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Population(million):127.68
Area(km2):377,915

Electricity 
sales(TWh):882.6

Peak demand(GW)：：：：179(1)

Total service area of Japanese 10 
Utility companies

TEPCO service area

Population(million):43.91
Area(km2):39,494

Electricity sales(TWh):288.7
Peak demand(GW)：：：：64.30
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Change in Power Demand

• Power demand is constantly increasing in slow growth .

Change of power demand in TEPCO
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１１１１．．．．Low Carbon Society Realized by Electrification

Smart Use of Electricity

• Heat Pump, Induction 
Heating

• EV etc.

Smart Use of Electricity

• Heat Pump, Induction 
Heating

• EV etc.

Reduction of CO2 emission 
by Generation Mix

• Promotion of Nuclear Power    
and Renewable Power
• Improvement in Efficiency 
of  Fossil Plants

Reduction of CO2 emission 
by Generation Mix

• Promotion of Nuclear Power    
and Renewable Power
• Improvement in Efficiency 
of  Fossil Plants

××××

Cope with changes in supply and demand Cope with changes in supply and demand 
utilizing ICT flexiblyutilizing ICT flexibly

Smart GridSmart Grid

Low Carbon Society by Low Carbon Society by 
ElectrificationElectrification

(1) Supply Side(1) Supply Side (2) Demand Side(2) Demand Side
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2．．．．Smarter Supply

���� Non Fossil Generation will 
exceed 50% by 2020

- Improvement in availability 
factor of nuclear power plants

- Further nuclear development  
(Fukushima and Higashidori)

- Increase in renewable energy

CO2 emission density in TEPCO will 
be reduced to 

0.28kg-CO2/kWh in 2020
(more than 25% reduction 

compared to 1990)

- Reduction of CO2 
emission from fossil fuel 
plants

- Introduction of most 
advanced combined 
cycle, whose efficiency 
exceeds 61%  

Energy Supply
kWh

in 2020
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3．．．．Smarter Use of Electricity

Commercial 
Building

Hot water 
supply and air 
conditioning 
by Heat Pumt

Heat Pump (HP) and Induction Heating (IH)  Heat Pump (HP) and Induction Heating (IH)  
TechnologiesTechnologies

Transportation Transportation 
ElectrificationElectrification

Electrification of 
Factory

No-steam 
factory realized 
by HP and IH 
technologies

All Electric 
House

27% reduction 
in CO2 emission

EV

75% reduction in 
CO2 emission

90 milion t-CO2 
reduction/yr in Japan

Promotion of Quick 
Charger

Highly efficient heat supply (COP: 3 to 6)Highly efficient heat supply (COP: 3 to 6)

HP has potential to reduce 130 million tHP has potential to reduce 130 million t--
CO2 emissions per year in Japan, if used CO2 emissions per year in Japan, if used 
in all available areas in the residential, in all available areas in the residential, 
commercial, and industrial sectors. commercial, and industrial sectors. 
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<Smarter Use of Electricity (1):  Electrified Factory>

Fully utilization of the state-of-the-art heat pump and other electric heating 
technologies in manufacturing processes in the factory.

Electrified FactoryElectrified FactoryConventional Factory

- cost reduction
-improved 
quality

- CO2 reduction
- improved 
efficiency

Heating
Process

HVAC

Electric 
heating 
(e.g. IH)

motivity motivityElectricity
from Grid

hot water
/ steam

Fuel

Gen.

Boiler

burner
hot
air

NAS Battery
absorption

chiller

steam

HVACcold/
hot water

Heat
Pump

Heat
Pump

hot
water Heating

Process

Cost reduction

Electricity
from Grid

chilledchilled
waterwater
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<Smarter Use of Electricity (2) :Twin-Solar>

PV
Floor Heating Hot Water 

Supply
Air 

Conditioners

56% reduction in CO2 56% reduction in CO2 
emissionemission SolarSolar--lightlight

PVPV

atmospheric 
heat source

Heat Heat 
PumpPump
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<Smarter Use of Electricity (3): EV and Quick Charger>

DC
125A

Quick Charger

3phase/200V

• Development of quick charger for EV
5 min for 40km driving range、10 min for 60km driving range

• TEPCO plans to introduce about 3,000 Electric Vehicles for business use
• Establishment of CHAdeMO Alliance to promote international standardization of 

Quick Charging Technology
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４．Needs for Smart Grid in Japan

Needs for Smart Grid to 
integrate a huge amount of 

renewables
(e.g. residential PV)

• Present Japanese Grids
– Enough investment and coordinated construction in 
Generation and Transmission sectors,
Modernization by ICT
-> Highly reliable power grids

– Load leveling with help of TOU 
and load curtailment program

2800万万万万kW

1400万万万万kW

140万kW

2005 20202008

210万kW

新たな買取制度

の実施

電力ﾈｯﾄﾜｰｸ対策の

技術開発が必要

2005年年年年のののの約約約約20倍倍倍倍

（（（（現在現在現在現在のののの目標目標目標目標））））

2005年年年年のののの約約約約10倍倍倍倍

（（（（当初目標当初目標当初目標当初目標））））
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５．Vision of Smart Grid in TEPCO

Wind 
Power

Mega 

PV

Control 

Center

Transmission 
System

Communication 
NW

Communicatio
n

Distribution System

Heat Pump

EV/PHV

Renewables

in consumers

Renewables

Providing balancing 
power for intermittent 

Generations

PV

Energy 

Conservation

Concentrated 
Generation

Reliability 

Improvement

Nuclear

Hydro

Thermal

(1) Integration of Renewable 
Energy

(3)  Modernization of Transmission and (3)  Modernization of Transmission and 
DistributionDistribution

(2) Support for Smart Use of 
Electricity

Integrated solution by utilization of ICT
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5-1 Integration of a huge amount of PV

53GW (2030)

7 million kl (28GW)

3.5 million kl (14GW)

Residential: About 
5.3 million houses

20 times the 2005 level

Requiring engineering 
development for grid 

improvement

Working out a new 
purchase system

10 times the 2005 level

Residential: 80%

Non-residential: 20%

Residential: 70%

Non-residential: 30%

Starting subsidies for 
residential solar power 

systemsNon-residential: 20%

Residential: 80%

Residential: About 
320,000 houses

0.35 million kl (1.4GW)

Accelerated by 
3 to 4 years
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Surplus electricity in low demand season with 
53GW PV penetration in 2030

SupplySupply--demand balance under the high penetration of PVdemand balance under the high penetration of PV
(it will require storage devices such as pumped storage,  batter(it will require storage devices such as pumped storage,  batteries)ies)

Hydro and Wind

Nuclear

Fossil

０ 2412 186

Pumping water Generation

Demand PV

• It will become difficult to maintain supply-demand balance especially 
in spring and autumn.

• Electrification (e.g. Heat Pumps and EV) (and demand shifting) will 
be able to reduce the electricity storage requirement.
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A model site of NAS cellCELL MODULE

System side solution
- energy storage (NAS battery) -

• Sodium-Sulfur (NAS) battery
• Typical System: 2,000kW (50kW times forty), 12,000kWh

• More than three times of energy density compared with lead-acid battery
• Load leveling, Peak shaving, Support renewable energy installation
• 95 units of 176MW installed on the site of commercial customers of TEPCO

Safety Tube

Sodium Flow Path
Beta Alumina Electrolyte

Sodium Electrode
Sulfur Electrode
Safety tube
Beta alumina
Electrolyte

Cell Case

Vacuum Thermal
Enclosure (upper)

Main Pole

Side Heater

Cell
Packed Sand

Fuse

Vacuum Thermal
Enclosure (lower)
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Demand side management at home in future
- load leveling via smart interface -

H
eat P

um
p

A
C

Air-conditioner 
with thermal 

storage

PV panel

EV

Control from grid if necessary

1 to 2 kW
1kW 3 to 5 KW

3 to 4 kW

H
E

M
S

 
C

ontroller

S
m

art 
M

eter

Controlled by IT
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6. Smart grid field tests

Social requirements for CO2 Reduction
Tangible constraints of fossil fuels

Vision: Minimize CO2 emissions and social costs and enhance power quality 
and security by making both of power grid and customers smarter

Low-Carbon Power Grid
Massive penetration of Renewables

Reduction of CO2 from Power Plants
（Nuclear，IGCC，CCS）

Possible impacts to Power Quality and Security

EV/PHEV

PV
Wind Turbines, 

Mega Solar

Industrial 
Customers

Houses Battery 
Storage

Perturbation Perturbation

Industrial 
Customers

Central 
Power Plants

Houses

Substation

Bulk Power Grid

Pumped 
Storage

Distribution Network Residential 
Customer

Storage

Voltage Regulator

S
m

art InterfaceLoop
Controller

PV

PCS
Load

Heat 
StorageHeat 

Pump

Controllable 
Load

EVStorage

Smarter monitoring & 
control

D/N
R/C

Home Automation
Smarter monitoring & 

control

Central 
Power Plants

D/N
R/C

Heat 
Load

S/I
S/I

Central 
Power Plants

Wind 
Turbines, 

Mega 
Solar

One way 
Power Flow

Two way 
Power Flow
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• Background
– Hokkaido : suitable places for 

wind energy, but limit installed 
capacity of wind energy from the 
viewpoint of supply-demand 
balance problem because of the 
small control area

– TEPCO area : large control area 
but limited wind energy resource

• Objectives
– Increase in the wind energy in 

Hokkaido area with the 
cooperation of the two 
companies

• Field tests
– Combination of new control 

scheme of wind farms and 
utilization of the interconnectors.

– Install new wind farms (100-
200MW) before 2014

Field test of wind integration by TEPCO and 
Hokkaido Electric Power Co.

Wind farm BWind farm B

Wind farm CWind farm C

Wind farm DWind farm D
北海道地域内北海道地域内

の系統の系統

��Utilization of IntertieUtilization of Intertie

��Output control of Wind farmsOutput control of Wind farms

When shortage of the control power is forecasted, When shortage of the control power is forecasted, 

output power of the wind farms are controlled.  output power of the wind farms are controlled.  

Control Control 

of Wind of Wind 

PowerPower

IntertieIntertie

Utilization of Utilization of 

intertieintertie

Control powerControl power

Base load Base load 

generation like generation like 

nuclearnuclear

Base load Base load 

generation like generation like 

nuclearnuclear

SupplySupply DemandDemand

Present situationPresent situation

Enlarged by Enlarged by 

utiliazationutiliazation ofof

IntertieIntertieSupplySupplyDemandDemand

Control PowerControl Power

Wind farm AWind farm A

TranssmisionTranssmision for TEPCOfor TEPCO

Transmission for TEPCO
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5-2 Support for Smart Use of Electricity

電力量収支電力量収支電力量収支電力量収支

ご利用状況 EV

20XX年年年年XX月月月月XX日日日日のののの発電電力量発電電力量発電電力量発電電力量とととと消費電力量消費電力量消費電力量消費電力量

00010203040506 070809 10111213141516  171819202122 
23夜間 朝晩 昼間 朝晩

夜間 朝晩 昼間 朝晩
発電電力量発電電力量発電電力量発電電力量

２３２３２３２３．．．．０３０３０３０３ kWh

消費電力量消費電力量消費電力量消費電力量

１３１３１３１３．．．．８８８８８８８８ kWh

売電電力量売電電力量売電電力量売電電力量

９９９９．．．．１５１５１５１５ kWh

発電電力発電電力発電電力発電電力
２２２２．．．．６９６９６９６９ｋＷｋＷｋＷｋＷ

売買電力売買電力売買電力売買電力
００００．．．．１３１３１３１３ｋＷｋＷｋＷｋＷ

消費電力消費電力消費電力消費電力
００００．．．．１３１３１３１３ｋＷｋＷｋＷｋＷ

発電発電発電発電

消費消費消費消費

太陽光

(2)Generation of PV

(1) Visualization of Electricity Usage 

ご利用状況 太陽光 EV

20XX年年年年XX月月月月XX日日日日のごのごのごのご利用状況利用状況利用状況利用状況

○○

△△

ご利用状況

実績

目標

00010203040506 070809 10111213141516  171819202122 
23夜間 朝晩 昼間 朝晩

夜間 朝晩 昼間 朝晩

前年同月

IP IP IP IP IP IP IP IP 
networknetworknetworknetworknetworknetworknetworknetwork

Mobile Mobile 
PhonePhone

PVPV

PC or TVPC or TV

Sensor

EVEV

Smart MeterSmart Meter

WirelessWireless

通信装置

• AMR will enable business efficiency in utility and visualization of electricity 
usage, which helps customers save the energy.
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Planned Field Test of Smart Meter

TEPCO office

Data collector

- Objective: verification of functions of AMI and AMR (not for DSM or DR)
- Test period: 2-3 years

Communication 
network

Meter

Developed Meter

Field Test of Advanced Metering Infrastructure (AMI)
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5-3 Modernization of Transmission and 
Distribution
Advanced Distribution Automation System

19

Wind, PV

PV
★★★★★★★★improvement of improvement of 
load factor load factor 

: optical fiber

★★★★★★★★unified data maintenanceunified data maintenance

★★★★★★★★remote setting remote setting 
for control devicesfor control devices

東京電
力

★★★★★★★★ Reduction of fault Reduction of fault 
point detection by point detection by 
monitoring Vmonitoring V00II0 0 
informationinformation

: sensor built-in 
switch 

★★★★★★★★Switching based on Switching based on 
phase angle phase angle 
measurementmeasurement

PVPV

AMRAMR

switchswitch

New informationNew information

＜＜＜＜＜＜＜＜officeoffice＞＞＞＞＞＞＞＞

★★★★★★★★Prompt system Prompt system 
impact study for impact study for 
interconnectioninterconnection

EV

SVR

LDCDG
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6．Conclusions

• “Smart Use of Electricity” is needed to achieve 3E. 
“Smart Grid” is a platform for realizing “Smart Use of 
Electricity”.

• The objectives of smart grid in TEPCO are as follows,
1. Integration of renewable power to the grid
2. Support for energy saving and smart use of electricity 
3. Further improvement of transmission and distribution.

• TEPCO will pursue “potential” of Smart Grid through 
broad-range collaboration between relevant parties. 
“Robustness” is also needed as the indispensable 
infrastructure.
We proceed steady approaches to ensure the following 
issues based on the field tests,

1. Maximization of cost-benefit performance
2. Acceptance of customers and society, maximization of social 

benefits



Appendices
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Advanced
RTU

Switch

Voltage
(3phase)

Current
(3phase) Io

CT ZCT

PD PD

Sensor built-in automatic switch

Signals for
Switch Operation

Voltage
(3phase)
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Central Voltage Control System automatically makes
�collection of P, Q and V data
�decision of LRT/SVR tap positions, taking account of…

1. Entire system voltage must exist within the permissible range
2. Keep voltage close to the upper limit
3. Minimize the number of tap actions of LRT/SVR

Central Voltage Control System

Upper limit

Lower limit

Voltage
Voltage Margin for

- voltage sag
- future growth
- best use of

existing line

Length

G

LRT SVR

DER
Distribution line
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Field test of integrated control of battery energy 
storage (BES)

Utility
scale

Demand
side

GridGridGridGrid

Control Center

Grid ControlGrid ControlGrid ControlGrid Control

SCADA for BES

Information collection

and distribution 

１．Standardization of Interface of Li 
Ion Batteries

３．Control of Demand 
side BES

２．Information system

Control of Control of Control of Control of 

BESBESBESBES

４．Grid Friendly Control of Existing BES
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Self-healing & automatic controllers using 
smart grid related technology 

Central Power Plants

Transmission Lines

Dynamic Braking

STATCOM

STATCOM

Voltage-Var
Controllers

Load Center

Transmission investments reduced by 
applying self-healing and automatic 
controllers using smart grid related 
technology 

Current Differential 
Protection with Multi-
pole Reclosing

First Response Exciter with PSS
High Side Voltage Control

Special 
Protection 
Scheme

Advanced DAS


