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OUTLINE

1. Glocal Control & Energy Networks
2. A Unified Framework for Networked 

Dynamical Systems with Stability Analysis
3. From Homogeneous to Heterogeneous
4. From Frat to Hierarchical 
5. Decentralized Hierarchical Control 

Synthesis 
6. Applications in Energy Networks  
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OUTLINE : Part 1

1. Glocal Control & Energy Networks
・ Glocal Control (background, idea, goal)
・ Urban Heat Island Problem
・ Integrated Energy Networks 
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Recently, systems to be treated in various fields of
engineering including control have became large
and complex, and more high level control such as
adaptation against changes of environments for
open systems is required. Typical examples include
meteorological phenomena and bio systems, where
our available actions of measurement and control
are restricted locally although our main purpose is to
achieve the desired global behaviors.

This motivates us to develop a new research area so 
called "Glocal Control," which means that the desired 
global behavior is achieved by only local actions.

Why “Glocal Control” ?
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Large-scale
& Complex

Idea of  “Glocal Control” ?

Energy NWs
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Glocal Control : to achieve desired global behavior
by only local actions of measurement and control
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Urban Heat Island Problem 

Scale of buildings and roads

Local Actions of 
Measurement & Control
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Realization of Global 
Desired Environment 

of a Whole City

Scale of districts/towns
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Control
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Integrated Energy Networks  

Electric power network 
+ Gas energy network
+ Heat energy network

Integrated Energy Network Multi-resolved Hierarchical 
Modeling

 Multi-resolved Prediction
 Hierarchical Decentralized 

Control

Regional Energy Network System
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Power
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Information
Elec. Power
Heat Energy
Gas Energy



Framework for Glocal Control
Realization of Global Functions 

by Local Measurement and Control
Real World
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MR model

HR model
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OUTLINE Part 1

1. Glocal Control & Energy Networks
・ Glocal Control (background, idea, goal)
・ Urban Heat Island Problem
・ Integrated Energy Networks 



Urban Heat Island Problem 

Scale of buildings and roads

Local Actions of 
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Temperature Difference: 
15m above the surface 
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Global 

Prediction
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M
uch cooling affect

Possibility by Glocal Control
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Hierarchical Air Conditioning  (1/3)

Hierarchical Air 
Conditioning System

Area: Group of buildings
Building: Set of floors
Floor:      Set  of rooms

Energy saving (40%)
Heat island problem

Scalability

(with Azbil)



Zone １
Spouts Task Areas

(26℃)
Zone 3

Zone 5

Zone 2

Zone 4
Zone 6

Upper Layer : Energy Saving
Lower Layer : Comfortableness

(with Azbil)

Hierarchical Air Conditioning  (2/3)
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Hierarchical Air Conditioning  (3/3)
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【Layer of Multi. Buildings】

Integrated 
BEMS

Energy Distribution to Buildings

Inf.

Heat Transfer

Energy Distribution to Floors/Rooms 
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EMS】

Towards Regional Integrated EMS

18

(with Azbil)
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OUTLINE : Part 1

1. Glocal Control & Energy Networks
・ Glocal Control (background, idea, goal)
・ Urban Heat Island Problem
・ Integrated Energy Networks 



Features of Energy & Water NWs
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★ Energy & Water
・ not uniformly distributed in time/space
・ unbalance between demand & supply
 Control = balancing energy/water in time/space

・ but, transfer is very costly
 only local actions with exchanges 

in neighbors are available 
 shifting elements in time/space are important

★ To reduce total energy
 Utilizing Nature & Control Strategy

★ Key Points
・ Hierarchical with Multi-resolution
・ Aggregation & Distribution
・ Passivity AggregationDistribution



21

Integrated Energy Networks  

Multi-resolved Hierarchical 
Modeling

 Multi-resolved Prediction
 Hierarchical Decentralized 

Control

U Tokyo
Tokyo Gas
Fujitsu
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Regional Energy Network System
Gas

Electric

Power
Networks

Information
Elec. Power
Heat Energy
Gas Energy

Electric power network 
+ Gas energy network
+ Heat energy network

Integrated Energy Network
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OUTLINE

Integrated Energy Networks 
with Fujitsu
with Azbil
with Tokyo-Gas

Different Target
Systems

Different Focuses

Different Shift
Elements
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OUTLINE

Integrated Energy Networks 
with Fujitsu
with Azbil
with Tokyo-Gas   

Static Storages

Aggregation

Electric NWs
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Opt start 
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Laptop PC Battery System 

(with Fujitsu)

・・・

Distribution Aggregation

Global 
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(Short time)

Upper Layer
course resolution

Lowe  Layer
fine resolution

Three modes:
AC driven
B. driven 
B. charge
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Upper Layer Horizon: 8
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(with Fujitsu)
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optimize
Battery
modes

(MPC)

sort batteries into groups
according to remaining capacity

cabinet panelcabinet panelcabinet panel
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arrange batteries into groups
with similar distributions
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modes
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Two Types of Aggregation 
(with Fujitsu)
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Optimal Design for 
Aggregation (Groping) 

in Integrated Energy Networks
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OUTLINE

Integrated Energy Networks 
with Fujitsu
with Azbil
with Tokyo-Gas   

Air Conditioning 
Systems

Decentralized
Control

Thermal Energy 
Transfer/Storage



【Layer of Multi. Buildings】

Integrated 
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(with Azbil)



Integrated BEMS by Heat Transfer 
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Purpose
Energy Management Control 

by Heat Transfer 
with Thermal Energy Storages
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On Going Work
1) Hierarchical Modeling &   

Decentralized Control 
2) Design Guideline for NWs

(TESs, GEs)



Advantages
– Reduction of computation 

load in each control device
– Localization of confidential 

information（e.g. facility 
information, energy 
consumption）

– Adaptation capability for 
facility replacement and 
performance degradation 
with updating of 
subsystems

Features of Decentralized Control 
Parameters
•Heat loss ratio of all pipes

Hierarchical 
Decentralized 
Optimization

Parameters
•Performance of chillers
•Capacity of chillers
•Capacity of TES
•Heat loss ratio
•Cooling demand

Variables
•Prodeced heat
•State-of-charge of TES
•Interchanged heat of pipes

Variables
•Interchanged heat of all pipes

(with Azbil)
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Chiller Air conditioner

Electricity Chilled Water Air conditioningChilled Water

Thermal Energy Storage

Heat Transfer

G
L
O
B
A
L

LOCAL

LOCAL

LOCAL

Decentralized Control for Int. BEMS 

Minimizing 
Total Energy

Maximizing 
Each Utility

(with Azbil)
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heat loss first-order lag

heat loss

Modeling of Elements and 
Setting of Objective Functions

Thermal 
Storage Conduit

energy

cost To minnimize 
Cost Function 

In Chillers
To maximize 

Utility Function 
In Amenity

Setting of Objective Functions

Modelling of Elements

Convex

Concave

energy

(with Azbil)
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State variables

Equality
constraint

State variables

State variables

State variables

State variables

State variables
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function

Objective
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Objective
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Objective
function

Objective
function

Objective
function
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constraint

Equality
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Equality
constraint

Equality
constraint

Equality
constraint

Equality
constraint

Decentralized Control : Optimization 

Conservative Laws
Dynamics

(with Azbil)
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Cost Cold energy AmenityCold energy

An Example : two buildings
(with Azbil)

Better
Efficiency
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22  8   13  17  22 22  8   13  17  22

Limited Capacity

<Lowest Price> <Highest>
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22  8   13  17  22 22  8   13  17  22

Limited Capacity

<Lowest Price> <Highest>

Design Guideline of 
Integrated Energy Networks f

rom the View Point of 
Hierarchical Decentralized Control



39

OUTLINE

Integrated Energy Networks 
with Fujitsu
with Azbil
with Tokyo-Gas

Electric NWs with 
PV by Gas Engines

Objective in 
Each Layer

Dynamic Energy 
Storages
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Hierarchical Control with Multiple Gas Turbines
Single PV Sum of multiple PV

lower frequency 
by smoothing effect

compensation
error

local

global PV fluctuation

Bigger / Lower Freq.

Smaller / Higher Freq.

To decide optimal        for 
maximizing the efficiency 

capacity used to 
complement PV 
fluctuation

operating 
efficiency of
gas engines

Trade-off

: operating point

(with Tokyo Gas)
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Hierarchical Control with Multiple Gas Turbines
Single PV Sum of multiple PV

lower frequency 
by smoothing effect

compensation
error

local

global PV fluctuation

Bigger / Lower Freq.

Smaller / Higher Freq.

To decide optimal        for 
maximizing the efficiency 

capacity used to 
complement PV 
fluctuation

operating 
efficiency of
gas engines

Trade-off

: operating point

(with Tokyo Gas)

Hierarchical Decentralized Control 
with Different Objectives & 

Different Time-scales
in Integrated Energy Networks



Experimental System for Smart Energy NW
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Tokyo 
Gas

@Senjyu


