
Stabilization of LargeStabilization of Large--scale PV Generation scale PV Generation 
By Battery StorageBy Battery Storage ((FY2006FY2006 FY2010)FY2010)

Achieving expected output from renewable energy

By Battery Storage  By Battery Storage  ((FY2006FY2006--FY2010) FY2010) 

900

1200
受電点
PV
NAS

受電点電力目標値：600kW

受電点電力一定制御Flow at grid-connection point

Target flow at connecting point : 600kW

Power stabilization at grid connection point

300

600

電
力

 [
kW

]

受電点電力目標値：600kWTarget flow at connecting point : 600kW

Po
w

er
 (k

W
)

-300

0
制御開始Start of battery operation

PV Battery

-600

13:00 13:30 14:00 14:30 15:00
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Wind Power Stabilization Technology Wind Power Stabilization Technology 
D l tD l t P j tP j t (FY2003(FY2003 FY2007)FY2007)

T Wi ill Wi d F

DevelopmentDevelopment Project  Project  (FY2003(FY2003--FY2007)FY2007)

Tomamae Winvilla Wind Farm

B b ildiC it 30 6 MW Battery storage buildingCapacity 30.6 MW

Copyright: Ryuichi Yokoyama, Waseda University, Japan

Size of building: 40m x 40m x 6m
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Wind Power Stabilization Technology Wind Power Stabilization Technology 
D l t P j tD l t P j t (FY2003(FY2003 FY2007)FY2007)Development Project  Development Project  (FY2003(FY2003--FY2007)FY2007)

Reducing output fluctuations from renewable energy

Cell tanksRedox flow battery 

Reducing output fluctuations from renewable energy
Feb. 4, 2005 12:00am-2:00am

inverter capacity:
6000 kW

(S h

Wind 
power 
output

(Same as short term 
output rate of battery)

N i l it

Battery 
charging 
and 

Cell stacks
Nominal capacity 

of battery: 4000 kW

Storage capacity:

discharging

Smoothed Storage capacity: 
6000 kWh

Total weight: 950

wind power 
output

Copyright: Ryuichi Yokoyama, Waseda University, Japan

Total weight:  950 
tons Smoothing time constant T = 1 minute

Time
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Overview and Components of Overview and Components of 
b h G d lb h G d lMitsubishi Smart Grid Test FacilitiesMitsubishi Smart Grid Test Facilities

Copyright: Ryuichi Yokoyama, Waseda University, Japan
Source:http://global.mitsubishielectric.com/news/news_releases/2010/mel0797.pdf
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Smart Community Pilot Projects in JapanSmart Community Pilot Projects in Japan
Outline and Scale Participants

Kyoto Keihanna District
Implementation in Minato Mirai, Kouhoku New 
Town and Kanazawa Districts.
7MW PV generation, 4,000 Smart houses, 2,000 
Electric vehicles

Outline and Scale

Tokyo Gas

Participants

Yokohama City
（Yokohama City Toshiba Panasonic

y
（Kyoto Prefecture, Kansai Electric Power, Osaka Gas 

KANSAI SCIENCE CITY, Kyoto University）
CO2▲20％ :houses,  ▲30％:transportation （from 2005）
Install PV in 1,000 houses, EV car-sharing system

Electric vehicles, 
Target to install totally 27MW Sustainable energy.
Demand Response demonstration by BEMS/HEMS 
and Integrated EMS in 3 areas
Target to reduce 30% CO2 by 2025 (in all

Minato Mirai Area・BEMS, etc.
・EV, Charging 

stations etc.

Tokyo Gas

（Yokohama City, Toshiba, Panasonic, 
Meidensha, Nissan, Accenture, etc.）

CO2▲30％ by 2025（from 2004）
Energy management system which 
integrates HEMS, BEMS, EV

, , g y
Nano-grid management of PVs and FCs in houses and 
buildings (visualization of demand)
Grant  “Kyoto eco-points” to the usage of green-energy              

Target to reduce 30% CO2 by 2025 (in all 
Yokoyama against 2004）
For 5 years, the total budget will be Yen 19.5 billion 
（¥ 74 billion in media）

F t

Commercial 
buildings

Non used areaRegional
Heat supply

g , ,
PV（27,000 kW）
Use of heat and unused energy
4,000 Smart houses, ,2000 EVs

Kitakyushu City
（Kitakyushu City, Fuji Electric Systems , GE, 

IBM, Nippon Steel）

Advisements to show future smart houses in model 
house sites in Minato Mirai area where APEC was 
held.

l i f l l d d

Features

House Show room

Resident area
Gas

El i i

Toyota City
（Toyota City. Toyota Motor, Chubu Electric 

Power, Toho Gas, Toshiba, Mitsubishi Heavy

CO2▲50％ （from 2005）
Real-time management at 70 companies 
and 200 houses
Energy management by HEMS, BEMS
Energy system which coordinates demand side

Implementation of large scale demand response 
and energy management  under citizens 
participation considering the following features;
-- MinatroMinatro MiraiMirai DistrictDistrict：：High buildings and apartment High buildings and apartment 

b ildib ildi

House Show  room

・EMS in Community
・EMS in ide areas etc.

・HEMS）
・Efficient appliances , EV

AMI
Electricity

Power, Toho Gas, Toshiba, Mitsubishi Heavy 
Industries, Denso, Sharp, Fujitsu, Dream 

Incubator, etc.）
CO2▲20％ :houses, ▲40％:transportation

Use of heat and unused energy as well as electricity

Energy system which coordinates demand side
management  with the overall power system .
buildingsbuildings

-- KouhokuKouhoku New Town : Middle buildings and housesNew Town : Middle buildings and houses
-- Kanazawa District: Large apartment houses and PVKanazawa District: Large apartment houses and PV
Not only newly built houses but also existing 

id

Copyright: Ryuichi Yokoyama, Waseda University, Japan29

f gy y
Demand response at more than 70 homes
3100EV, V to H, to G 

residences
Establishment of Special Purpose Com. and 
Continuous development for domestic/Oversea 
regions Minato Mirai ２１ Kouhoku New Town Kanazawa District



Implementation and Oversea DeploymentImplementation and Oversea Deployment
Japan－North Africa

- Large scale PV and  Solar thermal
generation will be implemented in

Japan-USA/New Mexico
- High level technology implementation by US

National   Lab. and NEDO is underway in 5
l ti i NM St tgeneration will be implemented in

North Africa where a plenty of 
solar radiation is available.

locations in NM  State
- Japan participated in project at 2 locations 

and 31  enterprises such as  Toshiba,  
Kyocera  joined  the projectsy j p j
(Budget is App. Yen 7 million)

Japan －India
- On Prime Minister Hatayama visit, both Japan（Okinawa）－USA（Hawaii）y
countries attained an agreement to implement
smart communities as the Deli/ Mumbai 
Initiative in December, 2009.

- Establishment of consortium by related

Japan（Okinawa） USA（Hawaii）
- In the top level  Japan/USA meeting on clean
energy technology cooperation held in 
November,2009 ,   establishment of  Task
Force has been agreedEstablishment of consortium by related 

enterprises and promotion of the initiatives by
Deli/ Mumbai Public  corporation and NEDO
later than 2010
Promulgate of MOU by Japanese/ Indian

Force has been agreed
- Island smart grid models are to demonstrate

to the world.
- In the top level Japan/USA meeting during 
APEC i N b 2010 it i h

Copyright: Ryuichi Yokoyama, Waseda University, Japan

- Promulgate of MOU by  Japanese/ Indian
Ministers to start feasibility studies, consortium
and corporations in April 2010

APEC in November, 2010,  it  is shown as an
APEC  Canonical   model
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Future Plan for Smart Community ProjectsFuture Plan for Smart Community Projects
FY2010 FY2011 FY2012FY2009 FY2013 FY2014 d Af

Power system countermeasures for high 
penetration of distributed renewable energy

FY2010 FY2011 FY2012FY2009 FY2013 FY2014 FY2015 and After

・Collaboration among projects

C
ounte

PV p Island power system g p j
・Technology development for a smart community

erm
easures for

penetration

sla d powe syste
demonstration
Evaluation of renewable 
energy high penetration 

Load leveling equipment demonstration

Optimal control for future grid demonstration

Distributed  energy resources 
optimization project

r 

E
M

S for  e
and he

g q p

Model project for natural gas 
application

Next-generation  high 
efficiency residential 
h j

Technology Demonstration 

electric
eat

E
nergy c

（

H
E

M

Smart EV charger project

house project
Demonstration of smart 
building

gy
in Actual Environment

conservation
M

S

・BE
M

S

）

Regional EMS 
development

Japan-New Mexico smart grid demonstration

R
egional 
m

anag e

Copyright: Ryuichi Yokoyama, Waseda University, Japan
Next-generation energy and social system demonstration

Energy storage system technology development

energy 
em

ent
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Resilient and Expandable Smart Grid Resilient and Expandable Smart Grid pp
for Disaster and Restorationfor Disaster and Restoration

Copyright: Ryuichi Yokoyama, Waseda University, Japan 32



Energy Management in Houses and AreasEnergy Management in Houses and Areas
○ Energy management between houses and in larger areas is more effective than that in a single

house .
○ Excess electricity stored in battery in sunny areas can be transferred to houses that require 

electricity. It is not necessary for a battery to be installed in each individual house. 
If one battery is installed for every few houses, then the installation cost will be decreased.

○ Demand in residential areas is larger in the morning and at night and demand in commercial
areas is large in daytime by transferring electricity between areas electricity can be used

Consumption in a house Optimization of transfer in the regionTransfer between houses

areas is large in daytime , by transferring electricity between areas, electricity can be used 
effectively.       

Fine Area

R i A OffiRainy Area Office 
DistrictExcess electricity 

from PV generation 
is disconnected

Copyright: Ryuichi Yokoyama, Waseda University, Japan

Excess electricity is transferred 
and used in neighboring houses
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Expandable Smart Distribution Grid for Expandable Smart Distribution Grid for 
Effi i t U f S t i blEffi i t U f S t i bl EE

Energy Supply SideEnergy Supply Side Energy Demand SideEnergy Demand Side
Efficient Use of SustainableEfficient Use of Sustainable EnergyEnergy

Use of Sustainable Energy
Efficient Facilities and Appliance

Gas Engine, Fuel Cell,

gy pp ygy pp y

PV Generation, Wind Generation,
Biomass, Solar Thermal, Geothermal

Gas gi e, uel Cell,
Secondary Battery

DC Appliance, HEMS, BEMS, ZEB

Minimal Cluster UnitCluster-Oriented 
Electric Power Supply System

Main Inverter
(CFCV-Mode)

Power 
Electric Supply

Battery Energy 
Storage System GEGE

System
(Utility Grid）

Interconnection

Electric Supply 
Cluster

Copyright: Ryuichi Yokoyama, Waseda University, Japan

(BESS)
Regional Energy

Interconnection
Inverter

(PQ-Mode)
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Objectives and Features of Expandable GridsObjectives and Features of Expandable Grids

・ Structure of  Cluster-based Expandable Smart Distribution Grids
- Construction of an appropriate scale distribution grid (The first cluster)

Objectives and Features

- Construction of an appropriate scale distribution grid (The first cluster)
- Expansions of clusters according to increase of regional demands (The second cluster)
- Interconnections of clusters by electrical routers (Tie lines and Inverter control)

F t f Cl t b d E d bl S t Di t ib ti G id・Features of  Cluster-based Expandable Smart Distribution Grids
- Effective Use of Sustainable energies
- DC/AC Distribution to the region
- Coordinated Use and Operation of Heat Storage and BESS- Coordinated Use and Operation of Heat Storage and BESS
- Rapid Charging to Electric Vehicles

・The Role of the Proposed grid as Social Infrastructure
N P S l S i l I f f D l i A d R i- New Power Supply Social Infrastructure for Developing Areas and Regions

- Medium Scale Power Supply for Islands and Remote areas
- Power Supply for Non-electrified Regions in Developing Countries and Emergency Supply

-- Smart Grids for coping with Large Scale Installations of Sustainable EnergySmart Grids for coping with Large Scale Installations of Sustainable Energy
-- Expandable Power Supply System in accordance with Regional DevelopmentExpandable Power Supply System in accordance with Regional Development

Copyright: Ryuichi Yokoyama, Waseda University, Japan

Expandable Power Supply System in accordance with Regional DevelopmentExpandable Power Supply System in accordance with Regional Development
-- Contribution to Stable Power Supply, Energy Conservation and COContribution to Stable Power Supply, Energy Conservation and CO22 ReductionReduction
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Interconnection and Expansion of Interconnection and Expansion of 
Cl tCl t O i t d S t Di t ib ti G idO i t d S t Di t ib ti G idClusterCluster––Oriented Smart Distribution GridOriented Smart Distribution Grid

Interconnection

Cluster
Ａ

GEGEGEGE

Power Power 
SystemSystem

Battery Energy 
Storage System

Inverter
(PQ-Mode)

Ａ
(Utility Grid(Utility Grid）） Main Inverter

(CVCF-Mode)
InterconnectionOne Point ConnectionOne Point Connection

to the Gridto the Grid

Main Inverter
Interconnection

I t

Interconnection
Inverter

GEGEGEGE Cluster
B

Cluster

Main Inverter
(CVCF-Mode)

Inverter
(PQ-Mode)

BC Battery Energy 
Storage System

Copyright: Ryuichi Yokoyama, Waseda University, Japan

Main Inverter
(CVCF-Mode) 36



Electric and Heat Load Leveling in ClusterElectric and Heat Load Leveling in Cluster
Main Inverter
(CVCF-Mode)

Interconnection
Inverter

(PQ-Mode)
Electric Electric 
Power Power 
SystemSystem

Electric SupplyElectric Supply
ClusterCluster

(PQ Mode)

Battery Energy
400g/KWh400g/KWh

COCO22 EmissionEmission Power 
Transfer

GEGEGEGE

GG

Battery Energy 
Storage System

①① ②② ③③

Exchanges among Adjacent HousesExchanges among Adjacent Houses

Gas Gas 
SupplySupply Power Accommodation among Houses and Residences

GenerationGeneration
CapacityCapacity

Electric Demand Electric Demand 
HouseHouse①① HouseHouse②② HouseHouse③③

PowerPowerm
an

d 
(K

W
)

Heat CapacityHeat Capacity

Heat Heat 
DemandDemand

Heat DemandHeat Demand
DemandDemand

E
le

ct
ri

c 
D

em
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Daily Electric and Heat Load Profile 
of  Houses or Condominium

HeatHeat ElectricityElectricity
SurplusSurplus

Hour HeatHeat ElectricityElectricity
SurplusSurplus

HeatHeat ElectricityElectricity
ShortageShortage
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The Role of BESS in ClustersThe Role of BESS in Clusters

-- Generators                    Generators                    -- BESSBESS
Fuel BoilersFuel Boilers Sustainable EnergySustainable Energy-- Fuel, Boilers                 Fuel, Boilers                 -- Sustainable EnergySustainable Energy
Solar Radiation

Load ProfileLoad ProfileBattery StorageBattery StorageTime

ChCh i hi h

PV GenerationPV Generation

ChargeCharge DischargeDischarge
Time

Prime MoverPrime Mover Rotating Inertia Rotating Inertia DERDER

Copyright: Ryuichi Yokoyama, Waseda University, Japan

Fuel, BoilersFuel, Boilers
gg

Turbines, GeneratorsTurbines, Generators Gas Engines, Micro HydroGas Engines, Micro Hydro
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Cluster Frequency Control Cluster Frequency Control 
b BESS i tb BESS i tby BESS inverterby BESS inverter

Cluster frequency is decided and regulated by BESS inverter.Cluster frequency is decided and regulated by BESS inverter.f q y g yf q y g y

Cluster-Oriented 
Electric Power Supply SystemElectric Power Supply System

Main Inverter
CFCV-Mode

Power 

Battery Energy 
Storage System

GEGE

System
(Utility Grid）

Electric Supply 
Cluster

Storage System
(BESS)

Regional Energy

Interconnection
Inverter

(PQ-Mode)

Control Mode System States Schemes
PQ-Mode Interconnected Operation Active power (P) and Reactive power (Q) control

Regional Energy

Copyright: Ryuichi Yokoyama, Waseda University, Japan

PQ-Mode Interconnected Operation Active power (P) and  Reactive power (Q) control
CVCF-Mode Isolated Operation Constant Voltage and Frequency control
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Measurements and Inverter Controls  Measurements and Inverter Controls  
in Battery Energy Storage Systemin Battery Energy Storage System

L li f Ch d E b Cl R ti P D C t lLeveling of Charged Energy between Clusters 
by Tie Line Power Flow Control

（Demand/Supply Power  Transfer Control)

Reactive Power Droop Control
For BESS and Inverter

Reference 
Power

Charging
Power

Frequency
Setting

Frequency Setting 
for Cluster A AVR

Excitation

Cluster
A

Main 
Inverter Inverter

Power Flow 
Control

Frequency Detection 
of Cluster A

Frequency Detection Equivalence

Cluster
B

Main 
Inverter

of Cluster A

Inverter

Copyright: Ryuichi Yokoyama, Waseda University, Japan
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Load Leveling by Power TransferLoad Leveling by Power Transfer
b t Cl tb t Cl tbetween Clustersbetween Clusters

AC GeneratorAC Generator

Load Load 

P FlP FlPower FlowPower Flow

AC GeneratorAC Generator Load Leveling through Tie Line Load Leveling through Tie Line 

Load Load 

BESS with Large Charged EnergyBESS with Large Charged Energy
(Large Output Generator)(Large Output Generator)

BESS with Small Charged EnergyBESS with Small Charged Energy
(Small Output Generator)(Small Output Generator)

High Water Flow
Leveling Leveling Time 

Passage

Copyright: Ryuichi Yokoyama, Waseda University, Japan

g
Water
Level 

Low
Water Level 
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Expandable Smart Distribution Grids for Expandable Smart Distribution Grids for 
Effi i t U f S t i blEffi i t U f S t i bl E iE iEfficient Use of SustainableEfficient Use of Sustainable EnergiesEnergies

GEGEGEGEGas Engine, CGS

Cascade ConnectionsCascade Connections
PV Generation

Wind Generation

BESS
CVCF-mode Operation

Main Inverter

Radial Connections

Cluster A
Micro Hydro Generation

Cluster ACluster A

BESS BESS BESS Cluster
3

Cluster
4

Cluster
5

Cluster
D

Cluster
C

Cluster
B

PV Generation

Cluster A Load
Interconnection 

Inverter
Tie line 

Power flow

BESS Cluster 1Cluster A

Cluster B

Main Inverter

Power flow

Cluster BCluster B

Wind 
Generation

BESS

Cluster
2

Main Inverter

Interconnection 
Inverter

Cluster
E

蓄電池BESS
CVCF-mode Operation

Cluster B
Biomass Generation

Cluster BCluster B
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Cluster B Load
GEGEGEGE

Gas Engine, CGS



Comparison of Conventional Power Systems Comparison of Conventional Power Systems 
and Future Smart Distribution Gridsand Future Smart Distribution Grids

ItemsItems Current GridCurrent Grid Micro Grid /Smart GridMicro Grid /Smart Grid Cluster Expandable GridCluster Expandable Grid

GenerationGeneration Large Scale Thermal, Controllable Generation Resources Efficient Use of Sustainable EnergiesSustainable Energies

and Future Smart Distribution Gridsand Future Smart Distribution Grids

Generation Generation 
ResourcesResources Hydro and Nuclear 

Plants

Controllable  Generation Resources
including Small Gas Engine, Fuel Cell, 

Micro Hydro, and PV, Wind

Efficient Use of Sustainable EnergiesSustainable Energies, 
such as ,PV, Wind, Micro Hydro

SS P d
Battery Energy Storage System (BESS) is Indispensable

Storage Storage 
SystemSystem

Pumped-up 
Hydro Storage Coordinated Operation of Power System 

Apparatus and Controllable DER

BESSBESS Plays an Important Role to 
Produce the Maximum Output from 

Sustainable Energies

Interconnected Continuous Connection to the Utility Grid Usually Independent OperationInterconnectionInterconnection Interconnected 
by Tie lines

Continuous Connection to the Utility Grid 
and Isolated Operation in Case of Fault

Usually Independent Operation
Interconnections between ClustersClusters

Power Power 
T fT f Among Utilities No Power Transfer between Micro Grids Power Transfer through RoutersRouters

b t Cl tTransferTransfer g f between Clusters

DispatchingDispatching AC AC AC (Present) and DC (Future)

SizeSize Extremely Large Scale Medium/Small Scale Small Scale

ExpandabilityExpandability Poor
Long Term Planning

Medium
Short Term Planning 
for Stand Alone Plant

Large
Expandable Autonomously Expandable Autonomously if Needed

Copyright: Ryuichi Yokoyama, Waseda University, Japan

UsageUsage
PurposePurpose

Large Scale and Trunk 
Infrastructure

High Reliable Future Power system
（Bi-Directional Communication,

Demand Response, Asset Management）

Power Supply to Remote Areas, 
Developing regions, Islands and EV

Countermeasures  for DisasterCountermeasures  for Disaster
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Implementation of ClusterImplementation of Cluster--Oriented Smart GridOriented Smart Grid
in Waseda Honjyo Campusin Waseda Honjyo Campusin Waseda Honjyo Campusin Waseda Honjyo Campus

Demand/Supply 
Fuel Cell

(Heat Supply)
One person FC EV

Control
( pp y)

Wind Generation
Smart Monitoring ,Communication, Dispatching Control

Small 
CustomersCustomers

Ad d Mi B

Energy 
Storage

Advanced Micro Bus

Induction-Type Charging Station 
for Buses and Cars

Large
Customers

PV Generation
AC/DC Loop Network

GEGE

for Buses and Cars
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Electricity/Heat Hybrid SupplyGas Engine, CGS



Key Technology for Expandable Smart GridsKey Technology for Expandable Smart Grids

Low Carbon Society (CO2 25% Emission Reduction) Self-Sufficiency and Efficiency

Efficient Use of
Sustainable Energy

Energy Storage
(Heat & Electricity)

Electric
Vehicles

Constructions/Operation 
of Nuclear Plants

Rapid
Ch i

PV, Wind Generation BESS Load Leveling

Expandable Smart Distribution Grids for Efficient Use of Expandable Smart Distribution Grids for Efficient Use of 
S i bl E El i V hi l d BESSS i bl E El i V hi l d BESS

Fuel Cell (Hydrogen)

Environmentally Friendliness, Stable Supply, Environmentally Friendliness, Stable Supply, Low CostLow Cost, , ExpandabilityExpandability

ChargingSustainable Energy, Electric Vehicles, and BESSSustainable Energy, Electric Vehicles, and BESS

y , pp y,y , pp y, ,, p yp y

BESS OperationBattery Selection ExpandabilityMulti-Terminal

Voltage and Interconnection ControlSelection and Operation of BESS
Voltage Control Router ControlDispatching Control Inverter Control

Copyright: Ryuichi Yokoyama, Waseda University, Japan

EvaluationEvaluation：：CO2 Emission Reduction, COP, ProfitabilityCO2 Emission Reduction, COP, Profitability

Voltage and Interconnection ControlSelection and Operation of BESS
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Expandable ClusterExpandable Cluster--Oriented Smart GridOriented Smart Grid
C f N l Di d R iC f N l Di d R i～～Countermeasures for Natural Disaster and RestorationCountermeasures for Natural Disaster and Restoration～～

E d bl Cl t O i t d S tWind Generation Expandable Cluster Oriented Smart 
Distribution Grid

Wind Generation

Cit OffiCommunication Center City OfficeCommunication Center

Mega Solar

Electricity Electricity 
Supply ClusterSupply Cluster

Hospital Energy Strange
Gas Turbine

Biomass

Commercial

Emergency 
Center

Retirement 
House

Micro Hydro

iomass

PV Generation

Commercial 
District

ic o yd o
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Residential District Industrial District



Coordination of Goals of Electric Power Coordination of Goals of Electric Power 
S tS t f St bl E S lf St bl E S l

Stable, Reliable, and Clean Power supply forStable, Reliable, and Clean Power supply forPremise:Premise: Stable, Reliable, and Clean Power Supply forStable, Reliable, and Clean Power Supply forObjectivesObjectives

SecterSecter for Stable Energy Supplyfor Stable Energy Supply
Stable, Reliable, and Clean Power supply for Stable, Reliable, and Clean Power supply for 

All Customers with Reasonable PriceAll Customers with Reasonable Price

EE S it

Premise:Premise: Stable, Reliable, and Clean Power Supply for Stable, Reliable, and Clean Power Supply for 
All Customers with Reasonable PriceAll Customers with Reasonable Price

Stable Supply

ObjectivesObjectives

EE

EEnergy Security
(Stable Power Supply)

EEnvironmental

Stable Supply
(Best Energy Mix)

EE i t lEEconomic
Growth

(New Business)

EEnvironmental
Conservation

(CO2 Reduction etc.)

Cost Reduction
(Efficient Operation)

EEnvironmental
Preservation

(Clean Energy Technology)(New Business) (CO eduction etc.)(Clean Energy Technology)

Energy Saving, Peak Cut and Load LevelingEnergy Saving, Peak Cut and Load Leveling

Efficient Use of Facility/Sustainable EnergyEfficient Use of Facility/Sustainable Energy Smart GridSmart Grid
Expandable Expandable 
S G idS G id
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Efficient Use of Facility/Sustainable EnergyEfficient Use of Facility/Sustainable Energy Smart GridSmart Grid
Resiliency and Reduction of CostResiliency and Reduction of Cost

Smart GridSmart Grid
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Thank you for your attentionThank you for your attention

Ryuichi YOKOYAMARyuichi YOKOYAMARyuichi YOKOYAMARyuichi YOKOYAMA
横山横山 隆一隆一

Waseda UniversityWaseda University
早稲田大学早稲田大学早稲田大学早稲田大学
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