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Households’ Energy Demand and Supply
Historical Trend

Increase of a Household’s Energy Demand

Change of Energy Supply to a Household

The demand and supply of residential 

sector of Japan has been steadily 

increasing through last 40 years through 

economic growth, change of life style, 

and new energy utilization technologies.

Source : METI  Japan’s Energy Outlook 2030, Revised
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CO2 Emission Reduction Targets
in each Sector of Japan

For the aggressive reduction of CO2 emission, the communities which involve the 

transportation and residential/commercial are the key areas to disseminate 

technology, improve and keep quality, and adapt life-style. 
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Source : METI  Japan’s Energy Outlook 2030, Revised

CO2 Reduction Targets in Residential Sector
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Type A : New dissemination

Photovoltaics :1.4 GW in 2005 ⇒ 28 GW in 2020

Innovative Lighting :0% in 2005 ⇒ 14% in 2020

Innovative Cars :0.6 million in 2008 ⇒ 15 million (50% of sales share) in 2020

Efficient  IT :0% in 2008 ⇒ 100% in 2020

Type B : Additional acceleration of dissemination

Efficient water heater : 0.7 million in 2008 ⇒ 280 million in 2020

Efficient commercial building: ⇒ 80-90% sales share in 2020

Residential building : Sales share of 36% in 2007 ⇒ 80% in 2020

Efficient appliances : ⇒ All be Top-Runner certificated.

Type C : Additional Dissemination overcoming social and institutional challenges

Wind Power : Deployment of 5 times as much as that in 2005

(Park Code, Cost, Bird strike, Low frequency sound)

Biomass : (Collection and transportation, LCA review, food problem, supply security)

Small hydro : (Water right, Cost, River code, regional issues)

Geothermal : (Cost, Park code, Hot spring)

Critical Technologies for 2020 CO2 Reduction Target

Source : METI  Japan’s Energy Outlook 2030, Revised

CO2 Reduction Targets in Residential Sector
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Energy Technology Vision 2100
Extreme cases and possible pathways

Source： Energy Technology Vision 2100, Institute of Applied Energy and METI

In March 2005, the Ministry of Economy, Trade and Industry (METI) formulated the 

"Energy Technology Vision 2100"  as a navigating tool for strategic planning and 

implementation of research and development investment in cooperation with the people 

of industry, academia, and public institutions. 

The vision, being developed by back-casting of the technology portfolio to overcome 

constraints in resources and the environment from the year 2100, consists of roadmaps 

of Residential/Commercial, Transportation, Industry, Transformation sectors.

Energy Technology Strategy
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Energy Technology Vision 2100
Energy Technology Strategy of Residential/Commercial Sector

Energy Efficiency

Energy Creation

Energy Management

Source： Energy Technology Vision 2100, Institute of Applied Energy and METI

Residential/Commercial sector has three domains of strategy, energy efficiency, energy 

creation and energy management. It is featured that the energy management should play 

a important role of not only energy efficiency but also deployment of renewable energy.

Energy Technology Strategy
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“Energy Technology Strategy Map 2007”
High efficiency lighting
▽High efficiency fluorescent lamp
▼High efficiency LED lighting
▼Organic EL lighting
▽Next-generation lighting

Energy-conserving housing/building
▼Advanced insulation housing/building
▼Advanced airtight housing/building

(1) Improvement of overall energy efficiency

(4) Utilization of nuclear

energy and secured 

safety as premises

(5) Stable supply and efficient clean use of fossil fuels

(2) Diversification

of transport fuels

(3) Promotion of new energy development and introduction

Energy-conserving display
▽Low power consumption PDP
▽Low power consumption LCD
▽LED display
▽Organic EL display

High efficiency kitchen equipment
▽High efficiency gas burner cooking equipments
▽High efficiency induction heating (IH) cooker

High efficiency air-conditioning
▽High efficiency absorption chiller-heater
▼High efficiency heat pump
▼Ultra-high performance heat pump

High efficiency water heater
▼High efficiency heat pump water heater
▽High efficiency water heater
▽Latent heat recovery water heater

▽High efficiency air-heater

▼Energy-conserving information equipments

Energy-conserving electric 
home appliances
▽Energy-conserving refrigerators
▽Reduction of standby power

consumption

Energy-conserving network communication
▽High-capacity high-speed network

/ optical network communication

High performance power electronics
▼High efficiency inverter

High performance devices
▽Si devices
▼SiC devices
▽Nitride devices (GaN, AlN)
▽Diamond devices
▽CNT transistor
▽Energy-conserving LSI systems

Energy management
▼HEMS
▼BEMS

Energy management
▼☆Local energy management

High-efficiency power transmission/transformation
▼Energy conservation transformer

Energy-conserving industrial processes
▼◆Next-generation coke production methods
▼◆Iron and steel process
▽◇New reductive melting iron making processes
▼◆Petroleum refining process
▼◇Petrochemical process
▽◇Cement process
▽◇Paper manufacturing
▽◇Nonferrous metals process
▼◇Process of chemical raw materials
▽◇Glass production process
▽◇Processing and assembling
▽◇Ceramic manufacturing process

Energy-conserving
industrial process
▽LSI production

process

High-efficiency generator
▽Superconducting generator

Light water reactor
■Advanced utilization of light water reactor
■Decommissioning
■Next-generation light water reactor

Smooth shift from light water reactor 
cycle to fast reactor cycle
■High-decontamination process prior to

conversion of reprocessed uranium

Light water reactor fuel cycle
■Centrifuge uranium enrichment
■MOX fuel fabrication

Fast reactor cycle
■Fast reactor
■Fuel cycle

Other innovative reactors
□Supercritical-water-cooled reactor,

medium and small reactors

Disposal of radioactive wastes
■Shallow land disposal
■Disposal at intermediate depth

enough for general underground use
■Geological disposal Power system control

☆Power control
☆Frequency control
☆Load flow control
★Power system stabilization
★Wide area monitoring and control
☆Restoration

PV power generation
★Crystalline silicon solar cell
★Thin-film silicon solar cell
★Compound-crystalline solar cell
★Thin-film CIS-based solar cell
★Dye-sensitized solar cell

Utilization of solar thermal energy
☆Solar thermal power generation
☆Hot-water supply by using solar thermal energy
☆Air-conditioning by using solar thermal energy

Wind power generation
★Onshore wind power generation
★Offshore wind power generation
★Micro wind power generation

Geothermal power
generation
☆Geothermal binary

power generation
☆Hot dry rock power

generation 
☆Micro geothermal

power  generation
Utilization of ocean energy
☆Wave power generation 
☆Tidal and current power generation 
☆Ocean thermal energy conversion

Hydraulic power
☆Small and medium

hydraulic power generation

Production of biofues
★Development of solid biofuels

Utilization of biomass and waste energy
☆RDF/RPF
☆Sewage sludge carbonization 
☆Direct combustion of biomass and wastes 
★Biomass/waste gasification power generation

Coal mining
◆Advanced technology for

mining and cleaning of coal
◇Underground coal gasification

Coal-fired power generation
◇Reduction of trace substances emission

Coal Utilization
◇Combustion of low-grade coal
◇Next-generation technology

for pulverizing coal
◇Advanced utilization of coal ash
◆Coal de-ashing technology
◆Low-rank coal upgrading
◇Hot coke oven gas reforming

without catalyst
◇Effective use of coke oven gas
◇Efficient coal conversion

Coal Utilization
○☆◇Hydrothermal

cracking of coal

Development of fossil resources
◆Exploration of oil and gas reservoirs
◆Drilling and developing oil and natural gas
◇Drilling and developing fossil resources in frontiers
◆EOR/EGR
◆Eco-conscious oil and gas development

Development of unconventional fossil fuel resources
◆Enhanced coal bed methane (ECBM) recovery
◆Production and reforming of oil sand and other heavy oils
◆Improved development, production and recovery of unconventional gas
◆Development of methane hydrate (MH) resource

Gas supply
◇Gas transportation
◇Gas storage

Natural gas utilization
◇Producing, transporting

and utilizing NGH

Natural gas utilization
●◆Gas to liquids (GTL)
○◇Next generation technology for

producing hydrogen from natural gas
○◇Synthesizing LP gas from natural gas, etc.

Upgrading ultra-heavy oil and utilizing upgraded oil
◆Upgrading oil extracted from oil sands
◆Thermal cracking of bitumen from oil sands

by using supercritical water, etc.
◆Utilizing bitumen from oil sands

CO2 capture
◆Pre-combustion CO2 capture
◆Post-combustion CO2 capture
◇Oxy-fuel combustion CO2 capture

CO2 storage
◆Geological storage of CO2
◆Ocean storage of CO2

Petroleum refining
◇Zero-emission petroleum

refinery process

Utilization of heavy crude oil
◆High severity fluid catalytic

cracking and other advanced
technologies for heavy oil
processing

Utilization of heavy crude oil
○◇Production of high-octane gasoline from low-quality oil
○◇Production of hydrogen from petroleum pitch and cokes
○◆Production of synthesized diesel fuel form asphalt (ATL)

Electric power storage
▽□Variable-speed pumped storage generation

Electric power storage
▽☆□NaS battery

Energy-conserving
housing/building
▽☆Passive housing/building

High efficiency air-conditioning
▽☆Ground source heat pump 
▽☆Utilization of snow ice cooling

▽☆Microgrid

Power system control
▽★Utilization of distributed

generation

▽★New advanced power supply system

Heat storage
▽☆Latent heat storage
▽☆Sensible heat storage

Heat transport
▽☆Latent heat transport 
▽☆Sensible heat transport
▽☆Heat transport by

absorption/adsorption

Utilization of unused heat source
▽☆Utilizing cryogenic energy

of snow and ice
▽☆Utilizing thermal energy

of river water
▽☆Utilization of exhaust

heat in urban

Electric power conversion of
unused micro-scale energy
▽☆Thermoelectric conversion
▽☆Piezoelectric conversion

Hydrogen utilization
▽☆Hydrogen combustion turbine

Fuel cells
▽☆◇PAFC
▼☆◆MCFC
▼★◆SOFC

High-efficiency co-generation
▼☆◇Fuel cell co-generation

High-efficiency co-generation
▽◇Gas/petroleum engine co-generation
▼◇GT co-generation

▽◇High-efficiency industrial furnace/boiler

▼◇Co-production
▼◇Integration and collaboration between industries

Coal fired power generation
▽◇IGHAT
▼◇A-PFBC
▼◆A-USC
▼◆IGCC
▼◆IGFC
▼◆A-IGCC/IGFC

High-efficiency natural 
gas power generation
▼◇High-temperature GT
▽◇AHAT
▼◇FC/GT hybrid power

generation

Utilization of LP gas
▽◇High-efficiency LPG

burning appliance

▼◇Advanced integration
in complex

Petroleum refining
▽◇Fuel-saving high-durability lube oil

High efficiency internal
combustion engine
▼●◇Gasoline engine
▼●◆Diesel engine

Clean energy vehicles
▽○◇ Natural-gas vehicles
▼●◆Hybrid vehicles

▽●◇Energy-conserving trains

▽○◇High performance
ships

▽○◇High efficiency marine 
transport system

▽○◇High performance
aircrafts

Advanced traffic system
▼◇ITS
▽◇Modal shift in passenger transport
▼◇Modal shift in freight transport

Hydrogen production
○◇Hydrogen production from

coal with CO2 recovery

Coal Utilization
○◆Coal to liquid (CTL)

Utilization of LP gas
○◇Utilization of LPG/DME mixed fuel

Utilization of new alternative fuels
●◇Utilization of GTL and other new

alternative fuels along with petroleum

Petroleum refining
○◇Advanced technology for producing

desulfurized liquid fuels

Hydrogen production
○★◇Hydrogen production

by gasification

Production of biofuel
○☆◇Dimethyl ether (DME)
○★◇Production of BTL by gasification of biomass

Utilization of new alternative fuels
●☆◇Advanced technology for

utilizing biomass and other
unconventional petroleum
products

Production of biofuels
●★Alcohol fermentation
●★Conversion of cellulosic

materials into ethanol
●★Biodiesel fuel (BDF)
○☆Methane fermentation 
○☆Hydrogen fermentation

Utilization of biomass and waste energy
○★Biomass resource supply

Hydrogen production
○☆Solid polymer water   

electrolysis
○☆High temperature

steam electrolysis
●☆Alkaline water

electrolysis
○★Hydrogen production

using photocatalysts

Hydrogen storage
○☆Inorganic materials for hydrogen storage 
○☆Alloy materials for hydrogen storage
○☆Carbonaceous materials for hydrogen storage 
○☆Organic materials for hydrogen storage 
○☆Hydrogen storage container

Transportation and supply of hydrogen
○☆Transportation and supply of compressed hydrogen 
○☆Transportation and supply of liquid hydrogen
○☆Hydrogen pipelines
●☆Safety technology for hydrogen gas refueling stations

Power system control
☆□Power system protection

Production of biofuels
☆◇Producing biomass fuels with addition of coal

Electric power storage
▽●☆Nickel-hydrogen battery
▼●★Lithium-ion battery
▼○☆Capacitor

PV power generation
★Suppressing influence of

photovoltaic systems to grid

Wind power generation
★Suppressing influence of wind power systems to grid

Electric power storage
▽☆SMES
▽☆Superconducting flywheel
▽☆Redox flow battery

Coal Utilization
☆◆Multipurpose uses of coal gasification

Coal fired power generation
★◇Biomass/coal hybrid power generation

Electric power storage
□Sea water pumped-

storage power generation 
□Underground pumped-

storage power generation 
□Compressed air energy

storage (CAES) 

Energy management
▼☆□◇Optimization of energy demand

and load leveling

Clean energy vehicles
▼●☆◆Plug-in hybrid vehicles
▼●☆◇Electric vehicles
▼●★◇Fuel cell vehicles
▽○☆◇Hydrogen engine vehicles

Fuel cells
▼●★◇PEFC
▽○☆◇DMFC

High-efficiency power transmission/transformation
▼☆■◇Large capacity power transmission

Advanced technology for using petroleum
○◇Hydrogen production from petroleum

and hydrogen transportation
○◇New alternative fuels for vehicles 
○◇Improving vehicle efficiency and

promoting exhaust gas cleanup
○◇Offroad engines with low environmental load

The colored symbols specified in front of the technologies indicate 

the policy objectives to which these technologies would contribute:

▽ Improvement of overall energy efficiency

○ Diversification of transport fuels

☆ Promotion of new energy development and introduction

□ Utilization of nuclear energy and secured safety as 

premises

◇ Stable supply and efficient clean use of fossil fuels

Technologies that make great contributions to policy objectives are 

accompanied by pasted symbols (▼●★■◆) for the relevant 

policy objectives and specified with underlined red letters.Source： Energy Technology Strategy Map 2007, Institute of Applied Energy and METI

Energy Technology Strategy
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“PV 2030+”and PV deployment strategy in Japan

Source : NEDO, PV Roadmap “PV 2030+”-10-

For the aggressive reduction of CO2 emission, the communities which involve the 

transportation and residential/commercial are the key areas to disseminate 

technology, improve and keep quality, and adapt life-style. 

Energy Technology Strategy
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Variation of Hourly PV Generation

Fig. 24hour PV output variation in 90days  in summer

Fig. PV output variation at 14:00 in 90 days in summer

PV generation has a variable feature due to due to change of

weather or. Here, the nature is referred as “variable” or “variation”,

based on the understanding that it varies but is predictable to a

certain extent.

Renewable Energy Integration and Future Power System 
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The minimum 

control capacity at 

minimum system 

load hours

Influence of PV Penetration on Demand-Supply balance

In addition to the existing load deviation, supply capacity deviation,
the system have to manage the variation of PV generation.

Pump

Hydro

Fossil

Nuclear

PV

Load-PV

Load

1    2    3    4   5    6   7    8    9  10  11  12  13 14 15  16  17 18  19 20  21  22  23  24

Fig. Comparison of hourly system load, PV generation, 
and an equivalent load on a holiday in May.

Renewable Energy Integration and Future Power System 
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Issues of Renewable energy Integration

The penetration of the renewable energy generation such as PV and wind

power will bring about the following impacts on a power system:

 Voltage fluctuation in distribution network

 Power flow fluctuation in distribution network

 Frequency fluctuation due to power imbalance between supply and

demand

 Difficulty in generation scheduling

 Requirement for new transmission line due to the renewable energy

deployment at a new location*

 Establishment of new generation mix

*: In case of large scale and concentrated renewable energy 

deployment such as off-shore wind and VLSPV in desart
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Smoothing Effect of PV output in a broad area

 The variation of the total PV output is expected to be proportional to 

the variation of the total irradiance of the area.

 Total  generation output of numerous PV systems in a broad has 1) 

less variable through the cancelation of each individual’s variation 

and 2) a lower  frequency of  more than 10 minutes. 

 In order to evaluate the smoothing effect, it is necessary to 

accumulate the insolation or PV generation data of many observing 

points in a power system for many year.

Image of Smoothing Effect

Generation 

of each site

Total PV output

Example of Smoothing Effect in Oosaka-area

Renewable Energy Integration and Future Power System 
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Tokyo-system, August, w/ 50% power storageTokyo-system, May, w/o power storage

Time Series Analysis 

 The time-series load dispatch analysis evaluates the maximum

possible PV penetration into the power system and the required

countermeasures.

 In a mid-season when the original load is lowest and insolation is

maximum, the equivalent system load indicates substantial dip.

 In a peak load season in summer, PV reduces the system peak load.

With power storage, the remaining system peak load in the evening is

reduced effectively.

Equivalent system load including PV

Renewable Energy Integration and Future Power System 
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Power System Planning Analysis  for PV Integration

Insolation Data of

each observation point

PV Total Generation Analysis 

including Smoothing Effect

Probabilistic Production Analysis 

using Load Duration Curve

Time series Load Dispatch Analysis 

using Time Series Load Curve

Generation and Transmission 

Expansion Analysis
Operation Cost 

Analysis

Operation Constraints 

Evaluation

PV Generation Analysis of

Each Candidate Location

Load Frequency 

Control Analysis 

and analysis

System PV Expansion Planning

System Reinforcement Planning

PV Planning of each 

candidate 

System Operation Planning

System Reinforcement Planning

(1)

(3) (2)

Renewable Energy Integration and Future Power System 
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The demand-supply balance in a power system is now managed by  centralized 

energy management using major generation units. In the future, when renewable 

energy generation penetrate into the system, the distributed energy management 

using activated demand is expected to share the management of the balance.

Current Balancing

Balancing w/ Battery

Batteries, if economically
available, in appropriate
locations can compensate all
the demand-supply gaps,.Battery

Balancing w/ battery 

and activated

Demand Response

Traditional
gens offer
additional
regulation.

If power system balancing
can be shared by the
activated demand response,
the total economy and
resource usage and economy
should be enhanced.

Battery

Traditional
gens offer
additional
regulation.

Role of Activated Demand and Storage

: Stabilization

: Fluctuation

Centralized/distributed Energy Management
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Home, Building, and Area Energy Management

 Area EMS also enables the 

direct harmonized 

operation between network 

(centralized EMS) and 

demand (de-centralized 

EMS) to enhance total 

system quality.

 HEMS and BEMS are the appropriate hub for the autonomic and 

distributed energy management because they can pursue three targets 

of  enhancement of ambient quality, economy and harmonized system 

demand-supply balance control with a power system

 The distributed energy management autonomously control demand, 

energy storage and some others.         HEMS: Home    Energy Management System

BEMS: Building Energy Management System 

 In addition to HEMS/BEMS, Area EMS will be effective to enhance the 

autonomic control capability of demand side with more resources.

Centralized/distributed Energy Management
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 In a case of a building without power system connection,

distributed energy management is obliged to balance demand

and supply within the “node”.

 In a case of a building with power system connection, if under an

institutional disincentive to feed power back to a system,

distributed energy management prefers to reduce reverse power

flow to the system.

 In a case of centralized control, the operation of the total power

system might be optimized under some optimization policy and

the every operation of the system component might be uniquely

decided.

Centralized/distributed ENERGY MANAGEMENT (1)

Battery Storage

PV Generation

Battery In-OutEquivalent  load

Original load

Example of HEMS Control: Minimum reverse flow

Centralized/distributed Energy Management
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However, there are many uncertainties in the conditions including the

variation of renewable energy generation and component failures of

nodes and power system.

 It is unfeasible to collect and share all the information required and

to execute the centralized control of the whole system.

 The autonomic distributed energy management system, with the

dynamic incentive such as one day ahead pricing, can optimize its

control, and power system may change the price in response to the

latest situation of the demand-supply balance of the whole system

for better operation.

 The centralized Energy Management of the power system can

control all the controllable components including demand devices

and appliances under special contracts.

Here, centralized and distributed energy management are expected to

realize optimum operation combining direct/indirect control

methodology.

Centralized/distributed ENERGY MANAGEMENT (2)

Centralized/distributed Energy Management
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1 day ahead scheduling of the 
operation of appliances, 
storages and DGs

Ambient quality
Economy
Harmonized 

control with grid
Battery

＜Utility＞

Optimization Model of C/D Energy Management

＜Weather station＞

＜House＞

Grid Power

Photovoltaics
Solar water heater

Other appliances

Air conditioner

Heat pump water heater

Hot water tank

Optimum control of 
appliances, storages 
and DGs

1 day ahead power pricing
Direct appliance control
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Dispatch area

1 day ahead weather 
and insolation forecast

Decentralized Energy 
Management

1 day ahead power price
Energy demand forecast
PV generation forecast
Solar water heating forecast
Power storage capacity
Hot water storage capacity

Centralized Energy 
Management

Weather Forecast, 
Demand Forecast

1 day ahead 
operation planning 
and power pricing

Centralized/distributed Energy Management
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Simulation Model of Distributed Energy Management

Weather forecast data
Insolation forecast data

Power

Information

ControlBattery

HP
Water
heater

Appli
ances

Energy
Management
System

Insolation

Inverter

Inverter

<House model >

Hot 
Water 
Tank

Hot water

Distribution board Smart Meter

Air-
conditioner

Hot water Demand data
Other appliances operation data

Ambient 
temperature

Centralized/distributed Energy Management
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Energy Management R&D Project in Kashiwa-no-ha city

Centralized/distributed Energy Management
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CONCLUSION
 Residential/Commercial sector will play a crucial role in energy

efficiency and CO2 emission reduction.

 The deployment of renewable energy generation such as wind power
and PV will accompany the variation of their generation, which will
have critical impacts on the demand-supply balance of a power
system.

 Residential/Commercial sector will play a crucial role of demand-
supply balance of a future power system through decentralized
energy management using activated demand, energy storage and DG.

 The total additional requirement for demand-supply balance will be
determined by the natural variation characteristics, predictability and
smoothing effect of Res generation and power system regulation
capability.

 Distributed energy management controller will have three roles;
enhancement and maintenance of ambient quality, economy and
harmonized control with a power system.

 We continue to research:1)the optimized operation of the distributed
energy management such as HEMS and BEMS of buildings and Area
EMS, 2)the optimized interactive operation between centralized and
distributed energy managements, and 3) optimum future energy
integration.

Conclusion
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