FRIENDS in the context of micro grid
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Analysis on energy systems in urban area
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Search for “optimal “ systems:
environmentally compatible energy efficient infrastructure

JSPS research project: 1997-2001
Handai Frontier Research Center research project: 2002-2004




Integrated energy service system and multiple objective
optimization
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Energy system optimization for specific area:
Concepts of modeling

- DHC plant Facilities represen.ted
/ // / by floor space:
Office buildings

Hotels, Stores
Restaurants
Hospitals
Detached Houses
Apartments

Energy systems represented

E by discrete options

Area purchases
=== Piping network (Simplified) electricity, city gas and kerosene
=== Piping network (Detailed)

Areas with district heating and E Areas with individual
cooling System energy systems




Energy system options

(a) Residential Houses

Symbols Components
CNV |JAir-conditioner + Stove + Gas boiler
SL ; | CNV + Solar generation system
................ + Solar-type water heater
ELE Air-conditioner +Electric water
heater + Electric cooking appliance
DHC | DHC(District Heating & Cooling)

E kectric

(b) Business & Commercial Buildings

dem and

Symbols Components
ARH Absorption r.efrlgerator
and heating unit
ER Electric turbo refrigerator + Boiler
N Electric turbo refrigerator +
GE1l, GE2 :
Boiler + CGS(FC or GE) +
FC1, FC2 . :
................... Absorption refrigerator_
Hp Heat pump system with heat
accumulation equipment
DHC DHC(District Heating & Cooling)

Elkectric
dem and

\ Commercalpower

Operaton of GE1 FC1

24hr
Operaton of GE2 FC2
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Mer “X3,s.t + Mar(st) " X4,5t = CDHC st

Mgt *X1,st + X6,5t — X9,5,t = EDHC,s,t T X35t

DHC plant configuration and constraints

Commerc}gl Grid Xg . Electricitx c
( ) A DHC,s,t
X9
< <
Receiving Equipment
!_ ' 7(1 o Cooling
! ..Demand  ~
City Gas ; DHC,st
X, eTL.. — . —..
L 2(2_ _ Heating
________ D Em_and H
BR > Fphcst

Heat Exchanger
XSiWaste Heat

Energy flow constraints

« X = H e H
The * 5,5t DHC st in DHC plant

h
Mgt *X1,s;t T 77or " X2,st = X455t T X55t T Xg st
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Multiple objective linear optimization model

Evaluation Indices:

- Cost

- Primary Energy Consumption
-+ CO, Emission

Variables:

- Share of energy system options

- Capacity and operational strategy
for DHC co-generation plant

Developed by Sugihara & Tsuji

Reference Scenario

Office ARH(24.4%)
ER(75.64%)
Hotel ER
Hospital |ER
Retail Store ER
Restaurant | ER
OB e
Apartment | CNV




Input data: Area for study

£ qu— FIoE)r; 2airea
e Office 807,610
] Hotel 58,349

W | Hospital 54,743

Retail store 281,219

Restaurant 53,780

Detached house 1,250.973

Apartment House 879,753




Input data: End-use energy demand for 12 representative days
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Input data: End-use energy demand for 12 representative days
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Cost Reductbn Rate [%]

Tradeoff curves: Cost vs. CO, emission
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Distributed generation will
Increase as CO2 constraint get
more severe
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b) Business & Commercial Sector
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¢) Residential Sector

B DHC
OHP
BFC2
OFC1
BGE2
OGE1L
B ER
EARH

EmDHC
OFC
EELE
BmSLR2
ESLR1
ECNV




Tradeoff curves: Cost vs.

Primary energy consumption
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a) Tradeoff Curve

Distributed generation will
Increase as primary energy
constraint get more severe
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Needs for new electric energy delivery system

Generation Wind

[1] Penetration of DistributTé Photovoltaic
Micro Cogeneration

Reverse power problem

E:> Frequency fluctuation
Voltage rise in distribution line
Protection problem in distribution

system
[2] * Deregulation of Electricity Market

* Diversification of Customer Needs

[:> Unbundled power quality
service
uninterruptible power
lower—price power



Quality of Power

Definitions of Events by IEEE Std.1159-1995

Voltage Stability
- Under-voltage & Over-voltage
- Voltage Sag
- Voltage Swell
- Phase Shift
* Flicker
- Frequency

Continuity of Supplying Power
- Momentary Interruption
- Temporary Interruption
« Sustained Interruption

Voltage Waveform

- Transient

- Three Phase Voltage
unbalance

- Harmonic Voltage, Current

« Notch

Event Magnitude
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Customer Needs

Does every customer request very high quality in power supply %
What if a customer can choose power of different quality with differet

>Power system configuration that allows a customer to choose.
>Can be realized by the use of power electronics

Present System Multi-Menu Service

y  /
—

Level of
Reliabilifty

Level of Power quality
customers require

/

Customers




Concept of FRIENDS

Prof.Hasegawa, Prof.Nara 1994

General Concept Information Network Domestic
of FRIENDS IA/K Distribution Network ~ CONSUMErs FRIENDS

Switch )
ns

By use of QCC(Quality
Control Center)

[1] Several qualities of
power are supplied
to customers.

CPU

lLa
\
k \
\

Multi- Menu Service

Quality Control [2] Unbalance and
Center harmonics current from

G E— loads are compensated.

[3] Power fluctuation
from distributed
generators (DG) and
loads is compensated,
and reverse power
from DGs is absorbed.

(Flexible Reliable and Intelligent
Electrical eNergy Delivery System)



Conventional Radial Distribution Network

Feeder Distribution line
—
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QO : Normally CLOSE
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FRIENDS Network

Distribution Netvvork

Power Interchange

Feeder

Bus

Normally OPEN QO

e PR / be Interchange
_} ) QCC Load /

© : Qcc
Distribution Substation - Flexibel reconfiguration using

777777777777777777 solid-state switches in QCC
« Multi quality Power Supply to Customers




Example of QCC.:
Power flow in normal operation

QCC

Premium Quality

| I igh Quality
“‘ Normal Quality

o

- Compensation of unbalanced

—@— power
- Absorption of reverse power




Power flows in emergency

Premium Quality

>

High Quality
>

Normal Quality
>

Sags are compensated for

_@_ in Premium and High Quality

QCC

777
Premium Qualit
Thyristor Q y
OFF > )
High Quality
>

Normal Quality
>

Inverter C
OFF

P

Power

Jﬂ UPS operation at Premium

QCC




Levels of Power Quality in 3phasedwire System

=

Events Nom al H P rem um

Voltage Sags X
Voltage Swells
Phase shift
hstantaneous 0 utage
Short tm e outage
Long tm e outage
Unbalbnce 1 3 phase
F Iicker
Unbalnced Current
Ham onic Current
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Power Flows in Normal Operational Condition

Example of QCC:

=

' 22[kV]:400[V] I

(Constant Power)

& __

Distributed Source

Premlum Power

Hybrid Switch
Normally ON

-

3

_

Fluctuation

Absorption of ?
' ]

Normally OF F

Constant
| | Power
T ] T Supply
Secondary Fuel Cell
Battery

| Normal Power I_k

Load




Power Flows in UPS Operation

— Distributed Sources

22[kVI:400M1 | premium PowerI

Hybrid Switch
OFF

Bi-directipnal Inverter Inverter

Load

Stop conl trol

DC Voltage Control \l‘

-

Secondary Battery Fuel Cell



Levels of Power Quality for AC type QCC

-

Events Norma l H Premium

O

Voltage Sags
Voltage Swells

Phase shift
Instantaneous Outage
Short time outage
Long time outage
Unbalance in 3 phade

Flicker

Unbalanced Current
Harmonic Current

ODOO0OX X XOOO

O OO X X X X X X X
OO0 0O0O00000




Concept of Power Exchange among QCCs

|
Utility :
Grid
|
|
|

Power |
Exchangd
|

Bi-directional
Rectifier

Inverter ‘

DG: Distributed Generator |

ESS. Energy.Starage Systen.

|
I Shotage
.QCCM

Other QCCs

=) First priority

If possible

Premium Quality
Power Load

DG

Normal Quality
Power Load

Premium Quality
Power Load

Normal Quality
Power Load

DG




QCC: Interface with Power Network

Office Buildings

Residential Flats Office Office Office Buildings Detached Houses
Apartment Buildings Buildings
HP/Storagfl| Houses CGS
) [}
— || —s| | — || — |
B > | ..... > s el |l ... [~ e o l>
| M|

1| Electric Power!
.~ City Gas -
|

Thermal Energyf

City Gas Network

QCC: Quality Control Center CGS:Cogeneration System DHC:District Heating and Coc
ESS: Energy Storage System HP: Heat Pump SL: Solar energy Utilization System

————— Electric Power - CityGas ——— Thermal Energy



Optimization of QCC Allocation

Minimization of Total Cost of Distribution Lines

F(X;, Xy, X, )=/ 2)jCi(min I - xi||2)P(x)dx

=1/ Z)Zn: _[V. Ci|Ix - xi||2 P(x)dx

where, C. : (cost of unit power transmission)/(capacity of QCC i)
X : location of a load point, (x!,x?)
X; : location of QCC i, (.} x;%)
P(x) : specific load at load point X



Optimization of Network

[Objective function]

ND BR T
Min. a| " (aX, +bYN, )+ ) cuVLy, [+ 8 Oloss'
n=1 m=1 t=1
Distributed Transmission  Transmission loss
generation cost  |ine cost

[Constraints]
(DG’s maximum capacity)

X, e {x*n,x%n,.,xh,.., xtn}(n=1,--- ,ND)
(Expected power interruption cost)

i FLT

t=1

Z 1 p,BLCost " < ¢
r=1 T
(Line power flow

capegityp < P, (m=1,,BR)(r=L-FLT){t=1--.T)



Possible Image of FRIENDS in the Context of Micro Grid

B Prefixed QCC

O Location optimized QCC
A Utility substation
=== Thermal network

e Distribution network




Concluding Remarks

1) Energy system optimization for specific area under the
CO2 reduction constraint results in introducing
various distributed power generation

2) Power distribution network must be redesigned: New
concepts are necessary

3) FRIENDS is one of the possible forms of micro grid
Current status of research:
»Various forms and circuits of QCC have been proposed
»Some of the types of QCC have been constructed and tested in lab

» Customized or Unbundled Power Quality Services can be realized
»Power exchange between QCCs have been tested in lab

Thank you for your attention



