 5 OriginalOriginalOriginal

This bar chart just shows “Man power Distribution of GPS/GIS user in BPC”.
But if we use scatter chart (rearrangement) …
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After 
arrangement

After 
arrangementarrangementarrangement

After 
arrangement

2. 1 Case study 42. 1 Case study 4

 ©2014 Tokyo Electric Power Company, INC. All Rights Reserved.

Scatter chart suggests, 

After 
arrangement

After 
arrangementarrangementarrangement

After 
arrangement

2. 1 Case study 42. 1 Case study 4

Whether are there existing correlation between two values?
Validity of the asymptotic curve .
In this case
There are no relation GPS user and GIS user in BPC each division.
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3. Explain for some Excel 3. Explain for some Excel FunctionFunction
3.1 Economic analysis(IRR, NPV)3.1 Economic analysis(IRR, NPV)
3.1.1 NPV: Net Present Value3.1.1 NPV: Net Present Value

percentage10.0%Interest Rate

Nu1,200,000Benefit having/using new equipment per Year

Nu400,000Benefit having/using new equipment

per month0.25Incidence of UG Fault (Assumption)

Nu5,000,000UG Faulty point detector

Table 3.1 Assumptions sheet

Table 3.2 NPV Caluculation sheet

BTN 
1,737,117

BTN 
1,274,465

BTN 
765,548

BTN 
205,739

BTN -
410,051

BTN -
1,087,420

BTN -
1,832,525

BTN -
2,652,141

BTN -
3,553,719NPV

1,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,000
-

5,000,
000

Profit and loss  
(Nu)

1,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,000Benefit  (Nu)

000000000
-

5,000,
000

Investment 
(Nu)

10987654321year

10%Interest 
(Discount) Rate

Case study : Purchase of UG Faulty point detector 
How much is Present value at 
the time of the consideration of 
the 7 years after of this 
investment?

BTN 206,000 (Appx.)
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3.1.1 NPV: Net Present Value3.1.1 NPV: Net Present Value

How to use IRR Function

1st step : make a NPV Function sheets
take a quote of equipment, Calculation of benefit about every year

2nd step : caluculate NPV used by the function of Excel
3rd step : Management judgment/Proposal to the higher authority

=NPV($I$1,$I$5:N5)
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3.1.2 IRR: Internal Rate of Return3.1.2 IRR: Internal Rate of Return

Nu1,200,000Benefit having/using new equipment per Year

Nu400,000Benefit having/using new equipment

per month0.25Incidence of UG Fault (Assumption)

Nu5,000,000UG Faulty point detector

Case study : Purchase of UG Faulty point detector 

19%17%15%12%6%-2%-15%-38%#NUM!IRR

1,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,000-5,000,000Profit and loss  
(Nu)

1,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,0001,200,000Benefit  (Nu)

000000000-5,000,000Investment (Nu)

10987654321year

Table 3.1 Assumptions sheet

Table 3.2 IRR Caluculation sheet

How much is the Benefit will 
return at the 6 years later?

6%
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=IRR($I$5:N5)

3.3.2 IRR: Internal Rate of Return3.3.2 IRR: Internal Rate of Return

How to use IRR Function

1st step : make a IRR Function sheets
take a quote of equipment, Calculation of benefit

2nd step : caluculate IRR used by the function of Excel
3rd step : Management judgment/Proposal to the higher authority
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3.2 Statistic analysis3.2 Statistic analysis
3.2.1 How to make histgram3.2.1 How to make histgram

tool

Analyzing tool

Histogram

11stst stapstap 22ndnd stapstap
Calucutated by Excel functionCalucutated by Excel function
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3.2.1 How to make histgram3.2.1 How to make histgram

Enter rangeEnter range
Section rangeSection range

Statistic ValueStatistic Value33rdrd stapstap

Easy to get Easy to get 
histogram and datas.histogram and datas.
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3.2.2 Correlation coefficient3.2.2 Correlation coefficient

Ｎ

Ｌ

Ｉ

Ｈ

ＮＬＩＨ

Size dataSize data

Correlatioan coefficientCorrelatioan coefficient

Ｈ Ｉ Ｌ Ｎ

±0.5 ±0.5 ±0.5

Ｈ Ｉ Ｌ Ｎ

y = 0.1644x + 1.9712
R2 = 0.0322

5.0

5.0

5.1

5.1

5.2

5.2

5.3

19.0 19.0 19.1 19.1 19.2 19.2 19.3

H mm

I m
m

Right click on the value 

Add Trendline
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Sample data

Multivariate linkage diagram

対角要素

Appendix.Appendix.
Example of the statistical software calculation outputExample of the statistical software calculation output

We can get relation of the data easily!!
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4. Summary4. Summary

When you use the Excel chart in a presentation, 
consider what you want to express.
If effective use of the various functions of Excel, and 
lead to simplification of your work.
If you want to make a more complex statistical 
analysis, we recommend the use of statistical software.
We are expecting further development of BPC, and we 
will support from Japan.
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