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Features of Energy & Water NWs

% 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 Juf \i
- Hierarchical with Multi-resolution
L

- Aggregation & Distribution
- Passivity

Distribution Aggregation
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Integrated Energy Networks

Integrated Energy Network Multi-resolved Hierarchical

Electric power network
+ Gas energy network
+ Heat energy network
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6. Applications in Energy Networks
with Fujitsu } Electric NWs

Static Storages

Aggregation




| aptop PC Battery System
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Hierarchical Model Predictive Control for

| aptop PC Battery Systems

o (with Fujitsu)
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Two [ypes of Aggregation

(with Fujitsu)
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Two [ypes of Aggregation

(with Fujitsu)

information

optimize
network

Battery
modes

iInformation
networ

(MPC)

optimize
Battery
modes
(MPC)

771
sort batteries into groups arrange batteries into groups
according to remaining capacity with similar distributions

T Optimal Design for

Aggregation (Groping) k
cabinet pan - 2| | cabinet panel
T in Integrated Energy Networks
ohysical network] physical network
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6. Applications in Energy Networks

with Azbil

[—

Air Conditioning
Systems

Thermal Energy
Transfer/Storage

Decentralized
Control

11




Towards Regional Integrated EMS

[Regional (with Azbil)
Integrated
EMS] Integrated
BEMS

Electricity

Supply Companies
Gas

Heat Source Plant ?

BEMS
Heat

» [Layer of Multi. Buildings]
Energy Distribution to Buildings

rl [ [ 2
[Layer of Single Building]
Energy Distribution to Floors/Rooms 12




Integrated BEMS by Heat T ranster

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)
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Features of Decentralized Control

Parameters
eHeat loss ratio of all pipes

Variables
eInterchanged heat of all pipes

Hierarchical
Decentralized
Optimization

Parameters
ePerformance of chillers
eCapacity of chillers
eCapacity of TES

eHeat loss ratio

Variables
*Prodeced heat
«State-of-charge of TES

eInterchanged heat of pipes

(with Azbil)

Advantages

— Reduction of computation
/oad In each control device

— Localization of confidential
information(e.g. facility
iInformation, energy
consumption)

— Adaptation capability for
facility replacement and
performance degradation
with updating of
subsystems
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Decentralized Control for Int. BEMS

(with Azbil)
Electricity Chilled Water Chilled Water Air conditioning
| :
- | o
=
A Heat Transfer

Chiller Thermal Energy Storage  Air conditioner

Minimizing Maximizing
Total Energy Each Utility
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Modeling of Elements and

Setting of Objective Functions

. (with Azbil)
Thermal . Modelling of Elements
Storage u(t) Conduit x(t)
x(t) v(t)
— | Jo> | - |
X —v 0 T Q (v(®) (d®)
+ " s > heat loss
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first-order la
heat loss J
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cost Cost Functioy
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Convex
_/

energy energy

Concave

To maximize
Utility Function
In Amenity
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Decentralized Control . Optimization

(with Azbil)
max Z Objective function
State variables
Objective
. , . f i
s.t. Equality constraints (linear) unction
Conservative Laws — Equality Equality N
. Objective constraint constraint Objective
Dynamics function funct
unctio Equality unction
constraint
State variable State variable

Equality
constraint

Equality
constraint

Equality

Objective :
constraint

function

Equality

Objective constraint Objective

function function 17



Decentralized Control . Optimization

(with Azbil)
max Z Objective function

State variables

Objective
function

s.t. Equality constraints (linear)

Equality
Objective  constraint
function

Conservative Laws

Dynamics Objective

function

Equality
constraint

Equality

Objective constraint Objective

function function 18



An Example - two buildings

(with Azbil)
Amenity

Cost Cold energy Cold energy
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Better
Efficiency

max > " (Ay(Bilhl; h) — By (gl h]; 1)
h i

H = 24 At = 1.0 1.0 < < 15.0
- o [0l = e =[5
ol <ulhl < |
0.30 3.00 0[0] = [1:8

[ ] <vlh A(b[R]; k) = —100(b — demand)? 19



Ik
2_’—/_/A
= I-
DD 10 15 2ID
L
=
z V11
T —
1] 10 15 20
15
10+
I Q1
DEI 10 15 2IEI
Ik
2_
=} i —
b / K
1
DD 10 15 2ID
22 8 13 17 22

Enough Capacity

<Lowest Price>  <Highest>
)]
o
15 2ID
I
a2t V22
I
" 5 1 15 9
15
s
st Q2 R
uIJ EI 10 15 2IEI
Tk
ak
- 1F b2 /”({_—_—_M‘_—H‘
s
EID EI 10 15 2ID
22 8 13 17 22

20



1 < Q> <2 | Limited Capacity
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[ 1 g QQ S 2 J Limited Capacity

<Lowest Price>  <Highest>

i
j V11
1 U12 2
. - QZ _______________________________________________________________ ...................
“u Design Guideline of =>—
b, Integrated Energy Networks f
) rom the View Point of ,
Hierarchical Decentralized Control

22



OUTLINE : Part 6

6. Applications in Energy Networks

with Tokyo-Gas

Electric NWs with
PV by Gas Engines

Dynamic Energy
Storages

Objective in
Each Layer
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Multi-time/space Resolution Approach

(with Tokyo Gas)

global
for large or /\mi;“\/

slow fluctuation capacity: large
response: slow

space resolution

........

capacity: small
for small or response: fast
fast fluctuation
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Hierarchical Control with Multiple Gas Turbines

) —

—example?
—examplel
=="maodel

m‘wwwm I
lower frequency

by smoothing effect

E ~50
k
—100} p
Tps +1
_150 wuuu\_a L Lo
10

107 10” 10° 10’

frequency[rad/sec]

Bigger / Lower Freq.

To decide optimal <¢ for
maximizing the efficiency

Trade-off

global

(2p; 2g)

l PV fluctuation

compensatio
error €

capacity used to
complement PV
flyctuation

Zg . operating point

<g
25



Hierarchical Control with Multiple Gas Turbines

Single PV Sum of multiple PV

) —

R / r—— it
Hierarchical Decentralized Co
with Different Objectives &
Different Time-scales

In Integrated Energy Networks
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Experimental System for Smart Energy NW
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A Unified Model for Energy NWs

diag{Sat(O’i)}

u
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Smart Water Surrounding System
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Desigh of New Water Space

- Diversity and Multiple Properties of Water
- Self Circulation in Nature

Land Energy
Subsidence AW:-lL Problem

Heat
Island
Problem

._.-.

Design of New Water Space “Smart Water City” i



New Cities of Water: Utilization
of various functions of water

T e

Smart Creeks: Distributed water
treatment & circulation system

Optimal control of .
water demand and
supply balance

Circulation with
underground
water

NN
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Smart Creek: Decentralized Wastewater
Treatment & Circulation System
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Smart creak unit & Flow meter
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“Natural Water Cycle” Social System

Innovative Social System
1

To Solve Social coexisting with
Problems | “Water Cycle”

Simultaneously

Pre-modern

The “Basin”
City Coexisting
with the Nature

3 . B Explosion of Human Activities
Fight against Natural Threat — Lack or Absence of Balanced Activities with

Society according to the Nature the Nature ( Global Warming etc )
v — Many Natural Disasters — High Cost
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From Smart Water City

Toward Smart Water Surrounding System

The “Basin”
City Coexisting
with the Nature

Global Prediction
Development of
Three Dimensional
“Water” General
Circulation Model

Cloud data server

Glocal Control
Social System
Design for the
Implementation
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Key Notion for Future™

Harmony with Nature and Social Systems
Human NW

Integrated Control NW Economic NW
(Measurement, Prediction & Control)

Thank you very much /
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