Power Outage Report

Date / Weather : \ , 2021/ 8. Category of power outage(A01~28) A
Detail (If A28) :

Office

Province / District : / 9. Damaged Part

Substation / Feeder : / 10. Failure Cause in detail

Power failure detection : [JOC LIEF LJOC-EF

Outage duration(Maximum) : minutes

(photo and figure of local site / damaged part)

Number of customer Maximum) : customers

Progress of Restore

Number of
Time Restored Remarks
Customer.

Power outage -

Partial recoveryl

Partial recovery2

Partial recovery3

Partial recovery4

Partial recoveryb

Partial recovery6

Full recovery




11. Location of failure cause. (indicate into SLD)



Example

Date / Weather :  5th July, 2021 / Rainy

Office : XXXXX

Province / District :  NCP /Anuradhapura
Substation / Feeder : Habarana /07

Power failure detection : E(OC LEF LJOC-EF
Outage durationMaximum) : 180 minutes

Number of customer (Maximum) : 4,567 customers

Progress of Restore

Power Outage Report (The Firstt Draft to Discuss)
8. Category of power outage(A01~28) : A09

Detail (If A28) :

9. Damaged Part

conductor

10. Failure Cause in detail

Number of
Time Restored Remarks
Customer.
Power outage 16:30
Partial recoveryl 17:00 1,567
Partial recovery2 17:30 1,400
Partial recovery3 17:45 1,200
Partial recovery4 18:00 300
Partial recoveryb —
Partial recovery6 —
Full recovery 19:30 100

A broken tree touched conductors.

Figure from above

__.Tree position

Broken Tree Conductor




11. Location of failure cause. (indicate into SLD)
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Procurement Plan (Draft)

Copyright © Chubu Electric Power Co., Inc. All
rights reserved.

Procurement Plan (Dratft)

Procurement Equipment ‘

In this Procurement Plan, equipments which doesn't required field survey are included as
shown in the tabel below.

Installati Countermeasure
Order Equipment on Site
_ Over Current Indicator (OCI) Abbreviation

Remote
Procurement

Guidance/Advice

Abrasion Resistance Cover for Conductor FEEE] D E (remote)

Ground Fault Detector I . I Better
Enclosed Cutout Fuse possible (remote)
Fault Locating System . .

Time Sequential Sectionalizer impossible G

Copyright © Chubu Electic Power Co, Inc. All ights reserved.



ARC: Abrasion Resistance Cover for

Conductor

Copyright © Chubu Electric Power Co., Inc. All

Conductor Cover for Way Leaves

rights reserved.

T —

A__—‘

item

Performance

Commercial frequency withstand voltage

Drying: 15kV x 1 minute,
Watering: 10kV x 1 minute

Abrasion resistance

Outer layer 1000 times,
Inner layer 500 times

Flame retardant performance

V-0 class

Reference URL: https://www.fujikura.co

Copyright ©

hubu Electric Power Co.
rights reserved.

ép/plroduAclt‘s/infrastructure/otherproduct/01/2044039_11376.html
0., Inc.

4
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’LHus...
- . ' Pl =P
2. Abrasion Resistance Cover for Conductor A
e

[Overview]
This product is used to protect electric conductors and cables from trees, etc. by attaching it
to electric conductors and cables that are adjacent to trees, etc. /

[Benefits]

-This product is made of flame-retardant materials. (V-0 class*) ; b
-The two-layer construction (outer layer: black, inner layer: yellow) makes it possible to
visually check the time of replacement due to abrasion.

-A locking mechanism is provided at the bottom of the joint to prevent it from opening.
* The flame-retardant grade is a measure of the degree of flammability of plastic materials used in equipment and
appliances and is generally defined by UL94 standards.  (Superior) 5VA > 5VB > V-0 > V-1 > V-2 > HB (Inferior)

Abrasion layer
(Black colored) .

Abrasion indicating layer

5 (YeIIow colored) Copyright © Chubu Electric Power Co., Inc. All rights reserved.
. . . . p"-‘:.“.l"ﬁi.,.
WG3-1: Technical Transfer by OJT on Site -OCI installation- I

OJT of ARC installation on site

» Wire break down by contacting to a close pole in the same span due to wind blow.

< =

_ connected |
S \\\\\‘

6 Copyright ® Chubu Electric Power Co., Inc. All rights reserved
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https://www.n-koei.co.jp/

OCI: Over Current Indicator

Copyright © Chubu Electric Power Co., Inc. All
rights reserved.

Equipment Procurement Plan o i

Since there is no prospect of travel to Sri Lanka, the equipment procurement plan
will be carried out as shown in the table below.

Order Equipment Procurement on Site
Over Current Indicator (OCI) ossible abbreviation
Abrasion Resistance Cover for Conductor P
Ground Fault Detector possible necessary
Enclosed Cutout Fuse
Time Sequential Sectionalizer impossible necessary
Fault Locating System

The equipment to be procured is classified into three categories according to
“whether or not it can be procured remotely” and “whether or not guidance and
advice are required at the site (not installation instructions)”.

Therefore, only installation order 1 will allow remote procurement and installation.
Installation order 2 can only be procured remotely. (The delivery to the CEB has
been completed and the installation can be done immediately after the travel to Sri
Lanka.) Installation order 3 does not allow for remote procurement and installation.

9

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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’LHus...
. P Pl -Poe:
1. Over Current Indicator (OCI) A
[Overview]
This product is an over current indicator (OCI) with a function to detect and display the
overcurrent (short-circuit current) flowing in the overhead distribution lines, and to
automatically recover after a certain period of time.
[Benefits]
Maintenance free (no batteries are required due to electromagnetic induction operation)
Applicable to bare conductors Rating
I N T
Rated operating current 300A 600A
Min. detection current 250+30A 550+40A
Indicates retractor current 2A or more
Indicates retreat time 5hours
Overcurrent strength 12.5kA
— Rated frequency 50Hz
Image of attachment to a conductor Operating temperature range -20~40°C
10 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
. ..’ Hlalsd W
1. Over Current Indicator (OCI) P
The patrol can
be omitted in

The patrol should be performed in these arcas
Over current indicator legend

Color change (A, B, ©)

display state hidden state {2} White (D, E)

(When overcurrent passes) (Normal) & No need of checking (F)

The color at bottom of the indicator is changed from white to red by the passage of short-
circuit current through the parts behind the installation point.

So, The patrol should be performed in these red areas since there is no need to look at the
latter part of the distribution line.
In this case patrol time can be cut in half.

11

Copyright © Chubu Electric Power Co., Inc. Al rights reserved.
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2022/12/23

’LHU#-\.

P Pl -Poe:

WG3-1: Technical Transfer by OJT on Site A

Important announcement on OCI detection duration:

Guarantee level of detection time: 0.5 s or less

Actual performance level of detection time: 0.07~0.17 s

Proposal of OCI operation, as follows.
« If there is a detection display,
there is a failure on the load side of the OCI.
« If there is no detection display,
it is unknown whether there is a failure on the load side of the OCI.

Copyright ® Chubu Electric Power Co., Inc. All rights reserved

12

1. Over Current Indicator (OCI)
1-1 Short-circuit Current

[received] (a) at the nearest load side of OCI.
[ALL] at the end of the feeder where the impedance is maximum

on the load side of OCI.

$— aa - :
¥ -~ Nl P ORI DT Er )

e =, Fas lemd nusree S

o (b1)? s

S22 Ay palat GON

=5 Power supply side of OCI2. -
h Input the smallest value of “b”.

o 5 Example...
,: s — & (b2) if short-circuit current(b1:2.21kA)
> Nol = =z HuBBods < short-circuit current(b2:3.5kA)
2 = 8T = = I
TR < —— ¢ | 2.21KA :
== = /‘f; . = E= 4 | (power supply side of 0CI2)

...... 51 (Q) seioasi ]
e ( % Load side of OCIL. Copyright © Chubu Electric Power Co,, Inc, Allights reserved.
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’LHus...
WG3-1: Technical Transfer by OJT on Site -OClI installation- N oot s

15 Copyright ® Chubu Electric Power Co., Inc. All rights reserved

WG3-1: Technical Transfer by OJT on Site -OCl installation- N ot

OJT on site in case of ARC installation

-Please keep approx. 1 m away from the part where the wire splits downward.
-Please keep a distance of about 400mm between different phases.

-Please lessen a conductor sag, if it is deeper.

Shift the OCis slightly oc! Put a litthe mate tension on the conductor

16 Copyright ® Chubu Electric Power Co., Inc. All rights reserved
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’LHus...
WG3-1: Technical Transfer by OJT on Site -OCl installation- N oot s

The possibilities of the sound from the installed OCI are:

+ The wire thickness adjusted with tape instead of spacers might be too thick and doesn't fit well.
+ There might be a slight gap.

+ The core surfaces to connect each other might be dirty.

17 Copyright ® Chubu Electric Power Co., Inc. All rights reserved
. . . . p"-‘:.“..".'ﬁi.,.
WG3-1: Technical Transfer by OJT on Site -OCI installation- o s

OJT of ARC installation on site

» Wire break down by contacting to a close pole in the same span due to wind blow.

AN

18 Copyright ® Chubu Electric Power Co., Inc. All rights reserved
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GFD: Ground Fault Detector

Copyright © Chubu Electric Power Co., Inc. All rights

3. Ground Fault Detector (GFD) ARG KT

DC voltage (5 to 15 kV) is applied to the high voltage line in the power failure
section by the fault detector, and the ground fault current is received.

The cause of the failure is identified by the light emission and buzzer sound of the
receiver. This makes it possible to identify damages and internal failures of the
arrester, which are difficult to check with the naked eye.

Sgction )
Transmit current (L W\ |- | Without failure -
oy IS >|< >
Electricity cable | light 7 No light h
emission emission

Apply DC voltage
. Transmitter / Main C

I / earth Buzzer
wire sound

O O |
——
Main earth resistance R1 l Failure point (earth resistance Rg) l

Jl

CT receiver on the load side from the failure point
does not emit light and buzzer sound

Copyright © Chubu Electric Power Co., Inc. Al rights reserved.
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’LHus...
3. Ground Fault Detector (GFD) Tisoon ko

[Verification of Technical Issues on Real Lines]
-The applied voltage to the actual line path

—there is a possibility that this device can be applied to a complete ground fault
on a 33KV distribution line.

-The detection range of the charging system and the applicability of the distribution
line length.

—lt is effective to divide the distribution line into 30km or less or to install an
overcurrent indicator separately.

*The detection method using GFD is shown in another data “20200908 Detection
method of Ground Fault Detector”.

21

Copyright © Chubu Electric Power Co., Inc. All rights reserved.

Confirmation : How to store, use GFD
DD2 / Eastern / Batticaloa

AT v,

' i Hexample
O : Office

A Substation

O :operating area

22
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Confirmation : How to store, use GFD
DDZ/EaStern/ Battlca|0a O:Ofﬁce O : Operating area

A\ Substation — Feeder

v/ Store at....

v Use at which substation/feeder

v/ Calculate current status(2019) of SAIDI
X SAIDI of each feeder where you will apply
GFD in the pilot project

23

ECF: Enclosed Cutout Fuse

Copyright © Chubu Electric Power Co., Inc. All rights

2022/12/23
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Enclosed Cutout Fuse

We thought DDLO installed in the primary side of the 11/0.4 kV transformer(substation)
would be exchanged to enclosed cutout in the pilot sites. Is it right?

26

12



Enclosed Cutout Fuse

2022/12/23

I Causes in 11 kV lines which can be reduced by enclosed cutout instead of DDLO

: installed in the primary side of 11/0.4 kV transformer(T/F)

- Touching of birds, animals, tree, etc. to the exposed parts of DDLO

- Deterioration of DDLO(shown in photo) itself by ultraviolet, etc.

- Burnout of 11/0.4 kV transformer such as internal breakdown of primary winding, in
case of no DDLO at primary side of T/F

Enclosed Cutout Fuse

[Overview]

27

Enclosed cutouts are installed in the primary side of an MV/LV transformer, in order to be able to isolate the
An enclosed cutout is constructed with a fuse holder concealed by

transformer from the MV distribution line.

insulator. This can prevent equipment failure due to contact with flying debris, salt damage, etc.

A

I
3
.

’-—

—
¥

Source: Nippon Kouatsu Electric Co., Ltd.
[Request]

i

Specifications of ECF

Rated Vokage av

Rated Cusrent “0A

Rated Frequency 50/ 60Hz

- Fuse Lok Asperage 6A - S0A [man)

Ambsant Tomgerature 20°C - +40°C

- Altnude < 000m

~Dperation Cydle (at ro load) > 500 tirvws

-Increane Termperature 60°C

-Rated Interrupting Current 12.56A, Jtmes

Load Break S0A/ 15 times B5A / 6 Smes
Power-frequency Withstand Veltage A2V 20 earm and betwoos po

BiL {Basx Imputse Level)

“terrupting Capacty {Sym Curment)
Crnepage Dvtance
Waght

SV (aomes montrg Sutnes)
TERY 00 00 and between pote}
B5AY (Actes matsteg Seterce|
1254

2000 (2Sene KVx 11 2)
A%

To connect the cutout to the equipment, please send us construction drawings and photos of the transformer

primary.

Copyright © Chubu Electric Power Co, Inc. Alfights reserved.
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How to Break Load Current (Turn on and off)

By inserting the top of an
operation rod into the bottom of
a ECF from the ground, line can
be turned on and off and the
load side of the enclosed cutout
is isolated.

Opening operation Closing operation
(Turn off) (Turn on)

Source: Nippon Kouatsu Electric Co, Ltd.

Source: NGK insulators, Ltd.

Copyright © Chubu Electric Power Co,, Inc, Afrghts reserved.

How to Check Drop-out Action of Enclosed Cutout Fuse

Fuse carrier part is dropped out, when the current flowing through an enclosed cutout
exceeds the fuse capacity and the make fuse drop out as a proper action.

}

)

A
=
.
3

Source: NGK insulators, Ltd.

State of Dropped out

urce: Nippon Kouatsu Electric Co, Ltd.

Source: Nippon Kouatsu Electric Co, Ltd.

Copyright © Chubu Electric Power Co, Inc. AlfHghts reserved.

2022/12/23
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Enclosed Cutout Fuse

Drawings of cutout
installed in the primary side of transformer

15KV 1C120mm’ SAC

15kV 1C120mm’ SAC

T!ansfotm

11-6.6/0.4kV 160kVA

1kV 120mm’
Cw/PVC/XLPE cable ¥

" MCCB250A 3PN

1KV 120mm? !
Cu/PVC/XLPE cable ©

\ ———— Busbar 3004
e 061V Alumimm &
mulated cable | & L g
(Aerial Bundle Cable) 8 lTTr']]E M —

2022/12/23

Copyright © Chubu Electric Power Co, Inc. AIRTEts reserved

Enclosed Cutout Fuse

How to attach the mounting bracket to the cutout

Tl 20 i 1 e ol (8 5 i) o ) W10
Parwioms T B bt b B i ey L bl
Phos the trachet 0 o o hemcred s

&

Copyright © Chubu Electic Power Co, Inc. AIRghs reserved.
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FLS: Fault Locating System

Copyright © Chubu Electric Power Co., Inc. All
rights reserved. 33

6. Fault Locating System (FLS)

[Overview]
- Locates and indicates faults on transmission and distribution lines;
Consists of fault detectors installed at substations and Host PC placed at a regional maintenance

& service office;
- Capable of detecting faults occurred on the line that has a detector at either end.

Host PC

at offica

A fault occurred botween two FLS equipment can be Jocuted

[Advantage]
FLS reduces losses from outages and the overall cost of line maintenance.

-Accurate Locating
-Efficient Fault Locating Work = Fast Service Restoration & Personnel Cost Saving

-Detection of Various Fault Types

Copyright © Chubu Electric Power Co, Inc. All ights reserved.

16
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6. Fault Locating System (FLS)

[Selection criteria]
Feeder with large transient current such as lightning, etc., rather than a failure caused by contact
with another object

[Conditions of application]

-Itis possible to take in CT3¢ and VT3¢ at each terminal.

-Itis possible to take in CB contact information or protection relay contact information at each
terminal.

-The grounding method shall be either direct grounding, resistance grounding, or grounding
transformer.

-The SFL(Surge Failure Locator) and the server should be able to communicate with each other via
IP network.

-It should be able to receive GPS signal.

(It may be difficult to receive GPS signals in mountainous areas.

*Finally, need to check the distribution system diagram

[Request]
Please send us about your grounding system and fault detection system.

Copyright © Chubu Electric Power Co, Inc. Al rights reserved.

5. Fault Locating System (FLS)

<33KVEBHEADFLSTERAA—T> HER
\ 33 kV Transmission line <33 KVEREHE A~ DDFRERA A—2 >

-

33/11kV s 33/11kv P zE
FLs 7 FLS : R
o Substa e i 8
station Lo /
N B 132/33 kv
F7323
BWEER A
o
33/11kV
Sub
station
C

=B 132/33 kV
2S5 HH
YOIk

L

Copyright © Chubu Electric Power Co, Inc. All igf reserved,
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4. Fault Locating System (FLS)

Fault Locating System : AMT7000
Normally, where MV/LV transformer and many branch don’t exist.

Concerns for introducing.

v ltis necessary to know the detailed wire information of the target distribution line.
details are such as

v/ Since the distance is measured by the impedance value of the MV, it cannot be applied
in the case of an LV failure.

(due to the impedance of the transformer affects the measurement of distance)

v Since it is not possible to distinguish between LV and MV failures when a failure occurs,
the failure point is displayed even when an LV occurs.

v ltis expected that repeated maintenance will be required to improve accuracy.
2 The error(10%) of the initial setting value (impedance) leads to
the error(10%) of the distance of the failure point.

It is necessary to identify the actual location of the power failure cause
to correct the set value from the error between the distance indicated by the
fault locator and the actual distance.

Copyright © Chubu Electric Power Co., Inc. All g reserved.

Thickness and of wires for all span

Thin Wire Thick Wire

40
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Cargn Focduty by arva— Ve Gu—
8km I
1 s 13
& 2 o 2
g K i |
K ] < S8 6.9km 8km <%

=
. Towaw X177 Tondw 715 Fowder ¥ 1% Fawewr %178 Fomaw H17 5 Tonde %15 Fawde KiFs Swoket X1y
Wabiom 12%s Raudow 116y CTTTTEENTE T Haem 72w amoe (e m A RO DI
- g
¥ J - - @
= ¥ 0 el s
2.2km ~ e
8km |Hf H ¢
L i
N be
., PEPOLANOA
et s
e R .
& - impedance

§= ———— Raccoon (Z[Q])
i Rabbit  (z/2[q])

Ei@ |
41

Configuration of Fault Locating
System for the Pilot MV feeders

19



1. System Configuration
[ASubstation | -=- === =============-=-=== - (o substatn |

/

Digital input

Backup

[ neoeem)

Voltage signals
from VT secondary,

Relay tripping or CB position

AC 100~240V Power Supply
from separate MCCB.

Clamp Sensor '
(CT secondary) gpg 1

N 7
N .

T 7
| TransmissionjLine

Current signals
from CT secondary.

VT 39,

) E
Alarm contacts €— Surge Type

Fault Locator
(SFL-2000)

Surge Type
Fault Locator
(SFL-2000) ;|

Digital input
Relay tripping or CB position

> Alarm contacts

'\ Power Supply .

Substation Intranet

Substation Intranet

Client PC
(MS Windows)

Operation can be performed
from web browser

2. Rack Mounting Image (1/2)

Connector modell

For GPS antenn:

Front view
[ — ES
1
RS 3 % :
1efp T e
! 1
: & 24

T

. |

1| @ B :
1

HE ] :
1

P I

N 2 =/ ||

[ mlmm

Voltage test terminall

\
\
| i |
to SCADA to registered users !
(Option) 1
|
I
F/L Server !
(Linux) :
Calculate the Distance to i
Fault |
& Display Results :
& Send E-Mail 7
-
Side view (right)
: SYSTEM shipment goods :
1 *SFL-2000 1 Front
| ~Arestor ! >
| *GPS antennaand cables .
1 +Clamp sensor and cables f GPSantenna
I -Noise filter 1 Outdoor mounting|
! 1
1 [~mtmmen
b :
4 1
Surge Recorder (Full type) SFL-2000 {
: GPS antenna
: cable
q ' Length=X m :
q | The X m is unknown,

Media convertor: If you use the Optical
fiber.

Connector type(Media) conversion is

SC or ST type for Optical fiber // RJ-45
3 The connector model of the converter
has to match information on the Optical
fiber side connector model.

Terminal blocks[T1]

DITB

Please use the
Voltage test terminal
which you normally |

®

o

se.

Opening and shutting usage of power supply
Example:MCCB[Molded Case Circuit Breaker]

Ground bar

Regarding Cables for Voltage element, Current element, clamp,

50 check the site.

Clamp
sensor
and cables

e e T TR

power supply, etc., please arrange them depending on situation of

2022/12/23
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2. Rack Mounting Image (2/2)

R sorue
|
|
i
|
|
s 5
4
| g @ s
[ Ug A g
[ i
. £ SFL-2000
|
i i
| P y—
' .
'l -
| v
. oo
==
aca
dco

7. Input Elements (1/3)

Dimension

482.5(W) X 266(H) X 302(D) mm
For 19 inch rack type

Kind Element Purpose
Analog Input | 3-phase Line Current ® Fault location calculation
Zero-phase Line @ Fault detection (Current surge detection)
Current ®Fault detection (Current RMS Level
(la, b, Ic) detection)
3-phase Bus Voltage @ Fault location calculation
(Va, Vb, Vc) @ Fault detection (Voltage surge detection)
®Fault detection (Voltage RMS Level
detection)
Digital Input | Protection relay ® For fault detection, and fault phase
tripping or determination.
Circuit breaker status

®Input Elements are configurable

2022/12/23
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3. Input Elements (2/3) o

Blocks[Tll] Metal connector |

i IA----:HCHli e
U oo
$o-- 1<
!

|

|

|c---{mcmi
m---{mcm:

J FUSE — vrTa i
VA 1WVIgF— o !
B =) "|gs | T2
H VC 1V3oF—} = L 1
— CHe
: VN 1 l -
=it —
N ==
- condal Test Terminal Ea
gHsI p
Metal
7 e ! o]

Nl
|B----:Mcmoi
|c---{ﬂ@

|

TIL#L TIL#2 i o= {H cH2l

*1: Length information is required. T FUSE  vrT2 1

The X m is unknown, so check the site. VA 2V} C &g
= R

Lo--ooo- Ve 2vahE— 5

= .
VN V4G = ((‘:H].A! 6

TR £

BUSY ! 1A ngi

vr Seconda!y Test Terminal g

Chig

3. Input Elements (3/3) —

DC element
Voltage from 110Vdc to 220Vde

Continuous overload 300Vdc

Threshold ON 80Vdc or higher
OFF 30Vdc or lower

EEEESTTew e~
RANININIETEARAEY

Input impedance 30k ohms or more
Burden 0.5W or less (at 110Vdc)

R

22
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4, Clamp sensor

Ozt of mted ronascss ( Surge Recarder ude)

5. Power Supply

Power sapply cireuit chart (Tmage)

Mot conmertar
I yws use the Optical ther astall & meada converter

19— W
Fitme
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6. GPS cable, LAN

Media convertor:
If you use the Optical fiber, media convertor will be ins .zillecl

(MCWls with comzactor ~ -
(S Actenes ("IKDEE] EPETEM shigmret grods m Tr
™ esced

Surge Rascadu Cazzactoemodal 2 %

W_————r
Hd ane

-'-.-._;_IT Hzlm un [ = ()=
;

-
/ Lesgiteln Coonucter zodd l"
/= nas |
/' 'l:a preedbu [

-y~ R TNy
/ .

,v"‘ To(FS Arkersa

: |

1

'
'
> TosFLM .
(" e wad conametan (Takle wed comangor | > o
' .
'
' . e
' § Cbodatn e Dtamen b0 P e
| [ BRI ' 1,
| | rccwmarmw - | -
-
.~

-

FreReey

=

(herestey 3P 2000 KINKEL SYETEM stapmen) grods

7. Supply Criteria of equipment (1/2)

Location Delivered by
Item -
A SIS B SIS Office Manufacturer Local argent or CEB
SFL-2000 Surge recorder X X X
GPS Antenna X X X
Debe Clamp for GPS Antenna X X X
Arrestor
Cable between GPS antenna and X X X
arrestor
Cable between SFL-2000 and arrestor X X X
Self-fusing tape for GPS antenna X X X
Clamp CT with cable X X X
Noise filter X X X
Panel for SFL-2000 X X X
MCCB X X X
(Molded Case Circuit Breaker

24



7. Supply Criteria of equipment (2/2)

Location Delivered by
Item A SIS B SIS Office Manufacturer Local argent or CEB
Outlet X X X X
Terminal Blocks X X X
Voltage Test Terminal X X X
4 cores VT cable X X X
Power supply and Ground cable X X X
DC 110V - 220V or AC 100V - 240V
Network HUB X X X X
LAN cable for SFL-2000 and F/L Server X X X
Media converter (option) X X X X
If the customer uses optical fiber cable,
media convertor should be installed.
F/L Server hardware X X X
(Linux server)
Red Hat Enterprise Linux 7.6 (64bit) for X X
F/L server
F/L server software X X
8. Work Criteria
Equipment Action Item Manufacturer Local argent or CEB
name
SFL-2000 Installation (x) X
Calibration X X
Test X *)
F/L Server | Server hardware Installation X
Red Hat Enterprise Linux Installation X
Application Software installation X
Test X

® Please arrange a digital voltage/current generator and a digital
voltage/current meter to the substation.

®  The manufacturer will use them to perform calibration of SFL-2000.

2022/12/23
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9. Installation and Test Schedule

An example schedule at site

Location

DAY

Task

11

12

A
Substation

Installation
Panel, GPS antenna, | >
SFL-2000,

VT/CT cabling

SFL-2000 Test C——

B
Substation

Installation
Panel, GPS antenna, » o
SFL-2000,

VTI/CT cabling

SFL-2000 Test C——

Office

F/L server Installation =

F/L Server Test <D =

Classroom

Training

To dispatch an engineer to CEB on this date

10. Services(1/2)

@ Initial Data Setting
The manufacturer shall set the parameters.

For example, overhead line length, transmission line name,

surge speed, device definition, threshold level.

@ Training
® Place

Classroom where connection to XXXXX network is
available in order to access F/L server and SFL-2000.

® Contents

>

YV V VY

System overview

F/L Server Operation
SFL-2000 Operation
How to download data

2022/12/23
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10. Services (2/2)

@ Fault Locating Result Analysis Support

[ When a fault occurs, the customer shall download the recorded waveform data from
the F/L server. Then the customer shall send the downloaded data, calculated fault
location and the actual fault location to the manufacturer by e-mail.

[} The manufacturer shall analyze the data and create a report and send it to the
customer.

° When the locating error is not negligible, the manufacturer shall pinpoint the cause
of the error and shall suggest the setting parameter change.

Fualt Ocourronoe
[Dustouer]) [Mazminetuzrer]
. v the data tothe oo Batioey ty
| Lalinl

A-0m L] Tewslond) Rgweforn

>  wwfors ks doal 120
Dt Acxprit i Lien 11 ity

v V

KL Servee ¥l Sereer Caloulated Foult Error Amlyzis
Fadt Locting Hrowse the Besult locating Besult
lnmection Yxe > Atnl locstion Creste u regart

TSS: Time Sequential Sectionalizer

Copyright © Chubu Electric Power Co., Inc. All
rights reserved. 59
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What is TSS? - Automatic Early Recovery against Fault Outage -

TSS sectionalizes a fault section area automatically.

(

detects and isolates)

Process Power Flow Automatic Action
Feeder A Tie-SW Feeder B
(1) Normal ee e:.} wS1 P52 Y = Suppose, Feeder-A is divided into 3 section areas by 2 section switches
m—><'c>—>f0—>\<><—“ (SS). Feeder-A is tied to Feeder-B via Tie SW.
Area-1 Area-2 Area-3
o 1 4 If a fault occurs in Area 2, the relay at S/S detects a fault and makes the
(2) Trip m—o _ 0 —<>4—‘|' circuit breaker (CB) trip at S/S.
CB (off) All SSs also get opened as their powers get off.
(3) Reclose =+ AL <> <> ‘HI In 60 seconds after the fault detection,
m c the CB gets closed automatically and Areal gets energized.
CB (on)
""'.|‘ In 9 seconds after Areal gets energized. SS1 gets closed automatically
(4) Re-Tri M . <> <> " and Area2 gets energized. However, the CB trips again because Area 2
P B has the fault. At this time, SS1 memorizes that Area 2 is a fault area and
i:osn()off) keeps its own state off (Locked).
= =
(5) Reclose  giib——s<> — - < _<><—l|' In 60 seconds after the second fault detection, the CB gets closed
again Locked automatically and Areal is energized. But SS1 never re-close.
CB (on)
ere 4 If the Feeder A side of Tie-SW is kept off in a certain time, Tie-SW closes
(6) Inverse " > ‘> -~ C> ¢ ‘H automatically, and Area 3 gets energized.
calon) Lotked Thanks to TSS, Area 1 and 3 can be supplied power automatically.
f\r/y'L\‘l:T hubu-Electrie-P f‘_yl A
rights reserved. 62

| (1) Outbreak of Distribution Line Fault

[* Suppose a ground fault occurred in Section 2.

-

% Protection relay installed in the substation detects the ground fault.

¥ The circuit breaker in the substation intercepts the distribution power.
s The distribution line area looses power.

.

0017

Substation

e

S 0214581

Section 1

@

*63

2022/12/23
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| (2) Reclose of Circuit Breaker

[ ¥ The circuit breaker is closed in 60 seconds after it intercepted.

¥ When electric power is supplied to the power source side of the Section
Switches, they start to count the given times (called : X time limit [multiple of 9
seconds]) and then are closed in order.

EEE ———

—®—1

1779
IE 00 772
‘ X= 95 L
Substatlon
X

X T ~—
001671 011251 ‘ 024704

T 021581

64
‘ (3) Reopen of Circuit Breaker (Detection of a Fault Section)
[7‘1 The Section Switch (00I671) gets closed after 9 seconds. ]
¥ The protecting relay detects the fault again, since the fault is in section 2.
Y The Circuit Breaker gets opened again.

=T
®‘I

1772 - 011522
= 001772

(03] X=9s | o
Substatlon

>
— Ne

- 001671 011251 m 024704
--------------------------

If the Section Switch detects the outage within six
seconds after closing, it is locked (never closed)

<T 021581

\'1 S o \T S

29



| (4) Re-reclose of Circuit Breaker

(about 140 seconds after the first open)

[7‘»{ The Circuit Breaker is closed again after a given time. }

% The Section Switch (001772) starts counting X time limit (18 seconds).}

ST p— —

——1 & 1 —®
7 e - 014522
CB oox7r2 T, o021581

Substation

\‘\\ 1 ® 1 ®
~_ 001671 014251 [Section5 | 024704
"""""""

*66

T

| (5-1) Power Distribution in No Fault Sections

[* Section Switch (001772) is closed after 18 seconds. }

[7& Section Switch (014522) start counting X time limit (9 seconds)}

15—

Section 3 is turned on.

00I772 ™ - 014522

T o2ts81
Substation | e

\‘\\ 1 ® 1 ®
~- 001671 014251 | Section5 | 024704
""""""""

67

To—

2022/12/23
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| (5-2) Power Distribution in No Fault Sections

[7‘: The Section Switch (014522) is closed after 9 seconds.

Section 4 is turned o

J— R X=9s J—

“| section 3 \w}

Substalt‘.ion < %
(1>- (‘I}@ >{T

~_ 001671

*68

| (5-3) Power Distribution in No Fault Sections

Eiﬁx’ The Section Switch (024581) is closed by the remote operation at the office ]

Section 5 is turned on

Section4 N

I e 017_"522 O
IE 00 7752 S 024581

Substation %
1 ﬁ}@ >{T

~_ 001671 014251 [Section5 | 024704
"""""""""

*69

2022/12/23
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| (6) Investigation of Fault

Go to the section 2 area and
search and remove the fault
cause!

[cB ] 00L7) <'I> 024581
Substat ion S %
O NN

® 7
\ jdl"
00 N 014251 , 024704
_________________________ - ‘ - o L Z

/'v. - B
0oty .70

Time-Proven in Japan and Standardized in IEC

Time Sequential Sectionalizer (TSS), having been working in all the Japanese
electric power companies, has time-proven performance.

TSS was standardized as IEC 61850-90-6 in 2019.

Australia (2012) I 244
France (2010) NN 95
England (2010) N 70
CA, USA (2013) s 115
NY, USA (2013) I 21
Japan (2013) WM 16

0 50 100 150 200 250 300
SAIDI [minute/year]

71 Copyright © Chubu Electric Power Co,, Inc. All rights reserved.
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TSS Introduction Steps from the First

t
TSS can be upgraded step%

the Future

y step, according to progression of other

infrastructures of communication line, smart meter system, etc.

Available .
Data transfer Remote supervisory and control

Time
1 sequential
sectionalizer

No need
(Work by
themselves)

Will be possible by upgrading

To be verified
in the pilot
project

Remote Utilization of . . No restriction
. . Possible by manual operation .
2 supervisory existing N/W by existing
remotely from control center .
and control (Low speed) infrastructure
Possible by automatic operation
Need of v P .
. . from control system Link to other
Automatic progression .
. . Furthermore, possible to systems such
3 supervisory (High speed .
enhancement of power quality as  as smart meter
and control and Large L L
. well as supply reliability by linking  system
capacity)
to other systems
Copyright © Chubu tlectric Power Co., Inc. All
rights reserved. 72
History of distribution automation system introduction in Japan
Phase I Phase I

Image

O Automatic switch

T T Relay

= Automatic switch
It
T d T Slave
1

station
1 Communication line

Time Sequential
Sectionalizer

Communication
function

Overview

No introduction of distribution automation
system

-Operating all switches and SVRs on site
-When an accident occurs on a distribution
line, the time-sequential forwarding method
is used to disconnect the accident section

Started installation of communication
infrastructure and distribution
automation system

-Remote monitoring and control of
automatic switches from business sites
-In the event of a distribution line
accident, the distribution automation will
automatically send back from the master
station.

33



5. Time Sequential Sectionalizer

[Selection Criteria]

-Can be sent in reverse in conjunction with other feeders

-With essential load —
-Selection at both 11 and 33 kV -L J

Automatic switch

Relay
[Request]

In order to develop relays to match existing CEB switchgear, we would like to know the
specifications of the switch that can recognize the input/output signal information.

Substation

- 001671 011251 024704

Copyright © Chubu Electric Power Co., Inc. All rights reserved.

Whole Configuration of Time
quentlal Sectionalizer

téction rela Automatic section switch
Distribution *Protect distribution line *Switch to sectionalize distribution line
Substation
against OC, DG, etc.
Area 1

line
N
e
N
N

' Master station for TSS

~ 1 Slave station for TSS

! : *Turn on/off S.S. by local control from slave
| station itself

1 Through communication network

: *Turn on/off S.S. by remote control from

I master station through slave station

|' Detect and recover a fault outage
1*Supervise and control of

: distribution grid and equipment
e Link to other systems

rights reserved. 76
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Step 1
©lImprovement of power supply reliability

by operation of equipment itself without
communication network

Copyright © Chubu Electric Power Co., Inc. All
rights reserved.

Step 1: Improvement of power supply reliability by TSS

77

“Auto! nff

- : Energized —=Outage
Distribution //___A:Jto off (open) //, """"""""" Buto off (open)
substation {
4 \ N et .
) i | Timed on in Ny
19 sec Area3 Auto'off (open)
”:Mito off Aut d‘}:"‘:wﬂfﬁ'ﬁ(open)
1 l’ ”
| 2, e
i Timed on ,/ =r """
\ in18sec / Area4 imed on
\‘ / In 9 sec
Time Sequential
Section qliz . Automatlcally Areas
ectionatize Iocked-iofi}-—”

< Auto N

TSS can detect and isolate a fault outage section and can supply power to
some other sections automatically without communication network

Copyright © Chubu Electric Power Co, Inc. All rigi rese
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From Step 1 to Step 2

Step 1
©lImprovement of power supply reliability

by operation of equipment itself without
communication network

Step 2
©Further improvement of ordinary operation

by supervisory and remote control of section switches
with existing communication networks

Copyright © Chubu Electric Power Co., Inc. All
rights reserved. 79

Step 2: Further Improvement by TSS Upgrade

TSS of stepl will be used continuously and can be upgraded by utilizing

communication network. _,_‘/

Distribution S/S

CB Recloser
.ﬁ —oo
On/off

state of
Control Center

Automatic
section switch

Slave station (TSS)

i

recloser

GW rooter

|

) . Control section switch remotely Efficient operation
Ordinary . L .
I —— Monitor present status of distribution such as remote grid

AL LY P grid and equipment change-over, etc.

= Emergenc Be informed of outage section Early exact outage
Master station (TSS) gency automatically information, etc.

CUPYHBIL & LIIUDU EIELU 1L FUWET LU, e Al

rights reserved. 80
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From Step 2 to Step 3
Step 2
©Further Improvement of ordinary operation

by supervisory and remote control of section switches with
existing communication network

Step 3
©Sophistication of power supply reliability

©Sophistication of power quality in preparation for VRE

by linkage to other systems

with conditions of high-speed and large-capacity data transfer
infrastructure

Copyright © Chubu Electric Power Co., Inc. All

rights reserved. 81

Step3: Power Quality Problems by Mass VRE Interconnection

Voltage fluctuations and rises are getting more pronounced by mass introduction of VRE.
Electricity usage is getting more diversified by attracting microgrids, demand response, etc.

There is concern that voltage management in distribution systems will be getting more and more
complicated in the future.

Therefore, to ensure and keep power quality as well as power supply reliability will be strongly
requested in the future.

Storage battery Fadory
[y SVStem ﬁ Building

3 soakN \\ /

— Ul 27skv ’i) \:é m "
- e G D e ST Voltage
P ~~~
Sophisticated TSS - Rl
N Power network Information networkw({k) ‘
-~
gg T ——— ﬁ \_k\ Fluctuation

-f‘\-

| :Q icro grid Bﬂﬁ }[ ﬁ\ *vi\\ & R
g ME'Vi/‘-fxﬂ‘z é ) LI I
e

7 FEMS

Hv\p > Ty @ Mega solar PV Wind power

.

Rooftop solar PV
P l«.\_}ensor (automatic switchgear, etc.) 8
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Step 3: Future Image of Sophisticated TSS

-{ Voltage supervisory and regulation |»-ﬁ ----------- { Current estimation } ------------------- .---—| System sophistication } --------------------

-System upgrade preparing for disaster, etc.
-Security enhancement
Risk aversion in case of disaster,
cyberattack, etc.

Supervise grid and equipment conditions by § Estimate actual load current and switchover grids,
monitored data, and control voltage i | based on measured data such as solar radiation,
i . . 1 H . -
| automatically by voltage regulation facility i 1 VRE output, smart meter information.
' H
| |
| H

&3 Possible to regulate proper voltage Possible to judge best grid formation

Sophisticated TSS

Supervise grid conditions \ Sufficient communication line (optical fiber, etc.) for automation
+On/off status of switchgear
*V, | of zero-phase,etc. (NI Wla = BTl = __ZRB--__7
*Voltage, current, P.F.

Control on/off state

Control voltage

*tap changer, setting value

e

Section Switch :" Remote/Auto

TSS Master station

voltage controllable Fault wave™~~_

Other

systems Battery system, (o ) i::gslf;rt?;nv:{ife
solarpv ~ Solar
radiation
:-l Fault dealing and recovery L Smart Meter System
1| Detect fault by « Estimate fault point and cause Removal of fault @g@é R
1| protection relay + Control section switches automatically cause and v "‘E'ﬁ
! recovery 0 <
! Even in case of wire breaking which might not be detected by protection relay even without OcFurrence ?f remote
1| at substation, estimate the outage area by utilizing data measured by S.S. identification of disconnection area
: sensor and/or information of smart meter network conditions. fault point and (« (e @@
! - — causeon-site » M
I:Q Keep high supply reliability by early recovery of any faults

wry - - Gateway Smart meter

rights reserved. 83

ntroduction Status of SCADA for Distribution Networks

s LECO
ivision/ cC NWP | NCP | NP CP WPN EP WPS2 Sub Uva WPST P LECO
Province uiG | | Kan (others) areas
SCADA Spectrum | micro-SCADA ifix No Genisisbd. SCADAIsnot | ifix micro-SCADA | ifix Included in the
Power4.5 |- made by NortRoll by GE [SCADA |- by ICONICS available ~by GE ~by NortRoll | -by GE upcoming donor
-Siemens |- Firstly installed in 2009 Devices Auto-recloser, funded project
- installed in Operated LBS and Fl are
2012 through communicated via
- Only 5 CCs proprietar its own proprietary
y software
software
Versatility High Low High | Moderate | GPRS/3G Link to | Low High Low
-Linkto - Longtalk Protocol (low |- Link to | -3G Link | Auto re closures - Link to Recloser, |- Link only to
Recloser, | versatility) Recloser |to Auto LBS, Primary etc. | Enstro's switch
Fault | - Link to Enstro's SS only [, Fault 1 | reclosers Planned to connect | - No linkage
indicator, |- No linkage among control | indicator | and Load NSCC among CCs
etc centers(CCs) et Break
Switches
Supervisorylco
ntrol of SS,
Gantry, FI,
upstream grid
outage
Extensity High | High High High
-Link to. [ -Link to -Link to several -Link to
several | several protocol several
protocol | protocol protocol
Recloser/ “Several | Enstro (France) Several |- Several Several venders |- Several venders Several Piloted successfully
Section vendors - Automatic switch venders | venders - Open platform - Open platform venders and in the process of
Switch(Ss) |- Open - Connected to SCADA -Open  |-Open - Open implementation for
platform Others’ platform | platform platform all the remotely
- No connection to SCADA operable ARs
Telecommunic 3G Cellar?
ation Inferior in realtime
reliability
Smart meter Wireless multi-hop GPRS,
(verification Wireless multi-hop
stage) (zigbee)
Developing | 100% 100% [100% |100% |Legacy |Developi |80% Designing 100% 100% Designing | Designing | Under consideration | Under Development
status for CCs Devices |ng
are not
connecte
d

Copyright © Chubu Electric Power Co,, Inc. All rights reserved.
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6. Time Sequential Sectionalizer

8.1, Guestral Dawiy Pestums / Regutrements of AR sod LBS:SF,
A CEB specification 078 2019 CEB specification 078 2019
Teshivbodd Perarvatsr | An wesE | Raqurene An | \BSSF
e a4 Wim = s = | " :w ::.;';wz‘m m::q':-u-
1t | Frsgesray *w | & [w | &t chutiens o o0k phase | chuding Openating Mechanisrs
. e | ity qrrmry | herradonty tand
.| Cortruoyy Guament fadeg A e | aomn |0 - rachankem, farrestouly
5| B—— — T | et Wek | Sl b Vi Fuitevmana
(0 Wrmaking conmes: S Mojusl o w o4 T St Tt | CT 5l T s e i | ot e
(G Wy Savmnt Pak M [ns) @ [y W Mwraer AR oot 3nd eoibie | phese o v
— et eerl WA | mosswroments et & gt
io] B Taw Quavent (| Beaa) Mojtas] owm nsfw sensdve At At ol | eth et
oot R dredaral aheves.
® ! - 08 |Vigs  Treewtorrer | VING terdr ool Br | ViFveege sarace onds b ok
’ Ewnscr ot gtown on both slom 10 | phase on Dot hdes s ssure
1158010 Ky ek il el e 25 Mressiuen voluge s sewiie | Voige S0 S3bR Semtrel
wer ey | o ooy VoRege  and | vulegw atd 1 B erergtten
e et irin) okl Lol oY [ | sl prodacioe schees | of st saee
00 | Wslhor casepegn i oo e (200 |80 (e end 15 0 wwrgtayion ol ol
Smaller specifications cannot be accepted soon. AR oar voRuge 1) watiy o
100% up % 160%, In sizgs of
1%, abovn e somiial ramon
wiige. Tha wsder volage
g ©rge of 5% b WO%,
B owage of 1%, baki fe
toerkd syviees yoios ihall
o prinidse
™ Prolsion Scherws =

No need of functions of current/voltage measurement

85 Copyright © Chubu Electric Power Co., Inc. All rights reserved.

Progress of SCADA Communication
Infrastruct

re
Introduction progress in the communication |rl1't]rastructure for SCADAs

GSS PSS AR, LBS
Possibility 0% now P ”
. of fiber (To be introduced , o
40% in future in future) e 80%
fm—— e ———— L7
100% ) T/F 2ndary 1 Wireless of3,4G |7
All info. S S,
info. only 7
»
National Control Distribution
Center Control Center

Applied international protocol: DNP3, IEC101, IEC104, Modbus

Copyright © Chubu Electric Power Co, Inc. All igf reserved.
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Procurement Schedule for Each Equipment

TSS and Section Location of Seetawaka GSS F1

Goagle Earth

6. Time Sequential Sectionalizer

WPSII, Avissawella, Seethawaka GSS, 33kV FO1
Length of Seetawaka feeder 1 = 46.83km

|

——-—

secsionl

. i

Copyright © Chubu Electric Power Co, Inc. AlR{ghs reserved.

L

)

J

Single line diagrams
and layouts of

the feeder tying to
Seethawaka F1

|| _0C_|OCEF
s1

S2
S3
sS4
S5

pa——

iy

-t

amsify

[’

S6 - TN
pa—i 3=
‘f" 4;: - secsion5 | 1
Y | e 2
\ [ 3
| adi— :
el 'l‘l"fﬂ?::'—"" :

89

secsion2

o
gy

A
R
v ¥, |

‘

P [ o ]

Lg

Single line diagrams
and layouts of

the feeder'tying to
Seethawaka F1

T/F capacit Total capacit:

63 kVA 1,154+a kVA
405 kVA 1,091+a kVA
415 kVA 415 kVA
195 kVA 271+a kVA

76+a kVA 76+a kVA

1,154+a kVA 1,154+0 kVA

Peak demand (kVA, A) of the feeder in a year?

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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6. Time Sequential Sectionalizer

WPSII, Avissawella, Seethawaka GSS, 33kV FO01

All the conductor of Seetawaka F1 is Racoon ] 1 LI
ACSR of 46.83 km long. / - “‘;:icnl }
Isolator \| o LA — Isolator
- secsion3 " - Ag‘; e 0 — S
Max. 70 A Lttty - o, ?':,,5: 'r:ecsionl [ > 5
Layout on map of b _u] “ 'T':, ___::Il”":i'"&:_ ABS Max 105 A
Kosgawa F4 | e QT ey 1 4; [T
s / Layout on map of
Seethawaka F2
[

capacity of Seethawaka F1?

/...Jj = BE section | T/F capacity (Total)
"o e 1 63(1,319)kVA  1(23)A
B )
( : S 2 405 (1,256)kVA 7 (22) A
| 3 415 (415)kVA 7 (7)A
4 195 (436) kVA 3 (8)A
5 76 (241)KVA  1(4)A
6 165 (165)kVA 3 (3)A
1,319 kVA
90 Copyright © Chubu Electric Power Co., Inc. All rights reserved.

Confirmation of CB reclosing conditions

How counted? 1890 kVA as the total T/F

CB reclose setting:
. 1timein 1 secin EF?

WPSIL, Avissawella, Seethawaka GSS, 33kV FO1 = |

L= AU et
[ 7 A& . ® Tss1
‘ =T i \
: ‘ -1 = secsionl e
| > solato
Isolator fan B = b

Open lock in case of re-
trip?
No reclose in case of ? A

% ey : w i) e or 0C?
Max. 70 A , secsion3 | 1. ABS-Isolator 1) oes ’ Please send the detail
. e 1 =»s a0 reclosing conditions!
® — =l d d Secs'fm‘ M Is it acceptable to set 2
s | 1 "3 -® times in every 60 secin
A EF?
Still Air D.C. Length of
ACSR Size Current  Resistance at foactay Seethaw - AEET
\fv(]dz Rating 20C aka F1
or
|
in.  mm A Ohm/km  Ohm/km  km secsiond ) et Max.105 A
7/4.0 | *
Racoon 7/.1619 200 0.3633 35.69 .
Lynx 2.47 “Q" ‘I“"‘
7| sy

T v T/F capacity (Total)
Fault number — 1 63 (1,319) kVA 1(23)A
OC&EF | s 2 405 (1,256) kVA 7(22) A
s s om - : asiasa 70)A

secsioné
XX 4 195 (436) kVA 3(8)A
¢ 5 76 (241) kVA 1(4)A
6 165 (165) kVA  3(3)A
Total 1,319 kVA 23 A

91

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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6. Time Sequential Sectionalizer

2022/12/23

1D No. SectawakaGSS F1 | 46AVI004 46AVA-003 46AVD-012 46AVD-044 46AVR-002 46AVA-005 46AVIOLL 46HND-020 Others, Remarks
&S coordinates (Latiude, Longhude) B [ e , |6.038132827514306, | 6.930081347694984, [6.954887534366224.| 6942901692193, Jone LBS sample dat
80 80.19421751736412 | 80.18716261506891 £ 80 atany place

GPS coordinates (Latitude) 6.96821 6.96523479562891 | 6 6.93814950841156 | 6.93003173408916 | 6.67069317687901 | 6. 3 3 4

‘GPS coordinates (Longitude) 8021030 0 0194214287040 | 80. 1474 0

Present No. of (8) Tss1 Tss2 = TsS4 ) TSs2 TSS6

Proposed No. of the orden) s1 52 s3 sa s5 s6 Reverse (52) Reverse (53) - -

Name of exsting facilty c8 solator ABS DDLO DDLO AR ABS solator DDLO L8s
existing facilty (by other files) - (by other files) - - (Received) - - - (Receiveq)

Manufacturers of exsting facilty BHSYSTEM Co.td|  (Received) (Received)

Type and Model number of existing facilty

With or without CT andior VT CTandvr No No No No CTandvT No No No CT and VT

Photos (whole pole having switching faciity) (Unhasty) (Unhasty) (Unhasty) (Unhasty) (Unhasty) (Unhasty) (Unhasty) (Unhasty) (Unhasty)

Photos (only switching faciliy rom different sides) (Unhasty) (Unhasty) (Unhasty) (Unhasty) (Unhasty) (Unhasty) (Unhasty) (Unhasty) (Unhasty)

Rated curent of existing facilty (A) 200 - 400 - - 400 400 B

M Ioad current (peak demand) al 11:30 daytme (A) b 10 7 [Total 1/F capacity.

Max_load current (peak demand) at 19:30 night (A) 2 5 7

Total T/Fs capacity i all the downstream sections (A) 2 22 1 4 2 k|

Total T/Fs capacity in the first downsream section (kvA) & o a 19 161]

Total T/Fs capacity in al the downstream sections (<VA) 131 1.25 a1 43 24 16:

Name of the nex! feeder which can suppl ///// Seethawaka F2 Kosgawa F4 Kosgawa FL

Available supply capacity from the next feeders (kVA)

95 (200-1052)

130 (200707

Total T/Fs capacily in the first reverse section (kVA)

40: a1

Total T/Fs capacity in all the reverse sections (kVA)

OC protection relay setting

16004 100ms delay

A~ 4 cycles

ditlo

200A-120TMS,

EF protection relay setting 320 A - 100 ms del

lay|

A - cycles

dito 40A-100TMS.

Circuit breaking (Opening) current and time (Condition 1) -

Ciruit breaking (Opening) current and time (Condition 2) a-

Reclosing number - times

Reclosing setling A+ seconds

No reclosing conditions Over A Irany.

Reclosing (dead) time (second)

from 0.5 t0 120

[actual setting value

Lock-outin case of fault detection again

2

Link to SCADA

[To be linked by 202+2|

[common between
fransmission and
fdistribution lines?

Link to communication network Already linked?

By *** by 2022

[By opical fiber,
lpublic or dedicated
jreless NW or?

93
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Confirmation regarding TSS

Which is better to detect a fault section as soon as possible,
to go to a GSS to see the displayed outage section number,
or to call some customers in each section on the phone?

Substation

CcB

Power source side

F1

1

1
Contact 1
output data :
(time of CB
on/off) is
necessary.

SS indicator Necessary?

_____________ =-

Indicates the number of the
outage section,

by counting times from on
to off of the CB switching

Automatic section -

switch (SS)

33/0.23kV transformer of

10 kVA or more to supply

power to control unit
Specifications (kVA)?
Installation standards
like next slide?

Control unit
for SS control

: 4

Installation standards?

Load side
X

_ Withstand
410kg?

Both sides

Powersouree
side-eniy
-~ Cable for SS control
—1

x. Cable to supply power
to slave station

Copyright © Chubu Electric Power Co.,Inc. Alights reserved.
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How to Mount TSS with Cross Arm

[T

.
-
Lo R et
I 1 =ifirn
é o e
bl | =
b -“
1 -
" i
. F
=

33/0.23 kV Transformer for TSS Control Unit

Specifications of the transformer(T/F)
33/0.23 kV
Single phase
Manufacturer name?
Type and specifications?

/]

Control

Image of mounted Sectionalizer

Automatic section
switch

Weight: 410kg

33/0.23kV T/F for
power source
(capacity: 10kVA or
more)

Control terminal for
Section switch
(slave station)

Copyright © Chubu Electric Power Co,,Inc. Afights reserved.

2022/12/23

unit

< — Automatic section switch for TSS

< 33/0.23 kV T/F for control unit

AR@46AVR-002

<—— Control unit for relay

i

?

w
smx
Standard

s grounding
method?

98
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Isolator @46AVI-011 for TSS 6

Isolator @46AVI-004 for TSS 1

N

44
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DDLO @46AVD-044 for TSS 5

DDLO @46AVD-020 for Reversely to AR
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ABS @46AVA-003 for TSS 3

B XS

: L}
s
|

ABS @46AVA-005 for TSS 2
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AR @46AVR-002 at DD Boundary
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Power outage cause and
countermasures

Copyright ® Chubu Electric Power Co.,

Inc. All rights reserved

’LHU#

Countermeasures by fault classification (1/2) .
Large category Causesma" category Content Countermeasures

Incomplete production

Due to defects in the design, manufacturing,
materials, etc. of electric works

revise the specification of materials, procure the
design and planning models/softwares .Further,

d facility of GIS programme.
. Due to workmanship defects in construction and strength the training for woking gangs and
Incomplete construction repair work proper supervision
Due to imcomplete maintenance such as patrol, correct supervision and evalation of the work
inspection, and repair done as a closed loop.
. Increase the number of turns for clearing way
Incomplete maintenance Due to the contact of trees within the range that the |leave depending of the severity of breakdowns.
electric facility administrator should cut down IA case by case analysis couple with outage
data. Correct supervision
Inadequate Due to the deterioration of the material and

maintenance

Natural deterioration

mechanism of the electrical facility, even though
there were no particular defects in production,
construction, and maintenance.

Identify such facilities in advanced and
introduce stringent maintenance programme.

optimise the devices based on planning
limitations.( Ex: load the conductors less than

Overload Due to overcurrent exceeding the rated capacity 70% of the thermal rating. Transformers
between 60-70%)
adjust the way leave clearing programmes
Wind and rain Due to rain, wind or storm including contact with tree according to the rainy seasons. Set up disaster
fragment by wind imanagement plans ready to curtail the failure
duration.
Ice and snow Due to snow, ice, hail, hail, sleet or storm snow N/A
. . Due to direct lightning strike Installation of surge arrestors properly.
Natural Lightning Due to induced lightning placement of reclosers and coordinate properly.
phenomenon Earthquake Due to the earthquake N/A
Flood damage Due to flood, storm surge, tsunami, etc. keep di 1t plan ready

and

Due to | etc.

1es,

avoid such areas as much as possible after
being identified by relevant departments.

Salt, dust and gas

Due to salt, dust, fog, malignant gas, soot, etc.

\wash the line insulators periodically. Use the
polymer type insulators for lines prone to salt
deposits.

Copyright © Chubu Electric Power Co., Inc. Al rights reserved.
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. . ». et .
Countermeasures by fault classification (2/2) NibRaN KE!
Cause Content Countermeasures
Large category Small category
Worker's fault Due to the negligence of the worker Train the workers: on safety measures and on
igood workmanship.
Public Due to the intention or negligence of the public (meaning |\work with law enforcement agencies to punish
intention/negligence |P'SONS other than workers) such as stone throwing, wire [such persons. Use of placards giving warnings in
glig theft, and suicide identified areas.
neglige \When the public fells trees that are close to electric
nce Felling without facilities, they fell without permission and ing the the law agaist such behaviours and
permission facility's ad strator, which impaired the function of impose penalty charge
electric facilities.
Fire Due to fires in houses close to electric facilities, forest fires,|ed s and coordi with relevant
and other types of burning fire departments.
Contact with trees 3::;0 contact or approach by the inclination or collapse of remove them with the contact of relevant parties.
: Contact with birds and : . . : coordinate the reclosers properly with other
Contact_thh beasts Due to contact with cats, mice, snakes or birds, nesting, etc'breaker in the uptream switching devices
other objects
Other Due to contact with a kite, radiosonde, advertising balloon, |coordinate the reclosers properly with other
model airplane, hot air balloon, etc. breaker in the uptream switching devices
N . Due to corrosion by leakage current from DC type electric
Corrosion Electrical corrosion railway N/A
Chemical corrosion  |Due to corrosion by ct | action periodic maintenance.
Vibration Vibration Due to vibration of heavy vehicles, found. work, etc. avmqlsluch works from public places as much as
Due to the spread of accidents of other electric facilities of " .
Other - Own comoany lthe own co y follow proper planning procedures
spread other compan: Due to the spread of accidents of electric facilities other cordinate with such companies and come to an
pany than our own company agreement
Poor fuel Poor fuel Due to the use of fuel with a composition significantly
different from the design fuel
Other Other Items not classified in any of the "Causes" N/A
Unkown Unkown [The cause is not clear even after investigation.
3 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
..-'r'r-.“.'::fr-.....
AN MREY
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Classification of measures to improve supply reliability in our company

Countermeasures

Power failure
countermeasures

Measures for
early power
recovery
[related to
SAIDI]

Automation of power restoration to sections without
failure

Automatic fault section detection system
with time sequential sectionalizer

Narrow down the patrol area

Overcurrent indicator

Fault section locator

Ground fault detector

Manual switch (instantaneous closing
operation) etc.

Failure
reduction
measures
[related to
SAIFI]

Induced lightning
(several tens of kV to several hundred kV)

Insulation coordination by insulators,
Lightning horn,
Lightning cutout

Direct lightning strike
(several hundred kV to several thousand kV or more)

Lightning arrestor,
Overhead ground wire

Contact with other objects such as birds, snakes, and
trees

Enclosed cutout
Bird/snake protection cover
Transformer bushing cover

Negligence

(vehicle collision, construction crane contact, etc.)
Propagation of other accidents

(failure of high-voltage receiving facilities, etc.)

Branch line breaker, etc.

Insufficient facilities
Inadequate maintenance

Inspection synchronized with
construction

In order to improve the supply reliability, there is also a reduction in construction blackouts.

5

WG3:Power Failure Countermeasures

Copyright © Chubu Electric Power Co., Inc. Al rights reserved.

Countermeasures for power failure reduction and early restoration

Failure cause Trend Approach SAIFI measures SAIDI measures
Toueh (T L Trends of area and Patrol, Ehacl? Enc(ljosed cutout, g\utom_atlcfault
ouch (Tree, bird, etc.) season, Areal rise approach, Low | conductor cover, | detection system
cost etc. with time sequential
Customer ripple affection, | Local rise, Low Awareness = o orer of Py sectionalizer
Error (car crash, etc.) trend rise, Protection, customer .5 —t .::.'-.-'.
’ Patrol =—ro] TR
Measures Inspection fomat]] T |

Facility defect,

Trends by each type

based on spec.

with other on-site

i of facilit I
Maintenance defect Y and areal trend | work Fault mdlcator
Induction strike Trends of area and | Wwide area, Insulator
(dozens kV - hundreds | season. Rise in wide | Possible coordination,
kV) area measures arching horn, etc. \
Direct strike (hundreds | Trends of area and | Huge cost

o ' . . Ground fault
kV - thousands kV or season. Low Difficult Lightning rod detector
more) frequency measures
Natulrzpheno_rllﬁenonh Low frequency, Rise \A\llde area, Higher
(eXt;:hu |n|§(] Sttrl e, typ oon, in wide area, Trends Dl;fge (I:tOSt, specification Qv'er current
earthquake, tsunami, of area and season |-y design indicator,
heavy rain, etc.) measures

Manual switch, etc.

6

Copyright ® Chubu Electric Power Co., Inc. All rights reserved
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d1 Outline of CEPCO'’s Distribution Grid Operation :mm;p:a

B Current Distribution Management System (DMS) aids work efficiency and swift power
supply switching, by controlling Remote Section Switchs, for construction/maintenance
works and isolating faults during breakdowns.

B Especially, our FLISR has been contributing to keep safety and reliability of our electricity

networks.
B SAIFI is almost less than 0.1times and SAIDI is almost less than 5minutes except for
disaster.
Distribution Network Operation Center Our current DMS has functions below
________ 5 = *Data collecting & control device
P Esbratont | e
1 elecommunication ©__

P *Network topology management

%:‘ «Fault Location, Isolation, Service Restoration
¥ «Switch order management

*Voltage management etc

y = - o Monitoring & Control
) == S~
A E N
II I
OLTIC

Pi __%.___1 ______ % _______ % _________ -
2 Remote Section Switch \\ Remote Section Switch\ Remote Section Switch
Distribution \

Residential Commercial
’..a & =
: .’fa. #

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.

Substation
Pole Transformer

Insulation resistance measurement (megger measurement) Fose
. [ ] e
against ground fault -

The power failure section is divided into two, and the worker
climbs up to measure the insulation resistance value of the high-
voltage distribution equipment using an insulation resistance
measuring instrument.

The cause is specified by the measured value "0 MQ".

Measurement work on the pole Insulation resistance measuring instrument

2022/12/23
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| Ground fault detector Mo e

DC voltage (5 to 15 kV) is applied to the high voltage line in the power failure
section by the fault detector, and the ground fault current is received.
The cause of the failure is identified by the light emission and buzzer sound of the

receiver.

Section

Transmit current (. ’m‘ w |- | Withoutfailure “
~a IS > < >
+ "‘X 1 +
Electricity cable | light No light
emission | || emission
Apply DC voltage ! ‘
] . Transmitter '! Main — 1 CT receiver on the load side from the failure point
3 earth Buzzsr | | does not emit light and buzzer sound
wire soun { .

-O-—0 - v

d
Main earth resistance R1 l Failure point (earth resistance Rg) l

R d

Over Current Indicator (OCI) and patrol areas Py

To efficiently make patrols

e~ The patrol can
be omitted in

these areas.

, The patrol should be performed in these areas.
g Over current indicator legend
! (@ Color change (A, B, C)

* Passage of short-circuit © White (D, E)
current @ No need of checking (F)

Figure 9: Over Current Indicator(OCI) and patrol
areas

Indication changes of OC
(by electricity)
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Calculation of effect of reducing power outage time Moo e

—_— 0 L LU -
A model of shortening power outage time by introducing Ground fault detector
*The breakdown of power failure time is tentative
If the breakdown is not currently recorded, the shortened time is calculated assuming the
time for each process.

H Before [Unit: min]
Outage (breakdown)

duration - - - —
Going to the site Fault investigation Power recovery Cause

outside the faulty identification/Power
section recovery for all sections
120 20 60 10 30
-30min (-25% N
m After @ ( ) [Unit: min]

Outage (breakdown)
duration

Going to the site Fault investigation Power recovery Cause
outside the faulty identification/Power
section recovery for all sections
90 20 30 10 30

From this result, it is possible to predict how much power outage time can be reduced in the
1;selected feeder. This leads to the setting of target values for PDM.

Copyright ® Chubu Electric Power Co., Inc. All rights reserved

Calculation of saved outage w!

A model of saved outage [kWh] by introducing time sequential sectionalizer.

Outage Estimat_ed values of load side of Switchgear, Esti_mtated total values of the feeder, Power_source side of
Detectio |Recovery just before a fault occurs (A+B) just before a fault occurs (B) Switchgear (A)
Date Day iy o dl{raton
time R | Y | B |Average Outage R Y | B |Average Total Saved outage
[AL| [A]] [A] [A] [kw] | [kwh] | [A] | [A] | [A] [A] [kw] | [kwh] ) [A] | [kW] | [kwh] |
8/15/2018 | Wed 5:15 5:35 0:20 52| 54| 56 54 926 306/ 130| 135 140 135| 2,315| 764 81| 1,389 458]
8/19/2018 | Sun 11:30 11:55 0:25 48| 50| 54 51 875 368| 120 126| 134 127 2,178 915} 76| 1,303 547
: : : 0| 0| 0| 0| 0| 0
0| 0| 0| 0| 0| 0
0| 0| 0| 0| 0| 0

From this result, it is possible to predict how much power outage [kWh] can be reduced in
the selected feeder.

12 Copyright ® Chubu Electric Power Co., Inc. All rights reserved
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| Fault Locating System (FLS) (1/2) A

1. Overview of FLS

- Locates and indicates faults on transmission and distribution lines;

- Consists of fault detectors installed at substations and Host PC placed at a regional
maintenance & service office;

- Capable of detecting faults occurred on the line that has a detector at either end.

A fault occurred botween two FLS equipment ean be Jocnted Hast PC
At officn
Rt tis
- v |

—_———— .

SIS

2. Advantage

FLS reduces losses from outages and the overall cost of line maintenance.
-Accurate Locating

-Efficient Fault Locating Work = Fast Service Restoration & Personnel Cost Saving
-Detection of Various Fault Types

2 Copyright © Chubu Electric Power Co., Inc. Al rights reserved.

’LHU#...
| Fault Locating System (FLS) (2/2) Amnce e

3. Detection principle
When a failure occurs in the area sandwiched by two or more devices, the progress
waveform is detected with accurate time synchronization and the position is located.

Dustacwcw La lhod Dstacer 15 [l

q;._* L: Distance between the FLS device
b ! e = A4 (between A and B) (L=La+Lb) [m]
”"_-_ ; .'_'" V: Propagation speed of surge signal [m/s]
3 Ta: Time when the surge of the locator A is detected
RS o '“"l e chas Tb: Time when the surge of the locator B is detected
Iu=;|l-('fn~77)‘)xl') [m]

Current/voltage sensor
*Placed in each phase

GPS satellite

High precision time

N

4. Configuration example

synchronization R

e
mmunication device
v—i.vi_il_.l )

Communicatief device

3 Battel ry box Copyright © Chubu Electric Power Co., Inc. All rights reserved.

Power connection
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Conductor Cover for Way Leaves
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__._-—

item

Performance

Commercial frequency withstand voltage

Drying: 15kV x 1 minute,
Watering: 10kV x 1 minute

Abrasion resistance

Outer layer 1000 times,
Inner layer 500 times

Flame retardant performance

V-0 class

Reference URL: https://www.fujikura.co.jp/products/infrastructure/otherproduct/01/2044039_11376.html

il

4. Enclosed Cutout Fuse

[Overview]

Copyright © Chubu Electric Power Co., Inc. All rights reserved

The cutout is installed on the primary side of the transformer in order to separate the
distribution transformer from the distribution line. The enclosed cutout is constructed with
the fuse holder concealed by insulators. This can prevent equipment failure due to contact

with flying debris and salt damage.

[Request]

Rating

+ Rated Vokage
Rated Cusrent
Rated Fraquency
- Fuse Liok Asperage
Ambsant Termgerature
- Allnudo
~Opsration Cycle (at no load)
-Increane Termperature
-Rated Interrupting Cutrent
Load Break
Power-frequency Withstand \Veliage

Bl {Basx imputse Level)
“oterrupting Capacty {Sym Curment)

LCrnepage Dwstince
Weight

2av

S0A

50/ 60Hz

BA - S0A {man)

20°C - +40°C

< ¥000m

> 500 erws

60°C

12.5%A, Jtmes

G0A/ 15 times. B5A / § Smes
AAY 25 aart i betwoss pos)
AHAY jaomes montrg Sutnes)
TERY 00 90 and between pote}
DEAY (Actes mutsteg Setnoe |
1254

2000 (2Sene KV 11 2)
A%

To connect the cutout to the equipment, please send us construction drawings and photos

of the transformer primary.
16
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Classification of measures to improve supply reliability in our company

Activities for improving SAIFI

Copyright ® Chubu Electric Power Co., Inc. All rights reserved

Countermeasures

Power failure
countermeasures

Measures for

Automation of power restoration to sections without

Automatic fault section detection system

early power failure with time sequential sectionalizer
recovery .
Narrow down the patrol area Overcurrent indicator
[related to
SAIDI] Fault section locator
Earth fault detector
Manual switch (instantaneous closing
operation) etc.
Failure Induced lightning Insulation coordination by insulators,
reduction (several tens of kV to several hundred kV) Lightning horn,
measures Lightning cutout
[related to h - - N - -
SAIFI] Direct lightning strike Lightning arrestor,

(several hundred kV to several thousand kV or more)

Overhead ground wire

Contact with other objects such as birds, snakes, and
trees

Enclosed cutout
Bird/snake protection cover
Transformer bushing cover

Negligence

(vehicle collision, construction crane contact, etc.)
Propagation of other accidents

(failure of high-voltage receiving facilities, etc.)

Branch line breaker, etc.

Insufficient facilities
Inadequate maintenance

Inspection synchronized with

construction

In order to improve the supply reliability, there is also a reduction in construction blackouts.

18
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Lightning horn -
Prevention a lighting-cause Shutting off the continuous
conductor burndown current flowing

Current limiting
arcing horn

C

Z 1

2
‘ﬁ

Structure of the current limiting

Electric
wire

[Current| .
- limiting
element ]
Ring horn
Lightning Protection Primary Cutout Switch T ot e

Prevention against faults in transformers

Composition of a discharge gap and a current limiting element (ZnO)

Structural diagram of Lightning Protection PC Switch

Fitting

¥ I Fuse tube

Earthing
termianl
Sealed section

Current limiting element u [

Gap section

10
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Lightning arrester - e

Lightning
arrester

— Discharging gap

— Current limiting
element

. . p"-‘..”.l"ﬁr-...,..
Shield wire Nwoon o
High voltage pin insulator Protection for high voltage wires

Shield wire \\

Control of the
(6.6kV) ~spicedpoemeta lightning induced
High vpltage wire Ll fittings for ground

% wire effect

2022/12/23
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Abrasion Resistance Cover for Wire o s

Abrasion indicating layer
(Yellow colored)

As abrasion has been progressed,
the “Abrasion indicating layer”
appears. This situation shows that
this cover should be replaced.

Abrasion layer
(Black colored)

Cover for wire at construction site w'

We certainly appeal to worker for
risk of shock on site

[ Keep the public safe

12
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Wire Connecter ol

AN MHEY

PJ (Parallel Joint) connector no work failure, long
lifetime, no overheat
and less loss

Torque cap for appropriate torque

Introduction of PJ connector also
leads to reduce non-technical loss.

Failure analysis method

26 Copyright © Chubu Electric Power Co., Inc. All rights reserve d
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Power outage status by failure cause/damaged facility Immm";,

cause | Inadequate equipment | Inadequate maintenance Natural phenomenon Intentional/negligence C“"’a‘o‘m“e’:'s‘ = Omz;f‘:;"e'"
(Contact|
Public Junkn percentage(
e e Inc Natwral [ Wind | carthauak| Flooa |encslides| Salt, (Contact| with 1ne | Other | fire | Other [ total oy
D G and | "o o Thunder (2R P and | dust, [ el loosing| with | it | Other | P lcompen)
e n e on rain "% lavalanches| gas e trees | and y
Damaged facili & beasts
Steel
tower
concrete.
Electric pole 1 2 4 1 28 1 El 37
POefteel pole 19 1 4 9 2 12
wooden
pole
cross am 2 4 q 1
insulator 2 1 1 1 1 07
Electrical wire q 3 34 a4t & 1 1 1 1 14¢ 1y E| 1 q 4 1 794 494
g transformer 4 1 1 4 2y 1 6! 3.
3 switch 14 4 4 2 4
g -
= disconne
3 |switches| tor
nsulator
'YPE 1 0.
SWITCH|
poweer capacitor
lightning arrester 1 2 1 0.
etcetera 1 1 2 2 14
No damage 3 1 121 1 1 1 28 E 3 q 14 16 514 32
subtotal 7 8 L 2 8¢ 44 [ 1 1 1 E 2y 190 8 K 1 12 3y 17 1,607 100.
percentage (%) 04 5. 4 0. 40. 3 4, 01 1 1 31 1 11 52 44 0. 02 07 1 10. 100.
cable 2 2 459
= joint box
.é cable head 2 1 2.
E. etcetera 2 1 21.
El subtotal 4 E E 1 100.
percentage (%) 364 27. 9. 21. 100,
sum total 7 8 8: 65¢ 4 6t 1 1§ 1§ 5! 2y 190 8 7 1 12 34 17 1,61¢
27 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
’ LHUE
[ A - P

Utilization of power failure data NioRa KoEt

Classifying by area is useful for understanding regional characteristics

cause|  Inadequate equipment. Inadequate maintenance Natural phenomenon Intentionalinegligence | Contact with other objects m":f":"’*"‘
Public Contact
Incomplete | Incomplete | Incomplete | Ntural IWind and| tce and Flood | 0S| o | Workers [willuine Contact | - with Otner | fre | Other junknown) - total
Overload Thunder | earthquake and logging Other | In-house
production | construction | meintenance | deteroration win | snow damage | | dust gas | fault[ssneglice with company,
ProvincelAreas nce beasts
N1 saftna
Nothern (N2 Kilinochchi
IN Vawniya
|Anuradhapura
North
DD | o INC2 Kekirawa
INCS Minneriya
Nortn N1 Chilaw
WeSIEM w2 urunegala
ol
28 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Analysis of power outages by cause of failure and damaged equipment

| 1 o (Bl s e et W ok

o The memer of Ser & 2017w 1002
B T teminhran by s of ber o 0 Bl
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Transformer abnormality cases in Japan

Copyright © Chubu Electric Power Co., Inc. Al rights reserved.

> Pole Transformer abnormality cases leading to power outage in all

over Japan in FY 2018

Abnormality case 507 cases
Total amount in Japan 10.7 million
L 0.005%
Tree, Bird, U,?::::;;d M’gﬁ?m Corstruction
Suspicious %% 3% Defect
Object. %
Maintenance
Pubric 6%
Negligence
5%
Overloading
1%

Cause of outage m

Manufacture Defect

Construction Defect 14
Poor Maintenance 33
Deterioration 71
Overloading 6

Naturgl Factors (Rainfall, 265
lightning, Snow, etc.)

Public Negligence 14
Tree, Bird, suspicious object 40
Others, Uncertified 48

Source : Electrical security statistics, Ministry of Economy, Trade and Industry in Japan, March 2020
https://www.meti.go.jp/policy/safety_security/industrial_safety/sangyo/electric/detail/denkihoantoukei.html

2022/12/23
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Analysis and sharing of failure cause and failure mechanism
—_— 0 L LU -

’LHus..

Fler =P

-
AN MHEY

After confirming the faulty equipment by patrol, investigate the cause and
mechanism of the fault.
As a result of the investigation, if necessary, we will work with manufacturers to
improve equipment and develop countermeasures.

These experiences are accumulated and shared in the in-house document
system so that similar events do not occur.

Example of sharing failure cause and failure mechanism

Defective content

Overview

Copyright © Chubu Electric Power Co., Inc. Al rights reserved.

wawn L

Dielectric breakdown ‘

Q“;:":.n'-l

Feature

Trees and foreign matter (such as nesting) enter the gap
between the handle insulators of the primary bushing
and contact the live parts.

Even if it is not in direct contact with the charging part,
only by contacting the primary bushing cover, leakage
current continues to flow in the insulating cover and the
insulating cover tracks.

%,

Figurel

Figure2 L

mechanism

Measures for
new products

Ready-made measures
upport for removed products

Reference material

w =%
L8 IRl

BAESEN CRLL

Il vie
TEARRFRLaNen R, W X

STCIE-RF o)

Ll s T

1.Foreign matter in the gap between the primary bushing
and the primary bushing protective fitting.

+ A foreign substance (bird, beast, fruit, etc.) is placed
between the primary bushing and the protective fitting

(Figs. 1 and 2).
+ The primary bushing cover is melted (Fig. 2)

2.Leakage current occurs between the primary bushing
charging part and the primary bushing protective fitting
3.Carbonized conductive path is formed on the surface of
the primary bushing
4.0ccurrence of ground fault, burning of cover, etc.

If birds and beasts intrude into the gap between the
transformer primary bushing and the primary bushing
protective fitting, or drop foreign matter (fruits, etc.) into
the gap, leakage current will flow through the foreign
matter and cause a ground fault in rainy weather. (Figs.
1,2)

&

—
o £ a0

:;z=. --n--mm»-g:Ln-n e

&L

+ Install the primary bushing protection bracket cover
+ Uses a transformer without a primary bushing
protection bracket cover

SL None

L None

Zlectric Power Co., Inc. All rights reserved.

+— National Research Institute of Police Science (Tracking phenomenon of organic insulators and fire)

2022/12/23

Lo ————————————————————
Contact with trees, Nesting, Contact with other objects [

16


https://www.n-koei.co.jp/
https://www.n-koei.co.jp/

2022/12/23

’ LHUZ
. . . P Pl -Poe:
Install the primary bushing protection bracket cover -
Mounting guide HEog A .bA
appearance
Mounting method
Attach the cover guide to Push straight . Insert it until it clicks, and rock
the transformer's the cover back and forth to make
protective metal fittings. sure that it does not come off the
protective metal fittings.
33 Copyright © Chubu Electric Power Co., Inc. All rights reserved.

[LET
e

’LH
Calculation of effect of reducing power outage frequency(SAIG o e

A model of shortening power outage time by introducing Fault section locator

*Tentative time is set for breakdown of power outage

If the breakdown is not currently recorded, the shortened time is calculated assuming the
time for each process.

(Before) Unit: times

Outage Remarks
frequency
10 Assumed that measures have been taken for about half of the target feeders
-5times (-50%)
(After) Unit: times

Outage Remarks
frequency

5 Assumed that measures have been taken for about half of the target feeders

From this result, it is possible to predict how much power outage frequency can be reduced
in the selected feeder.

35 Copyright ® Chubu Electric Power Co., Inc. All rights reserved
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LHUZ.
P Pl -Poe:

Calculation of effect of reducing power outage time(SAIDI)  tuweonxoe

A model of shortening power outage time by introducing Ground fault detector
*The breakdown of power failure time is tentative
If the breakdown is not currently recorded, the shortened time is calculated assuming the
time for each process.
W Before [Unit: min]

Outage (breakdown)

duration

Going to the site Fault investigation Power recovery Cause
outside the faulty identification/Power
section recovery for all sections
120 20 60 10 30
-30min (-25% N
m After @ ( ) [Unit: min]
Outage (breakdown)
duration
Going to the site Fault investigation Power recovery Cause
outside the faulty identification/Power
section recovery for all sections
90 20 30 10 30

From this result, it is possible to predict how much power outage time can be reduced in the
selected feeder. This leads to the setting of target values for PDM.

36 Copyright ® Chubu Electric Power Co., Inc. All rights reserved

Prioritization and selection of countermeasure areas ¥

Yo -
e -

“Total Consumer hours lost
-Furthermore, consider the factors of “Priority load/ area/ emergency (row H)” and
“Affected areas (Metropolitan, Urban, Semi urban, Rual) (row I)”

-Prioritize the countermeasure feeder after considering other necessary factors.

. ) "

A e e
:;'.7 8 7
Vot - L i L S E— ] L] ———— T __
As a side effect, if SAIDI improves, patrol time will increase. Therefore, the identification

of the cause of failure will increase, leading to improvement of SAIFI.  conist o chuteciic pover co. inc. Al igis reservec.

2022/12/23
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LHUZ.

Prioritization and selection of countermeasure areas S
considering the improvement of SAIFI related to pilot project  wuweon wae
—_— - m s e  _______L_Y_YYL,,,—————————

Raw power outage data from LECO
- e, e

Organize data by “the Number of cause of outage (row B)” to
confirm the effect of SAIFI improvement

* v !
1 e = SO MR/ Casn ol ontan B/ Ober ben B0 7 o ot Garmrwmer it ennamtinrs
0 niatle Tastom Yo ive ' . W
- -
4
‘-
o
“ o
. .
o R

Record of power outage summary. NioRa KoEt

< Outage Report (The First Draft to Discuss) >

I Dage | Weacher H. Categacy of pewnr sutage

Detadl QLAZEY
T Office
Provines [ Dutras [ ¢ senrallisgars 0 Damaged Pazz |
5 Hubsation | Paedes Habarasa 10. Paibere Canae in detail
4 Power failusre datsesion e CEF  Coc-EF

Figue from abover 1o

o

b Quioge dursticoMaxzoum!

0 Number of custamar Maximam) = |

T Prograns of Restoee « s
— Numbar of 4
Tomm: | Rustored Bamasks
e Coazcanr | Brokeo Trew Canfuctor

Power outuge

Partsal resaveryl 17

Parnal ressvnry?

Partzal recorwry 3

Partal resoveryd. | 1500 48 Lo 1

Parral toeovarydc |
B
Partal revsvars®. |

Pull yesovery: |
41

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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’LHU#

Record of power outage summary. Tisoonisaom
11 Locatics of fatlures cnnm lindcats trso SLIN.
_j'.| J v—‘*_v-.____'.j .— - | B =
I I - ; >_ | __ 3 -3 e '
42 ¥ -

Record of power outage summary.

< OQutage Report (draft) >
A ) F2s JESHRL LT (RN

, date Ry RTE (R My KW
-

& Province ...;: . |

[district s

i G or AR/ ET Bt Damage situation and others

2 Substation N ARIE ¥ 9

/Feeder O ToR (WBUR-MeSUNIARSER
“ Aspect CORROETETT A 3 F PR TR TR TS 3
n /detail DoOwemo-o s . _

BAMRNEIIN W2 i), Wi OR) m CAPTAETHNGORMYS > & BHRES T (~RlE TwRIn

Maximum TUE

: (ci)lj'rtaatlggn = 2RRA == . == CANNIANARTOSEN AW OV IAFLE-Y

Consumer number ]

Detail of Restore Outage duration

» " A N
[ section [ mwmm Imﬁj Pres . o« SRARCESS I (M-l SR (i3 T

e T = . »
CLUVEE TR L dawrx
-0
109 (2104 | %91 akad ~ u snirae
E-Y 1
(0% { %09 ~1 | 90} . ” S LLIEL )
LU AT RGNS 1 U L BRI LA A% |
V 2
MW T - wa - || mEman
n
WHATR—a S S SR CHTaE TN WNARE
J-'.Z.-.‘-‘ 48 ouy " ] > '-'lniuuvuq Ty
o mENR-wE
L
| A RiE .

1] . 0 ! 1 LA

W 5 C B w

I | AN N N 3 xSt I

43

Copyght © Chubu ETectiic Power Co., Tnc. ATTIghts reserved.

2022/12/23

20


https://www.n-koei.co.jp/
https://www.n-koei.co.jp/

Details of failure record (CHUBU Electric Power) s

a4

& , -~ e - Outage period(duration)
‘)7 @ 3 <P Location of outage cause

g ®
=5 ';} e/

Outage period(duration)

|{ . W L \ Ly —_—

[} ™~ / > -
1 = — .

1 . -
I ww < m¥; | Numberand install w9 1
v -
_______ / location of OCI Copyright © Chubu Electric Power Co., Inc. Allrights reserved.

Calculation method of SAIDI and SAIFI

Copyright © Chubu Electric Power Co., Inc. All
rights reserved. 45

2022/12/23
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SAIDI and SAIFI of Sri Lanka in 2018,2017

(OSAIFI : System Average Interruption Frequency Index
SAIFI in Sri Lanka (Source CEB information)
SAIFI is one of main index to show how Bigdnization
15.1 (2018)
43.8 (2018)
56.8 (2018)
36.2 (2018)
109 (2017)

many times blackout occurred per one year,
per one consumer.

Total number of power outage in a year

Total number of consumer of organization

SAIDI and SAIFI of Sri Lanka in 2018,2017

(OSAIDI (System Average Interruption Duration Index)

SAIDI in Sri Lanka (Source CEB information)
PG 4532(2018) 755
4,468 (2018) 74.5
4,885 (2018) 81.4
5,911 (2018) 98.5
4,196 (2017) 69.9

SAIDI is main index to show how long
duration blackout occurred per one year,
per one consumer.

Total power outage duration in a year

Total number of consumer of organization

22
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Determine the target value of PDM

To determine the target value of PDM, calculate SAIDI and SAIFI based on the 2019
power outage record.

(6) SAIFI at the pilot sites
where the facilities
against power outage are
installed.

* Abrasion Resistance Cover
for Conductor
* Enclosed Cutout Fuse

SAIDI at the pilot sites
where the facilities
against power outage are
installed.

* Over current Indicator
* Ground Fault Detector

at 2019

XX in DD1(cover)
XX in DD1(cutout)
XX in DD4(cover)
XX in DD4(cutout)
XX in LECO(cover)
XX in LECO(cutout)

at 2019
XX in DD1(OCI1)
XX in DD1(OCI2)
XX in DD1(OCI3)
XX in DD1(GFD1)
XX in DD1(GFD2)
XX in DD1(GFD3)

(

XX in DD1(GFDn)

at 2023

XX in DD1(cover)
XX in DD1(cutout)
XX in DD4(cover)
XX in DD4(cutout)
XX in LECO(cover)
XX in LECO(cutout)

at 2023
XX in DD1(OCI1)
XX in DD1(OCI2)
XX in DD1(OCI3)
XX in DD1(GFD1)
XX in DD1(GFD2)
XX in DD1(GFD3)

XX in DD1(GFDn)

---DD2-4,LECO -+ -DD2-4,LECO
S—
calculate before 15.March 2021 ] [determine before ]

50

Calculation of effect of reducing
Ground FaUQQnggorr OUtage tlmE(SAl DI)

Responsibility C/P

DD1

H.L.S Jayasundara

Mrs.S.Gowrithasan

DD3

D.M.D. Ranawaka

DD4 W.C. H. Dhanapala

LECO Sampath Dissanayaka

Province |Substation / Feeder name

/District | (11kV,33kV) OC both EF
Norochcholai /F02 (Palakuda to Kalpitiya) 2 0 14
NWP
/Puttlam
Valaichchenai GSS to Eravur / FO6 15 0 0
Eastern
/Batticaloa

Uva
/Badulla

Rathmalana GSS/ F2

WPSI
/Colombag

Gonapinuwala PSS
Dick-ela PSS
Beligaha PSS
IAmbalangoda PSS

Southern
/Galle

Mahiyanganaya GSS/ F3(Adaj

Hikkaduwa PSS - /F Wewalamilla (Galle branch area) 5 0 94

nnual fault number

(Dplease list the all Substation
/Feeder name where apply GFD.

(@Please find the outage data of

L each feeder.

23
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Estimation of Equipment
Introduction Effect

Copyright © Chubu Electric Power Co., Inc. All
rights reserved. 52

Countermeasure Equipment for SAIDE &
SAIFI

Countermeasure SAIDI SAIFI
Equipment (System Average Interruption (System Average Interruption
Duration Index) Frequency Index)

Overcurrent Indicator

Ground Fault Detector v —

Abrasion Resistance Cover \/
for Conductor

53
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Calculation of effect of reducing
power outage time(SAIDI)

poOower ou
<casel>
Over Current Indicator

Over Crrent Fault

Patrol area

Before

SS

Outage
duration

260 20 180(180) 30 30

(breakdown)

Power recovery
outside the faulty
section

Cause identification/Power

Fault investigation
recovery for all sections

Going to the site (Patrol:Repost)

rrrrrrr d
54

Calculation of effect of reducing
power.outage time(SAIDI)

7 -V V-1 J-A

<casel>

Over Current Indicator

} Over Crrent Fault
-——

After |
: ocl
|

Over Crrent

ss =T r===x ~8
L ocl
ocl

25
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Calculation of effect of reducing
power outage time(SAIDI)

<casel>

Over Current Indicator

¢> Over Crrent Fault

After

SS

(Dcheck all OCI
@\dentify Patrol area

Copyright ® Chubu Electric Power Co., Inc. All rights
eeeeeee d
56

Calculation of effect of reducing
power.outage time(SAIDI)

<casel>

Over Current Indicator

Over Crrent Fault

Patrol area
After
SS N é ~ B
(breakdown)[min]
Outa.ge Fault i tigati Power recovery Cause
i Going to the site a(: tln\ll.eRs ea L()m outside the faulty identification/Power
ISR section recovery for all sections
Before '_|260 20 — 180(180) — 30 30 |
JVL -100min JVL -80min(-90) JVL -20min
After 160 20 100(90) 10 30 |

57
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Calculation of effect of reducing
ffffffffffffffffffffffff powefr—outage—ft—i—m e(SAIDI)

<case1 > "Over Current Indic

Annual effect Of each Feeders Htotal consumer of a feeder = 500,000(tentative)
E Em
duratlon[mln] mer No [min] Aspect duration[min] | mer No Aspect
1,000 360,000 1,000 150,000

3/17 300 3,000 900,000 EF 3/17 300 3,000 900,000 EF
5/15 400 8,000 3,200,000 EF 5/15 400 8,000 3,200,000 EF
6/24 700 4,000 2,800,000 ocC 6/24 300 4,000 1,200,000 ocC
7/1 400 13,000 5,200,000 ocC 7/1 170 13,000 2,210,000 ocC
7/12 420 7,000 2,940,000 EF 7/12 420 7,000 2,940,000 EF
9/30 210 4,000 840,000 ocC 9/30 110 4,000 440,000 ocC
10/8 180 11,000 1,980,000 EF 10/8 180 11,000 1,980,000 EF
12/9 240 5,000 1,200,000 EF 12/9 240 5,000 1,200,000 EF

Total - - 19,420,000 = Total = = 14,220,000 =

I
I

SAIDI  38.84%* [min/consumer ,year] » 28.44% [min/consumer ,year] ‘
=19,420,000 / 500,000 =14,220,000 / 500,000 58

Calculation of effect of reducing
power.outage time(SAIDI)

<case2>

Ground Fault Detector

Before Patrol area
Earth Fault

SS

(breakdown)

Outage

. Power recovery
duration

outside the faulty
section

Cause identification/Power
recovery for all sections

Fault investigation

) -
Going to the site (Patrol:Repost)

260 20 180(180) 30 30

Copyright © Chubu Electric Power Co., Inc. All rights
reserved.

59
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<case2>

Calculation of effect of reducing

age time(SAIDI)
Ground Fault Detector

After

—————————
- ——
-~
~
S

SS

~
S~< -
______________

(Dopen circuit
@supply DC voltage

(both side of open point)
@Finding the fault side

Copyright © Ch
pppppppp

60

anPr ou
<case2>

7 -V V-1 J-A

Calculation of effect of reducing

age time(SAIDI)
Ground Fault Detector

After

SS

MDopen circuit
@supply DC voltage

(both side of open point)
BFinding the fault side

61
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Calculation of effect of reducing
power outage time(SAIDI)

<case2>

Ground Fault Detector

After
SS
(Dopen circuit
@supply DC voltage
(both side of open point)
QFinding the fault side
Calculation of effect of reducing
power.outage time(SAIDI)
<case2>

Ground Fault Detector

After
;Earth Fault Patrol area
- Tﬂﬁz .

Outage

(breakdown)[min]

i Fault investigation PO (EEeE Cause
duration Going to the site (PatrolR [ S outside the fautty N N
afrorTepos section recovery for all sections
Before 260 20 _180(180) 30 20 |
<l |- -140min J L -120min(-150) JVI, 220min
After \/120 20 N4 60(30) 10 > |

eeeeeeee

63
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Calculation of effect of reducing
ffffffffffffffffffffffff power outage time(SAIDI)

<case2> Ground Fault Dete
An nual effect Of each Feeder Xtotal consumer of District = 500,000(tentative)
mm mm
duration[min] | mer No Aspect duration[min] | mer No Aspect
1,000 360,000 1,000 360,000
3/17 300 3,000 900,000 EF 3/17 160 3,000 480,000 EF
5/15 400 8,000 3,200,000 EF 5/15 180 8,000 1,440,000 EF
6/24 700 4,000 2,800,000 ocC 6/24 700 4,000 2,800,000 ocC
7/1 400 13,000 5,200,000 oC 7/1 400 13,000 5,200,000 ocC
7/12 420 7,000 2,940,000 EF 7/12 300 7,000 2,100,000 EF
9/30 210 4,000 840,000 oC 9/30 210 4,000 840,000 ocC
10/8 180 11,000 1,980,000 EF 10/8 60 11,000 660,000 EF
12/9 240 5,000 1,200,000 EF 12/9 200 5,000 1,000,000 EF

Total = = 19,420,000 = Total = = 14,880,000 =

SAIDI  38.84% [min/consumer ,year] » 29.76* [min/consumer ,year] ‘
=19,420,000 / 500,000 ' =14,880,000 / 500,000 64

Calculation of effect of reducing
oo POWer outage time(SAIDI)

*Based on the recent performance of each process, we calculate the shorten time
due to introducing each countermeasure.
%(The breakdown of power failure time in the table below is a tentative)

*If there is no record of the breakdown, the shorten time is calculated assuming the
time of each process. [Unit: min]

(breakdown)

Outage

i Fault investigation PO FEEDRY Gz
duration Going to the site (Patrol:R g 0 outside the faulty identification/Power
atrolihepos section recovery for all sections
Before .—.260 20 — 180(180) 30 30|
JVL,-lzomin ,lv L, -120min(-150)
After 140 20 60(30) 30 30|

From this result, it is possible to predict how much power outage time can be reduced
in the selected feeder. This leads to the setting of target values for PDM.
PDM
- OCI : SAIDI of the each feeders .(3 Feeders where OCI will be installed.)
* GFD : SAIDI of the each feedets (All.keedersdn District where GFD will be apllied.)

30



Calculation of effect of reducing power
outage frequency(SAIFI)

<case3>

* Abrasion Resistance Cover for Conductor
*Enclosed Cutout Fuse

I

outage Lightning Trees and Animals and  Other accident  Vehicle Unknown
Branches birds spread accident /other
| Before 300 20 100 30 15 130 |
4 L120 b0 JT o {}
| After 180 20 30 20 15 % |

Copyright © Chubu Electric Power Co., Inc. All rights
eserved
66

Calculation of effect of reducing power outage frequency(SAIFI)

<case3>

= Abrasion Resistance Cover for Conductor
*Enclosed Cutout Fuse

Annual effect of each Feeder Htotal consumer of District = 500,000(tentative)
Before After
BT | Ty
Lightning 300,000 Lightning 300,000
Tree and Branches 1,320,000 Tree and Branches 580,000
Animals and birds 900,000 Animals and birds 550,000
Oher accident spread 250,000 Oher accident spread 250,000
Vehicle accident 182,000 Vehicle accident 182,000
Unknown/other 4,130,000 Unknown/other 3,300,000
Total I 7,082,000 I Total I 5,162,000 I
SAIFI  14.16X [times/consumer ,year] »10.32'* [min/consumer ,year]
=7,082,000 / 500,000 =5,162,000 / 500,000 67

2022/12/23
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Calculation of effect of reducing
oy~ POWeroutage time(SAIDI)

=Based on the recent record of power outage number by cause, we calculate the
decreased frequency due to introducing each countermeasure.
%(The breakdown of the cause of power outage in the table below is a tentative)

-If there is no record of the breakdown, the decreased frequency is calculated
assuming the frequency of each cause. [Unit: times]

Lightning Trees and Animals and  Other accident Vehicle Unknown

number of
outage

Eranenes Birds e e e

Before 300 20 100 30 15 5 130
L ! o T

| After 180 20 30 20 15 5 % |

From this result, it is possible to predict how much power outage frequency can be
reduced in the selected feeder. This leads to the setting of target values for PDM.

PDM
- Cover , Cutout : SAIFI of the each feeder .

(A Feederwhere Covetr or Cutout will be installed.)ﬂ

Details of failure record (draft)

Details of power failure record required to evaluate Pilot project.(draft)

sub Total Outage Consumer
Pﬁi::; station Feeder Consumer Duration1 Numberl
(C:2(cn)) (d1)(time) ()]
Outage Consumer Outage Consumer Total
Duration2 Number2 Duration3 Number3 Outage duration
(d2) (time) (c2) (d3) (time) (%)) (D:2(dn X cn))
Failure
aspect

Cause of
outage

OC/EF A~ A01~A28
DulageTppes
A AN DaurRatee wiiwe ek
. A Dutriates Syitws Phesnd beargten
c 1ot Linewime Ctl £aBas Sertey fanh
n 0 Leerim Ontr oo Gectey v ed veryten
[ 1V Dvinasin Sy F o -
LV Daweaton Sete s Miswmd | et gnan -
B Yol Crrtawer e
" Toprenarne Sprav f b -

| TEAALLS Yy ze P ery beregse
Rt L LT LT

— d Copy — S h s
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Details of failure record (draft)

2/10
(10:00)

North Jaffna

Outage

D.ate MME -
(time)
F10

Consumer

Total
Consumer
(C:2(cn))
PointPedr
oExp

5,000

Outage Consumer

Outage
Durationl
(d1)

(10:30)

Consumer
Number1
(c1)

1,000

l

Total

Duration2 Number2 Duration3 Number3 Outage duration :as“::i
(d2) (c2) (d3) (D:%(dn X cn)) P
40 2,000 90 3,000 380,000 oc
(10:40) (11:30)
Patrol area
Point Pedro Exp : F10 Over Crrent Fault
ocl o ——
SS < A < AM S o
S A Y
an ocl
ol == 1 \ 40min
~ S~ \
30min 0 T T === - LS 7
1,000 No need of patrol ~~ o _ _ __--"
Copyright © Chubu Electric Power Co., Inc. A\?rlhls reserved.
3. Estimation of the effect of introducing OCI
’ Example  (DD1:0CI-1 : Habarana F07)

Patrol duration[min/failure]

Patrol duration

Number of power failure[/year] 100

-“nm Total patrol duration (2019)
| 31 49 @2 g 172 % 100-17,200 [rin/year]
% 18.0 285 535 100

18.0 +53.5=71.5%

¥

I :Effective in 71.5%
of power failure.

P |
|
| oD

Habarana FO7

74
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3. Estimation of the effect of introducing OCI

Example  (DD1:0CI-1 : Habarana FO7) | ®:oc
@ : ARC

Habarana F07:10000m

;'j;‘_'—‘:~ | 3000m | o]

e Section divided by ARC

7 " =
e 1000m
- 75
3. Estimation of the effect of introducing OCI
Example  (DD1:0CI-1 : Habarana F07) ‘ @®:oa
®: ARC
A *OCl can reduce patrol area at 20% of OCI failure.
- .. > 20%: (1000+1000)m / 10000m Habarana FO7: 10000m
4 : - N ]
4 =1 * Patrol time reduction rate s
| 538 | 3000m | o |
A - L when OCI didn’t detects. —
R A e e ->(®21000/2000 (50%)
3 e (3)3000/4000 (75%) e
Sl \ -
¥ I G e !
S == - 1
e -~—\\ ‘.//' -
E --—-—- —_
=l o 4000m
,‘ [ =
: = -
' ‘._ - 2 - =
S = = 4 . II : Patrol time is reduced by 50% or
e 1000m 75% in 20% of OC failures.
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3. Estimation of the effect of introducing OCI

| Example  (DD1:0CI-1 : Habarana F07) |

Before(2019) | After(Estimation) |

Number of power failure

| e | e | tora | I :Effective in 71.5% of power failure.
(OC failure)
31 49 92 172 1I : Patrol time is reduced by 50% or 75%
% 180 285 535 100 in 20% of OC failures.
18.0+53.5=71.5% Total patrol duration [min/year]
Patrol duration[min / failure]
. OC:
Patrol duration .
+(172 X 71.5% X 10%) X (100min X 25%)
£o0 +(172 X 71.5% X 80%) X 100min
=10,761 min/year
EF: (172 X 28.5%) X 100mins = 4,9D0 min/year

Total patrol duration [min/year] Total patrol duration [min/year]

I 172 x 100 = 17,200 I ‘

77

3.PDM : OCl
Example  (DD1:0CI-1 : Habarana F07)

v/ The reduction rate of total patrol duration is regarded as
the reduction rate of total power outage duration.

Before(2019) | After(Estimation) |

BT
» 72.8

(0]

78
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3. Estimation of the effect of introducing ARC

’ Example

Number of power failure

(DD4:ARC(cover) : Matara(Rahula) F018&2) ‘
| oc | e | ocer | total |

data included F2?
or only F1?
14 17 2 '
Number of tree/etc contact % 6 / 33 = 18%

2019 'em I I :Effective in 18% of power failure. I
Matara(Rahula) F01&02
d

79

3. Estimation of the effect of introducing ARC

Example  (DD4:ARC(cover) : Matara(Rahula) F018&2) ‘
* ARCC(cover) will be installed at all tree contact points.
I II : No more tree contact I
X Suppose all tree contact is occurring in the conductor. D : ARCC
(Total 162m)
Matara(Rahula) F01&02
(1 ke S A, ’

80

36



2022/12/23

3. Estimation of the effect of introducing ARC

’ Example  (DD4:ARC(cover) : Matara(Rahula) F018&2) ‘

Before(2019) | After(Estimation) |

Number of power failure

14 17 2 6/33=18%

I :Effective in 18% of power failure.

Number of tree/etc contact

]I :No more tree contact
H

# Total number of power failure

133-6=27/year]

Total number of power failure Total number of powerﬁre
33 [/year] # 27 [/year]
A18%
81
3. PDM : ARC

Example  (DD4:ARC(cover) : Matara(Rahula) F018&2)

v/ The reduction rate of total number of power failure is regarded as
the reduction rate of power outage frequency.

Before(2019) | After(Estimation) |

2 | EEGEE
» 30

w
(e)]

82
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3. Estimation of the effect of introducing Cutout

’ Example  (DD4:Cutout : Matara(Rahula) F04)

Number of power failure
_oc | e | ocer | total |
6 1 20

Number of tree/etc contact

2022/12/23

ﬂ:{> 18 /27 = 66%

I I :Effective in 66% of power failure. I

Matara(Rahula) FO4

4
| — 483 sheie
3. Estimation of the effect of introducing Cutout
’ Example  (DD4:Cutout : Matara(Rahula) FO4) ‘
cutouts installed
N
19, 6 @ : Cutout
\\ _ o
N 6/19=32% Matara(Rahula) FO4
\\ I II : Effective in 32% of tree/etc contact. I =— P
\\ ¥ Suppose all tree contact is occurring in the ) l;‘._ - \\
N transformer. L 0. \
\\ e _— II \
\ L B S ~——— 1
¥ /, \
1l i . \\
] . ! | J .
I ¢ [} L \
Erdrgemp 755 1 L .‘ ." ¢ = \\
1 "i@D-t \
. 4 .. \
pir iy P —— o _ 1
e, - £ 1 il (-, M 1
// ; ] RN - ﬂ 1
A { ! Vetzra 0T S~ eaimesy /
N _ ; ! w l’.'.' I Ssao--
- w * = 1 Renains £
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3. Estimation of the effect of introducing Cutout

’ Example  (DD4:Cutout : Matara(Rahula) F04) ‘

Before(2019) | After(Estimation) |

Number of power failure

Foc [ & | ocor | ol
6 1 20 I :Effective in 66% of power failure.
II : Effective in 32% of tree/etc contact.
Number of tree/etc contact

2019 Number of tree/etc contact

18 i
- { 18 X (100% - 32%) = 12 [/year]
IS C TS (1S Total number of power failure
with cutouts installed .
19 6 | 27 - (18 - 12) = 21 [/year]
Total number of power failure Total number of power failure
27 [/year] # 21 [/year]

A22%

85

3. PDM : Cutout
Example  (DD4:Cutout : Matara(Rahula) FO4)

v/ The reduction rate of total number of power failure is regarded as
the reduction rate of power outage frequency.

Before(2019) | After(Estimation) |

(2] EEETEE
» 28

w
(e)]

86
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3. Estimation of the effect of introducing GFD

’ Example  (DD2:GFD : Valaichchenai F06)

Number of power failure

_oc_| & | o | total |
3

2019
20/24=83%
I I :Effective in 83% of power failure. I
Patrol duration[min / failure] Patrol duration[min / failure]
=
100 50
I II : Patrol time for EF failures is reduced by 50%. I

HAssume that it will be reduced to 50% for some reason.

87

3. Estimation of the effect of introducing GFD

’ Example  (DD2:GFD : Valaichchenai FO6) ‘

Before(2019) | After(Estimation) |

Number of power failure

| oc | e | ocer | total | I :Effective in 83% of power failure.
(EF Failure)
3 20 1 24
I : Patrol time for EF failures is reduced
by 50%.

Patrol duration[min / failure]

Total patrol duration [min/year]
Patrol duration

EF: (24 X 83%) X (100min X 50%)
0y =1,000 min/year
l 0OC: (24 X 17%) X 100mins = 400 min/year
Total patrol duration [min/year] Total patrol duration [min/year]
2 x 100=2,400 - = 1,400

A42%

88
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3.PDM : GFD
Example  (DD2:GFD : Valaichchenai F06)

v/ The reduction rate of total patrol duration is regarded as
the reduction rate of total power outage duration.

[(a]  EEETEE

Before(2019) | After(Estimation) |
75 » 44

89

Details of failure record (draft)

Sa pugas kand a/F09( D DZ) Copyright © Chubu Electric Power Co,, Inc, Afghts reserve.
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Patrol of outage area.

How do you patrol?
How many people? groups? cars?

How do you restore?

- After patrolling all areas,
power will be restored in a lump.
*Patrol and partial power restore
will be carried out in parallel.

Sapugaskanda/F09(DD2)

Details of failure record (draft)

. =
| = ocl 1 ke "

______ PP = T

failure record

Total
2ate | provnce | ot recder | corsumer
(C:X(cn))
G: Fo 8,000

jince
WPN ampaha

(llr{:})so) Sapugaskanda

Outage Consumer
Duration1 Number1
(d1) [5) (d2) (c2)

Consumer Outage Consumer.

30 120
(10:30) €9 (12:00) 1500 B
Outageduration | Falure [ ouge | causeor
(D:%{dn X cn)) s types outage
195,000 oc N 5

Sapugaskanda/FOQ(DDZ)

(total consumer 8,000)

il

QX e |

Copyright © Chubu Electric Power Co., Inc. AFRghts reserved

time 10:30
=consumer 500

Restore2
time 12:00
=consumer 1500

(D OC Fault occar
(@ AR”B” open

@ Check 0CI”2”
@ Ppatrol

®) Restore

Copyright © Chubu Electric Power Co, Inc. AFghs reserved.

2022/12/23
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Details of failure record (draft)

Over Crrent Fa

3
; e

0
[ -

=

Sapugaskanda/F09(DD2) Comyght © chb Eectrc Power o, . A eseved

Pilot Project Status

ARC Pilot Project Site Installed in all the target sites
. Pilot Project Site -~ Prp——
Equipment DD1 DD4 LECO & e —— T oy
Abrasion A =—
Resistant . (@ Kaluwamodara > oo
Cover for (DPoojaNagaraya (@Matara F1 F-Moragalla e
Conductor =
e o | b | o @&
Pilot feeder . 7 {
Pooja Matara F1 Kaluwamodara - Moo
Unit Nagaraya Moragalla Feeder e - ‘»
JVEEERN [min] 10 2.4 56.2 - \
= = = Ao (==
SAIFI '23 [min] 3.8 1.3 37.5
Effect [min] -6.2 -1.1 -18.7
% 62 -45.9 333
SAIDI "19 [min] 1,192 110 1i450
SAIDI’23 Wi 397 53 967
Effect [min] -795 -57 -483

% -66.7 -51.8 334 o
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Pilot Project Status

Delivered (June.2022)
Installation (~“August.2022)

OCI Pilot Project Site

- TR O O
e Uy BOMOARECS & (LB A
BOAMOamT S
Pilot Project Site
DD1 DD2 DD3 DD4 LECO p= -
Over
@ ®
C:frent EIDabarana F7 Kiribath (R@atna ura F2 D@eni aya F4 Beligaha
In[g:lt]or _kumbura F9 p Yay F-Boossa

™ oa [ o1 | ooz | oos | oos | teco |

Pilot feeder

- . Beligaha
Habarana Kiribathkum Ratnapur Deniyaya BoosaFee

F7 bura aF2 F4 1 .

SAIDI ‘19 Einih|

4,620 1,021 637.6 6,052 3,734
00— 0 - O -
SADIEPERS [min] 4,126 955 3559 5,054 3,437

Effect [min]  -494 -66 -282 -998 -297

m % -10.7 -6.5 -442  -16.5 -7.9

Copyright © Chubu Electric Power Co., Inc. All rigtts

Results(value)

Wew [ Wew

alami | alamil | -29.1
lla la -1324
4565 | 3241
96
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Automatic Detection of Detailed
Outage Area by Smart Meter

97

01 Status of Smart Meter Introduction in CEB/LECO Py

——

According to the Annual Report 2020 shown at the bottom,

the data obtained by smart meters can be linked to the CEB Assist and utilized for remote meter reading and bill generation.
the Annual ReDOft 2020 /ile, CEB have been utilizing the CEB Assist to grasp and share outage information

by receiving customer inquiries and sharing the outage information for outage recovery.

b o 0 e W a4 —— v st 4 by bt s WA g b by A St A s WU T od g § T o S gt i Y S Tyt .
e —— — " ——— —— S W 1 Dt . oy - b ol 4 " - ] S s ¢ Wt Sy T L) TIEA Bt Wi s by 0 e gt o S
-—— — — b g g 8 et

Loy —— R e T

— e ——

— — — ——
It seems other smart meter data such as an reaction to a polling are not automatlcallymllzed through the CEB Assist for failure outage area detection
(locating). Also, such smart meter data can be utilized to detect a broken wire which might be fallen down to the ground in a very dangerous state.
Therefore, we would like to introduce the utilization idea of smart meter data in the next WG activity, though there is no procurement of smart meters, etc. in
this project. We think this idea will be helpful for CEB to improve power supply reliability when a lot of smart meters are introduced in future.

98 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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02| oOutline of MV/LV Smart Meters in CEPCO NAPDaN: S

B A smart meter is a meter with function that enable us to obtain measurements remotely
like 30min interval kWh, voltage and others.

B Smart meter for LV also has function for open/shut and load limit setting.

B CEPCO is addressing to utilize these function and data obtained for not only promoting
energy usage efficiency but also improvement our work efficiency, asset investment
optimization and restore service more faster.

LV Smart Meter HV Smart Meter

Communication
Unit for LV meter

Communication
Unit for HV meter
Termlnal
« Measuring & Recording Bidirectional kwh  (30min » Measuring & Recording unidirectional kwh, kVar, kw
interval) (30min interval)
« Measuring instantaneous value (V/A/ W) + TOU Calendar
« Load Limit Setting* « Communication (920MHz or LTE)
« Open/Shut function* « Interface of external device (such as HEMS)

« Communication (920MHz or LTE or PLC)

« Interface of external device (such as HEMS)
only for single phase and rated capacity is 60A or below

99 Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.

LHLY
Pl = Prewr

03 \ Benefit of utilizing Smart Meter (Work Efficiency Improvement) in CEPCO :muma

B More than half of conventional field work (meter reading & start/stop service, etc.) is
automatically carried out since starting smart meter installation.

B By utilizing smart meter to improving the work efficiency of conventional fieldwork, we
optimize human resources like relocating field engineers from traditional works to more
essential jobs like patrol inspection for distribution asset management.

®Automatic Meter reading @Remote Switch Control

Conventional Work L2 Current Work Conventional Work [ Current Work

-LL
Back Field Crew X
Mechanical Meter Smart Meter Mechanlcal Smart Meter  Back Office
Office
Meter Reader Meter
Checking usage at site Usage data is collected Connect or remove the Remote turn on/off from
by meter reader automatically by AMI meter wire by field crew. back office.
—— - = = —-—
- Misreading & Wrong billing * Accurate reading & billing - Mistake of meter works + Reduce the travel and work time
- Labor accident at field + Avoid labor accident + Labor accident at field + Avoid labor accident

More than 60% of conventional field work (monthly/temporary meter reading and
start/stop) is automatically and correctly carried out through AMI system.

100 Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.

2022/12/23
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04 | Outage Area Detection by Utilizing Smart Meter MIBBAN HEE!

Smart meters can be used as sensors to detect an outage area, figure out the scale of an
outage and dispatch an appropriate number of workers to achieve quick restoration.

When an outage occurs or after the outage is recovered, ...

No outage
or
Restored

Check the outage areas by

Check each household’s household, LV line, Transformer,

outage/recovery state MV line, Substation

101 Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.
ol
05-1 | System Link Image of SM data to External System MBI REET

2022/12/23

AN S s sy

(Smart Meter <> HES <~ MDM < External Systems)

102 Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.
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05-2 | Consumption/Outage Information Flow to CEB Assist AN HEHEY
FAN & WAN
‘CE_B
assist
Patrol to
outage
area
A‘\ Consumption
amount (kWh)
Camer Network
i Lation
(Input by
operator)
Camer Network
|-| Input by customers S
)Outage information [
Calling by customers "
103 Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.
p";.'.*..".'F“
05-3 | Automatic Outage Area Detection by Utilizing Smart Meter AN ST
[ owan 1 seatmetw |
PRI (Romumentenod | CEB
! . assist
; Q ﬁ/'wm Consumption
m o 5 amount (kWh)
Re5|dent|al B
!. 0 Ccus omer Patrol to
1 Supply ' outage
H ' - area
{ : V/LV + automatically
. \ Outage
i f ' information
[ 3. o 1R £ " Automatic lihki
L A P i
‘,_c ...... .....f .................. / //
W § ;é%—‘:ﬁ.;
\ \ .
Outage area can be detected automatically, more rapldly, more exactly,
more efficiently without operator/customer work.
104

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.
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Outage of Transformer?
Polling to one of the SMs in an MV/LV transformer(T/F)

——

Response No response

! !
No outage of the T/F  Polling to all the SMs under the T/F

<

v
Response from at least one SM No response from all the SM

! !
No outage of the T/F Outage of the T/F
(Partial outage in the LV line
or communication failure)

Other Transformers
(The same way)—Outage of other T/Fs—Possibility of MV line outage

105 Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.
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Classification of
Grid Interconnection in Japan

e . - - . P PP
Classification of Grid Interconnection in Japan ADRON faEr
Classification of . . Output power capacity With or without reverse
grid interconnection EfES G R 2oy per customer power flow*2
Sgr;eratlon facility through With / Without
LV distribution line No more than 50 kW
AC generation facility in standard Without

(without PCS)

Generation facility through No more than 2,000 KW

MV distribution line | PCS or AC generation in standard With / Without
facility (without PCS)
Spot network No more than 10,000 kW .
R . Without
distribution line Generation facility through | I standard
PCS or AC generation
HV distribution line | facility (without PCS) No more than 2,000 kW . .
. . With / Without
1 in standard

*1 When connecting to an electric line treated as a distribution line of 35 kV or less (20 kV class distribution line), it is possible to comply with the
technical requirements for interconnection to a high-voltage distribution line (however, the power capacity per installer is in principle. It is less
than 10,000 kW.

*2 The presence or absence of reverse power flow is determined by the actual power flow direction (not whether there is a power sale contract).

2 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Glossary (Reverse Power Flow) Tisoon ko
®without reverse power flow (@With reverse power flow
— Distribution line <= Distribution line
Power receiving Power receiving
point point
Generator Load Generato Load
Pg Pl Pg Pl
Always Pg < PI Possible to be Pg > PI

* Relations between generator and customer load capacities

There is a reverse flow if the load capacity is smaller than the output of the power generation equipment

-No reverse flow if the load capacity is larger than the output of the power generation equipment

Judge by the direction of active power at a power receiving point (Current flow direction)

Copyright ® Chubu Electric Power Co., Inc. All rights reserved

Classification of Grid Interconnection in Japan o

The classification of interconnection is applied according to the voltage class and form of
the interconnection system, regardless of the output voltage of the power generation

facility.

Ex) When a customer who receives power from a MV distribution line installs a LV
power generation facility, etc. on the premises and connects the grid via a step-
up transformer,

= Applying technical requirements for MV distribution lines

However, when the output capacity of the power generation equipment, etc. is extremely
smaller than the contracted power, the grid can be connected in accordance with the
lower division of the voltage in the contracted electricity. [LV deemed interconnection]

(Comment) “The output capacity is extremely small compared to the contracted power” means

power generation capacity is less than 50 kW

as a rough indication, the output capacity of power generation equipment, etc. is
approximately 5% or less of the contracted power.

However, if the output capacity of the power generation equipment is always small with
respect to the minimum load on the premises and it is possible to quickly prevent islanding,
it is possible to operate beyond this rough indication value.

Ex) When installing a 10 kW (5% of contract) power generation facility in a MV
customer premises with a contract power of 200 kW
= Applying technical requirements for LV distribution lines

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Guideline

regarding Power Quality Securement
for Grid Interconnection Requirement in Japan

Purpose of Guideline and Basic Concept in Japan e s

AN BOCREY

Purpose

To clarify “technical requirements necessary to enable power generation
equipment to be connected to commercial power system,” and to introduce it

in an orderly manner and "secure human and equipment safety and maintain
supply reliability”

{By solving technical problems (taking measures), for the first

Basic Concept time, interconnection with the power system becomes possible.

(1) Do not adversely affect other customers in terms of supply
reliability (power outage, etc.) and power quality (voltage,
frequency, etc.).

(2) Ensure the safety of the public and workers, and do not adversely
affect the power supply facility or the facilities of other customers.

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Orientation of Guideline in Japan S

There is no legal regulation (compulsory force) like the
electrical equipment technical standard in the “Guideline
for grid interconnection technology requirements for
ensuring power quality”. This is a standard index for
discussions to establish a grid interconnection with an
electric utility that operates power grids.

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Grid Interconnection Code in Japan
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| Purpose of Grid Interconnection Code AP KOEY

2022/12/23

Purpose

Explanation and Complement of Electrical equipment technical standards and Guideline

@ Based on the purpose of the guideline, it has been established as a private voluntary
regulation that is useful for practitioners involved in the grid interconnection of distributed
power sources.

@ The grid interconnection regulations are private regulations that are not legally
enforceable. (Similar to extension regulations and high voltage power receiving
equipment regulations)

@ However, in compliance with the technical standards based on the Electricity Business
Law, the standards are fairly and neutrally set by each company, manufacturer, academic
expert, and related organizations, which is a common rule for interconnection.

—

Conducted various technical studies and discussions with
customers based on the grid interconnection regulations

Copyright ® Chubu Electric Power Co., Inc. All rights reserved

’LHU#-\.-
H = = P PP
Formation of Grid Interconnection Code -
/” The General N\ ({Facility measures required for interconnection}\
e
e ~ Electric mode
Geml?ra| Purpose Common Issues Power factor
rule
Application area Harmonic
and L
interconnection ( . N
classification Requirements for | | Protection
interconnection coordination
Concept of with LV lines B e ey
isolated Short circuit capacity
operation Contact system
prevention ~ /
R " - dinati )
Requirements for rotection coordination
|_| interconnection Limitation of reverse
Glossary with MV lines | |Power flow
Voltage fluctuation
Short circuit capacity

\ / \ Eontact system /

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Outline of
Solar PV Generation System
. . . ".r..“..':'.f:;...
Brief Overview of Solar PV Generation System N e

Generated power flows to a distribution grid side and is consumed in a customer house.

Customer side  Distribution grid side

-— —
8 /ot |
< A

Cdnnectipn
Bax

v | L |P I Watt hour|meter
g Conditiobing
{ ] Syste|

,-// - - == oo 0 |
e fARE -

Distribution
panel board

— : Power flow

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Brief Overview of Solar PV Generation System Wpoan e
To pole Supplying  Purchasing X, A J
From EPCO  From Customer <] > .
\\\ e e DQ &\ Photovoltaic panel
Watt Watt Voo H-
hour hour m )4
meter meter A
t [T L\_I) <H
Surplus power is output to Power
Service breaker ) . ) . flow
Customors main distribution grid for sale.
breaker J
Customer’s branch e S:{iatfgyfsot;m PCS for SOIar PV genel’ator Connection
circuitbreaker §i i lilE T A 0 wessssessssssssssssssssesss .4.. ................. - X []
Tocu ’ t
i < = Breaker Inverter
Ve Output AC u Monitoring (DC/AC) : Input DC
S H to detect Control AC DC
5 Protection :
J device Control :
: : . p";..“.ﬂfa..
Brief Overview of Solar PV Generation System Py

PCS (Power Conditioning System) consists of
® |nverter
Convert DC to AC
® Protection device for grid interconnection
Prevention of islanding
Control of frequency, voltage and current, etc.

High quality output without voltage fluctuation,
harmonics, etc.

® Breaker for grid interconnection
Stop and disconnect in case of emergency

[ S

e

_

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Rooftop PV Connection
to 400 V Line

Contract Types of RE Purchase i
Net Metering Net Accounting Net Plus

Generation
power

Balancing out by consumption
amount.

Pay for the consumption
subtracted by generation.
Keep as credit for next month
(for several months), if
generation amount exceeds
consumption amount.

Never pay to the owner.

Purchase the rest of
consumption.

Purchase all generation
power.

Pay by standard tariff rate, if | Upper limitation of

consumption amount

generation capacity

exceeds generation amount. | (determined by contract).

Upper limitation of
generation capacity

(determined by contract).

Unit price for

N/A

22.00Rs.(0"~7t" year),

22.00Rs.(0"~7t" year),

i th_2(th th—2(Qth
purchase (Balancing each other out) 15.50Rs.(8"~20" year) 15.50Rs. (8"~20™ year)
Contract term | For 20 years For 20 years For 20 years
Applicable RE | All RE Only rooftop PV Only rooftop PV
Capacity limit | Based on each contract Based on each contract Based on each contract

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Rooftop PV Projects Introduced by Donors omnan,

Pilot projects (about 22 projects) were introduced in 2014 to
promote rooftop PV with capital subsidy and concessionary
financing funded by ADB.

Presently another project for rooftop PV up to 50kW capacity
is in operation with concessionary financing (interest rate: 6%)
funded by ADB.

If any projects for rooftop PV, please inform.

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Solar PV Introduction in Sri Lanka P

Program of introducing rooftop PV, which started from 2016 for
acceleration, 200MW rooftop PV would be introduced by 2020 in which
LTGER 2018-37 describes, has already achieved the target.

' Up to Dec 2018 by SBS progress sheet
. CEB ~130 MW

E LECO ~40 MW

| At present

' CEB (as of JAN 2020)

! 57.36 MW (ground mounted)

194.54 MW (rooftop)
252 MW (total)

LECO (as of DEC 2019)
64 MW (total)

Difference between rooftop PV and ground mounted PV?

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Utilization of Storage Battery System
in Distribution Grid
Utilization of Storage Battery System S
-Beneficial for Distribution System Operator- NI RECHEY

B Suppression of capital investment
v"Power flow control
v Off-grid performance
®m Improvement of power quality
v Constant power factor control
v'Reactive power direct command control
v Target voltage constant control
v"Voltage fluctuation suppression control
v Semi-off grid performance
M Secure of adjustability
v Output fluctuations suppression
v Adjusting power procurement cost suppression
B Expansion of income
v"Originally suppressed non-firm cheap power utilization

Copyright © Chubu Electric Power Grid Co., Inc. All rights reserve d
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-Beneficial for Distribution System Operator- AN REHES

B Suppression of capital investment

v'By controlling the charging and discharging of the storage battery, it is
possible to avoid overload (reinforcement work) of the distribution line.
[Power flow control] (cf.) Demand response

Distribution Distribution line that requires reinforcement of distribution line such

feeder as thickening wire due to overload

Installation  In the middle of distribution line

site (Load side from the part where thickening is required)

SBS The capacity which can afford to keep the line current less than

capacity rated capacity [***kWh (**A) class?]

3 Copyright © Chubu Electric Power Grid Co., Inc. All rights reserved

Utilization of Storage Battery System o

-Beneficial for Distribution System Operator- NI RECHEY

B Suppression of capital investment

v'By combining a naturally fluctuating power source such as PV and a
storage battery in mountainous areas and performing charge /
discharge control, off-grid is performed, equipment renewal costs and
maintenance costs might be suppressed, and resilience might be
strengthened.

Distribution Distribution line with long length of no-load part and a little load
feeder at the end

Installation Near the end of the distribution line
site (Load side of the no-load part)

Capacity that can supply load for several days

SBS capaclty  contract: ++kW (** A) and ** kWh?

4 Copyright © Chubu Electric Power Grid Co., Inc. All rights reserved.
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-Beneficial for Distribution System Operator- AN REHES

B Improvement of power quality

v'When the storage battery controls charging, it can also outputs
reactive power at the specified power factor to suppress the voltage
drop [constant power factor control].

Distribution
feeder
Installation  In the middle of distribution line

site (Load side from the part where thickening is required)

SBS The capacity which can afford to keep the line current less than
capacity rated capacity [***kWh (**A) class?]

Distribution line where storage batteries are interconnected

5 Copyright © Chubu Electric Power Grid Co., Inc. All rights reserved

Utilization of Storage Battery System o

-Beneficial for Distribution System Operator- NI RECHEY

B Improvement of power quality

v'By outputting reactive power from the storage battery, the voltage in
the distribution line that has risen due to power generation such as
solar PV is lowered as a whole.
[Reactive power direct command control]

Distribution Distribution line that requires reinforcement of distribution line such

feeder as thickening wire due to overload

Installation  In the middle of distribution line

site (Load side from the part where thickening is required)

SBS The capacity which can afford to keep the line current less than

capacity rated capacity [***kWh (**A) class?]

6 Copyright © Chubu Electric Power Grid Co., Inc. All rights reserved.
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-Beneficial for Distribution System Operator- AN REHES

®m Improvement of power quality

v'In order to suppress quick voltage fluctuations due to fluctuations in
solar PV generation, reactive power is controlled to keep the voltage
of the storage battery a constant level, voltage deviations and the
frequent SVR tap operations are reduced. [Target voltage constant
control].

Distribution Distribution line that requires reinforcement of distribution line such

feeder as thickening wire due to overload

Installation  In the middle of distribution line

site (Load side from the part where thickening is required)

SBS The capacity which can afford to keep the line current less than

capacity rated capacity [***kWh (**A) class?]

7 Copyright © Chubu Electric Power Grid Co., Inc. All rights reserved

Utilization of Storage Battery System o

-Beneficial for Distribution System Operator- NI RECHEY

B Improvement of power quality

v'By setting the average voltage in the past 10 minutes at the
interconnection point as a target and controlling the reactive power so
that the voltage at the interconnection point is kept within the dead
zone of the target voltage, the voltage deviation and the frequent SVR
tap operations are reduced. [Voltage fluctuation suppression control]

I N -

Distribution Distribution line that requires reinforcement of distribution line such

feeder as thickening wire due to overload

Installation  In the middle of distribution line

site (Load side from the part where thickening is required)

SBS The capacity which can afford to keep the line current less than

capacity rated capacity [***kWh (**A) class?]

8 Copyright © Chubu Electric Power Grid Co., Inc. All rights reserved.
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Utilization of Storage Battery System S

-Beneficial for Distribution System Operator- AN REHES

B Improvement of power quality

v'In a distribution line with a long length, a semi-off grid (shortening the
length) is performed to suppress flicker, etc. by combining a naturally
fluctuating power source such as a solar PV generator and a storage
battery and controlling charge / discharge.

Distribution Distribution line that requires reinforcement of distribution line such

feeder as thickening wire due to overload

Installation  In the middle of distribution line

site (Load side from the part where thickening is required)

SBS The capacity which can afford to keep the line current less than

capacity rated capacity [***kWh (**A) class?]

9 Copyright © Chubu Electric Power Grid Co., Inc. All rights reserved

Utilization of Storage Battery System S

-Beneficial for Distribution System Operator- NI RECHEY

2022/12/23

B Secure of adjustability

VIt is possible to suppress output fluctuations by PV and wind power
generation, by installing storage batteries in PV and wind power
plants and controlling charge and discharge.

Distribution
feeder
Installation  In the middle of distribution line

site (Load side from the part where thickening is required)

SBS The capacity which can afford to keep the line current less than
capacity rated capacity [***kWh (**A) class?]

Distribution line where storage batteries are interconnected

10 Copyright © Chubu Electric Power Grid Co., Inc. All rights reserved.
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-Beneficial for Distribution System Operator- AN REHES

B Secure of adjustability

vIs it possible to adjust supply and demand (suppress procurement
costs) by installing a storage battery in the system and controlling
charge / discharge as a power source for adjusting power (power
source for publicly offered adjustment power).

Distribution Distribution line that requires reinforcement of distribution line such

feeder as thickening wire due to overload

Installation  In the middle of distribution line

site (Load side from the part where thickening is required)

SBS The capacity which can afford to keep the line current less than

capacity rated capacity [***kWh (**A) class?]

11 Copyright © Chubu Electric Power Grid Co., Inc. All rights reserved

Utilization of Storage Battery System o

-Beneficial for Distribution System Operator- NI RECHEY

m Expansion of income

v'A business in which the generated power that is originally suppressed
is purchased cheaply from a power generation company connected as
non-firm contract, and the storage battery connected to the grid is
charged (discharged at night).

Distribution Distribution line that requires reinforcement of distribution line such

feeder as thickening wire due to overload

Installation  In the middle of distribution line

site (Load side from the part where thickening is required)

SBS The capacity which can afford to keep the line current less than

capacity rated capacity [***kWh (**A) class?]

12 Copyright © Chubu Electric Power Grid Co., Inc. All rights reserved.
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Sample of BESS Main Specifications

Ex1) Specifications of BESS (50 kW- 0.5 hour) N it e
|____ttems | Specifications__] _____Remarks _|

14

Configuration

Function

Container
Battery panel

PCS

Distribution panel

Multi-meters

Power leveling

Manual charge /
discharge

Body: Aluminum, Basement: Steal structure

Battery panel, PCS panel, distribution panel, Air conditioner required

etc. contained

Li-ion secondary battery: 26kWh Installation in a container
Installation in a container

50kW 3¢p400V Complying with interconnection
code (JEAG9701)

3400V

Leveling controller included Installation in a container
Multi-meters for measuring BESS output

Installation in a target point such
as mass solar PV generators

Leveling rapid output fluctuation of solar PV Ex) suppression from 43kW/s to

SPP output measuring

generation 0.05kW/s
Protection of charging / discharging excess Constant voltage / constant
of storage battery current

Reference: "AICHI ELECTRIC CO.,LTD." All rights reserve d
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Ex1) Configuration of BESS N o s
AR MECHEY
Batter
' 50 kw PCS s
panel l l |
— ot S it D e P T y
% M / 1
| 3 TE Iy I |
E g : !
: | g i 2 |
20313 3 H ] X
g5 |6 o Converter 8 »
£E2 (818 e signa Onloff state e )
£ 1} monioring, y |
ss On command ]
. £ - s
Li-ion 59 Synchro voltage {':‘ ] |
2ndary L Controller Power for co e ¢ s | ¢ S —ve— |
battery | Powerfor | |
4 I ! control
26kWh J “ ‘[ " Operating, standby, gid Wrouble, device trouble x I
b — R {
I [Measuved value | operating 0";’;3”" Operation approval __ 11
or trouble state Device trouble | |  Recovery Data communication (RS-485) Controller
- System trouble.
Digital display < Operation switch Output voltage command, charglng
- , “Lamp display voltage/current command, measured J 1
value, trouble item, trouble history {) , H
Lo — Veasured value Operating Operation
Data signal contact signal or trouble state | | Device trouble Stop {
To Storage || Recovery i
Baltery (gattery state, charging rate, etc) | oigtatdspay | | [ Do |
Lamp display  Operation switch I
Syslem Ievellng controller H
. |

15

Ex1) Specification of Storage Battery

Guparight & CHOBU Elae

Reference: “AICHI ELECTRIC CO..LTD." All rights reserved

e Pamar Ca lrz AN Mighvi Baereed

95—

Type

Capacity (kW)
String configuration
Nominal voltage

Voltage range

Size

Storage battery panel g

Weight
Management

Cell number
Rated capacity (kWh)

Rated capacity (Ah)

77

77

a
.‘—-—’7/7,

+

Drawing of LiB Storage Battery

16

777

Nominal voltage

Battery module &%

Charging voltage

Lithium-ion
secondary cell

26 kWh

1 module x 13 series
DC 665.6V

DC 559~728 V

800 W x 800 D x
1,900 H

Approx. 800 kg

2 kWh x 13 modules

=51.2V x 13 series

Battery management
system attached

224 cells 16 series x 14 parallels
2 kWh =51.2V x 39.5Ah
= 2.85 Ah x 14 parallels

AR EERERERERRRRERRDR
DC51.2V =3.2V x 16 series
56.0 V

Reference: AICHI ELECTRIC CO..LTD
Guparight § GHOBU Elacinc Pawar Co_dnc A8 Bighi Saserved
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Ex1) Specifications of Power Conditioning System

______tems | specifications _|

1l
Al

]
il

Drawing of PCS Panel

Type of rating
Rated input voltage
Acceptable input voltage
Input voltage operating range
Rated output voltage
Rated frequency
Electrical system

Output voltage operating
range

Rated output
Power conversion efficiency
Output power factor
Output current distortion factor

Output current harmonics
content rate

Size
Weight

aparighi ©

Ex1) Specifications of Distribution Panel

Specifications

(o

aladalie

"Lﬁus..

Fler =P

AN MHEY

Continuous
DC 500 V

DC 750 V

DC 420~750 V
AC 400 V
50/60 Hz

Three-phase three-wire system
AC 400 V £ 10%

50 kw

94% or more (at maximum)
0.95 or more

5% or less (at rated output)

3% or less in each phase
(at rated output)

800 W x 800 D x 1,700 H
570 kg

Reference: *AICHI ELECTRIC CO..LTD." All rights reserved

CHUEL Elecine Pawar Ca_Jre A Sighi Boyereed

Type of rating Continuous
Rated capacity 60 kVA

Rated voltage AC 400 V
Rated frequency  50/60 Hz

Electrical system
Operation switch

Indicator lamp

Operation/display
panel

Size

18

H00 - =

-

Drawing of Distribution Panel

Weight

Remarks

Three-phase three-wire system

Operation/Stop, emergency stop,
failure recovery, etc.

Operation/stop, failure, etc.

Touch panel liquid crystal display,
Displaying solar PV output,
storage battery output, etc.

900 W x 800 D x 1,700 H

350 kg

Leveling controller and
communication software included
in advance

Reference and Copyright © *AICHI ELECTRIC CO.,LTD." All rights reserved
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Ex1) Specification of Container AABON HED
Jme
" ] Environment Salt resistant, Snow resistant of 1 m
¥ conditions
Distri- Storage OUter panel Aluminum
PCS bution battery . . q a
panel panel 3 Exterior palnt Fluororesin coatlng
A A a (= . .
pmmmmmmmnaneg £ Thermal insulation ~ Polystyrene foam
! Space for air 1 =N . .
-------- y _conditioner | e Steel structure (Hot-dip galvanized
1 Base frame -
finish)
Drawing of Container Basement (Floor)  Steel, Underfloor thermal insulation
Cable inlet Lower assumed
Size 3,700 W x 2,300 D x 2,900 H
Weight 3,000 kg
Others plstrlbutlon panel for home, Indoor
light, Power outlet
Air conditioner required
Remarks
Easy to assemble
19 pparight © CHUAL Elecinc Pamar Ca lre &8 Sighi Sesered

2022/12/23

Application for Grid Interconnection
of BESS
with Documents and Drawings

20

10


https://www.n-koei.co.jp/
https://www.n-koei.co.jp/

Application Form for Grid Interconnection of Storage Battery System
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Location of whole equipment

Copyright © CHUBU Electric Power Co.,Inc. All Right Reserved.

Layout of whole equipment

Copyright © CHUBU Electric Power Co.,Inc. All Right Reserved.
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Main specification list for manufacturing (1)

25 Copyright © CHUBU Electric Power Co.,Inc. All Right Reserved.
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Main specification list for manufacturing (2)
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Schematic single line diagram of whole equipment

Copyright © CHUBU Electric Power Co.,Inc. All Right Reserved.
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Schematic single line diagram of AC output circuit
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Schematic single line diagram of PCS circuit

Copyright © CHUBU Electric Power Co.,Inc. All Right Reserved.
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Schematic single line diagram of IGBT unit
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Schematic single line diagram of LC filter

Copyright © CHUBU Electric Power Co.,Inc. All Right Reserved.
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Single line diagram of Interlock

B 1

Assembly drawings of switchgear and transformer

Copyright © CHUBU Electric Power Co.,Inc. All Right Reserved.
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List of grid protection setting
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”[Facility measures required for interconnection]‘

-

—E Common Issues }—
-

Electric mode
Power factor

Harmonic

-

Requirements for
interconnection

Protection coordination
Voltage fluctuation

~

Concept of with LV lines Short circuit capacity
isolated C
. ontact system
operation L )
prevention /P - i N
Requirements for rotection coordination
|| interconnection Limitation of reverse
Glossary with MV lines | [Power flow
Voltage fluctuation
Short circuit capacity
\ I Eontact system y)
39 Copyright ® Chubu Electric Power Co., Inc. All rights reserved
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Requirement for Interconnection Condition A

Interconnection Condition

Necessary Facility

Protection coordination
Voltage fluctuation
Short circuit capacity
Harmonics

Contact system, etc.

Incoming panel
Disconnection switch
Switchgear

Booster transformer
Metal clad panel
Distribution panel, etc.

11 or 33 kV feeder

’

1

1

|

1 |Primary

1 |Transformer

|

S I b

GSS

Customer
loads
without
rooftop PV

40

Customer
loads

with rooftop o»
b

Rooftop PVs

Large VRE
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Requirement for Safe and Stable Supply Reliability in Sri Lanka  jmpaw e

m Allowable Voltage range BREESSIIEI) Contingency

®33/36 kV 33/36 kV -6% ~ +6% -10% ~ +10%
®11/12 kV 11/12 kV -6% ~ +6% -10% ~ +10%
©230/400 V 230/400 V -6% ~ +6% -10% ~ +10%

Facility Loading rate criteria

70% for economy
125% for emergency

Distribution substation 80% for normal
?% for emergency

H Replacement Distribution line
due to overload

Primary substation
125% for overloading
® Harmonics When installing the inverse converter (inverter), set the
@ Total harmonic outflow current to the followings.

- Total current distortion: 5% or less

® Each . .
- Each current distortion: 3% or less

41 Copyright © Chubu Electric Power Co., Inc. All rights reserve. d
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Appearance of a Storage Battery System N it

Incoming Panel A

43 Copyright © Chubu Electric Power Co., Inc. All rights reserved

Inside of Container of Test Facilities Py

Battery

Control system
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Pilot Project for Load Fluctuation Suppression A

How to control a storage battery system by charging/discharging and suppress output
power/voltage fluctuation due to short cycle fluctuation of VRE output power

*% kV, ** km

Section switch

Control of 5
battery against\\

power/voltage %\ & PCS,
fluctuation NS DC-PS, etc.
¥ ,_~¥7 Command of .
Battery == charge/discharge Battery&
system - Weather data
controller Action status near PV sites
Weather data [Insolation amount, etc.]
Image of a Pilot Project to suppress load fluctuation
45 Copyright ® Chubu Electric Power Co., Inc. All rights reserved

Storage Battery System for Load Fluctuation Suppression A

2022/12/23

:,— """""" N X (or 33) kV feeder e

i Primary g 1
! [Transformer

| ess ©

Customer

loads loads
without with rooftop & PV ( > 42 kVA)
rooftop PV PVs @
Storage Battery System Rooftop PVs Large VRE
No. Component Note
1 | Storage battery Li-ion, NaS, Redox flow, Ni-MH, etc.
2 | PCS AC/DC converter, Protection device, Circuit breaker, etc.
3 Battery system controller To monitor and control power(current)/voltage
4 | Ancillary equipment DC power source, UPS, Distribution panel, etc.
5 | Container To store the whole equipment
6 | Incoming panel Booster transformer, Metal clad panel, distribution panel, etc.
46 Copyright ® Chubu Electric Power Co., Inc. All rights reserved
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By monitoring the output power/voltage changes due to mass VRE in a distribution grid and
by charging and discharging the power from the storage battery in response to the detected
output power/voltage changes, the changes in the power/voltage are suppressed.

47

Load fluctuation suppression test (Tentative)

Test term

From May to July in 2022

Test place

k% x

¥Rk PSS, *¥* KV *** feeder (Max. demand: ***MW)
*** city, *** Division, *** Province, Sri Lanka

Test facility

Power conditioning system (** kVA)
Li-ion Battery (** kWh), etc.

Test target

To be selected based on the priority matters in Sri Lanka.
« Keep voltage in an allowable range
» Suppress short-cycle output power fluctuation
« Improve low voltage in a remote area
* Prevent excess of peak reverse power flow
« Control voltage to a target value
» Shift peak load
« Forecast PV generation, etc.

Copyright © Chubu Electric Power Co., Inc. All rights reserved

Plan of Pilot Project Preparation (Tentative) :m{m;;
Schedule
(Tentative) 20 Q |23(v)dio ahQ | 13Q | 2 202:"‘0 4hQ | 1tQ | 2 202310 4hQ 132

Selection of a pilot site * Site isit
Preparation of facility spec. T % [Submigsion
Planning and simulation
Procurement and Construction Site prejparatiop ! * Adjlistment test
Field test =D
Evaluation =
Preparation
No. EPC, etc. Contents Main

1 | Engineering Planning, scheduling, coordination of system interfaces, etc. JICA expert

2 | Procurement Transportation, Import, Material handling, etc. JICA expert

3 | Installation Construction for interconnection, wiring, grounding, basement, etc. CEB

4 | Communication | Infrastructure of data communication NW (Existing, OPGW, etc.) CEB

5 | Maintenance CEB

48
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Technical Report on

BESS Installation in Distribution Network
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Technical Reports on BESS Installation in MV/LV Distribution Grid (1)

Chapter and verse

Simone Barcellona, Luigi Piegari, Economic viability for residential battery IET Renew. Power Gener.,
Vincenzo Musolino, Christophe storage systems in grid-connected PV plants 2018, Vol. 12 Iss. 2, pp. 135-
Ballif 142

Carlos Mateo, Javier Reneses, Cost-benefit analysis of battery storage in IET Gener. Transm. Distrib.,
Andrea Rodriguez-Calvo, Pablo medium-voltage distribution networks 2016, Vol. 10, Iss. 3, pp. 815-
Frias, Alvaro Sanchez! 821

Yongxi Zhang, Shuyun Ren, Zhao Optimal placement of battery energy storage in IET Gener. Transm. Distrib.,
Yang Dong, Yan Xu, Ke Meng, Yu distribution networks considering conservation 2017, Vol. 11 Iss. 15, pp.

Zheng voltage reduction and stochastic load 3862-3870
composition
Joydeep Mitra Reliability-Based Sizing of Backup Storage IEEE Transactions on Power

Systems, 2010, Vol. 25, Iss. 2,
pp.1198-1199

Luis Gutierrez-Lagos, Kyriacos Quantifying the effects of medium voltage-low  IET Gener. Transm. Distrib.,
Petrou, Luis Fernando Ochoa voltage distribution network constraints and 2021, Vol.15, pp. 2019-2032.
distributed energy resource reactive power
capabilities on aggregators

Lei Huang, Zexin Chen, Qiong Cui,  Optimal planning of renewable energy source  J. Eng., 2019, Vol. 2019 Iss.
Jiyuan Zhang, Hao Wang, Jie Shu and energy storage in a medium- and low 16, pp. 2354-2361
voltage distributed AC/DC system in China
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Chapter and verse

Jun Xiao, Zequn Zhang, Linquan
Bai, Haishen Liang

Mikaeel Ahmadi, Mohammed
Elsayed Lotfy, Abdul Motin
Howlader, Atsushi Yona, Tomonobu
Senjyu

Qingwu Gong, Yubo Wang, Jintao
Fang, Hui Qiao, Dong Liu

Obinna Unigwe, Dahunsi Okekunle,
Aristides Kiprakis

Anh Thi Nguyen, Surachai
Chaitusaney, Akihiko Yokoyama

51

Technical Reports on BESS Installation in MV/LV Distribution Grid (3)

Determination of the optimal installation site
and capacity of battery energy storage system
in distribution network integrated with
distributed generation

Centralised multi-objective integration of wind
farm and battery energy storage system in
real-distribution network considering
environmental, technical and economic
perspective

Optimal configuration of the energy storage
system in ADN considering energy storage
operation strategy and dynamic characteristic

Smart coordination schemes for multiple
battery energy storage systems for support in
distribution networks with high penetration of
photovoltaics

Optimal strategies of siting, sizing, and
scheduling of BESS: Voltage management
solution for future LV network

IET Gener. Transm. Distrib.,
2016, Vol. 10, Iss. 3, pp. 601-
607

IET Gener. Transm. Distrib.,
2019, Vol. 13, Iss. 22, pp.
5207-5217

IET Gener. Transm. Distrib.,
2020, Vol. 14, Iss. 6, pp. 1005-
1011

ET Gener. Transm. Distrib.,
2019, Vol. 2, Iss. 3, pp. 347-
354

IEEJ Transactions on

Electrical and Electronic
Engineering, 2019, Vol. 14, Iss.
5, pp. 694-704
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Chapter and verse

Kohei Murakami, Shinya Yoshizawa,
Hideo Ishii, Yasuhiro Hayashi,
Hiroshi Kondo, Yuki Kanazawa,
Hideo Nomura, Takuya Kajikawa

Songpakit Kaewniyompanit,
Hideharu Sugihara, Kiichiro Tsuiji,
Toshihisa Funabashi, Yoshimichi
Okuno, Takanori Hayashi

loannis Lampropoulos, Panagiotis
Garoufalis, Paul P.J. van den Bosch,
Wil L. Kling

Sachin Sharma, Khaleequr
Rehman Niazi, Kusum Verma,
Tanuj Rawat

Riad Chedid, Ahmad Sawwas

52

Dynamic Optimization of SVR Control
Parameters for Improving Tap Operation
Efficiency of Voltage Control in Distribution
Networks

Maximum potential of PV installation based on
an energy system planning model considering
a distribution voltage constraint

Hierarchical predictive control scheme for
distributed energy storage integrated with
residential demand and photovoltaic
generation

Impact of battery energy storage, controllable
load and network reconfiguration on
contemporary distribution network under
uncertain environment

Optimal placement and sizing of photovoltaics
and battery storage in distribution networks

IEEJ Transactions on
Electrical and Electronic
Engineering,2021, Vol. 16, Iss.
1, pp. 67-77

IEEJ Transactions on
Electrical and Electronic
Engineering, 2009, Vol. 4, Iss.
2, pp. 257-268

IET Gener. Transm. Distrib.,
2015, Vol. 9, Iss. 15, pp. 2319-
2327

IET Gener. Transm. Distrib.,
2020, Vol. 14, Iss. 21, pp.
4719-4727

Energy Storage. 2019;1:e46.
https://doi.org/10.1002/est2.46
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Chapter and verse
Shohana Rahman Deeba, Rahul Evaluation of technical and financial benefits of IET Gener. Transm. Distrib.,
Sharma, Tapan Kumar Saha, battery-based energy storage systems in 2016, Vol. 10, Iss. 8, pp. 1149-
Debraj Chakraborty, Andrew distribution networks 1160
Thomas
Mahfuz A. Shuvra, Badrul Reconfigurable and flexible voltage control IET Smart Grid, 2020, Vol. 3,
Chowdhury strategy using smart PV inverters with Iss. 1, pp. 22-30
integrated energy storage for advanced
distribution systems
Bo Zhao, Caisheng Wang, Xuesong Techniques for Mitigating Impacts of High- Grid-Integrated and
Zhang Penetration Photovoltaics Standalone Photovoltaic

Distributed Generation
Systems: Analysis, Design,
and Control, 2017
https://doi.org/10.1002/978111

9187349.ch9
Om Prakash Mahela, Baseem Khan, Harmonic mitigation and power quality IET Power Electron., 2021,
H. H. Alhelou, Sudeep Tanwar, improvement in utility grid with solar energy 14:912-922.
Sanjeevikumar Padmanaban penetration using distribution static https://doi.org/10.1049/pel2.12
compensator 074
Brendan Banfield, Duane A. Comparison of economic model predictive IET Smart Grid, 2020, Vol. 3,
Robinson, Ashish P. Agalgaonkar control and rule-based control for residential Iss. 5, pp. 722-729
energy storage systems
53 Copyright ® Chubu Electric Power Co., Inc. All rights reserved
Abstract of Technical Report (1) ..’ EHuge

Economic viabilitz for residential BESS in grid-connected PV Elants O FELEY

Today's residential battery energy storage systems (BESSs) are off the shelf
products used to increase the self-consumption of residential photovoltaic (PV)
plants and to reduce the losses related to energy transfer in distribution grids.
This work investigates the economic viability of adding a BESS to a residential
grid-connected PV plant by using a methodology for optimizing the size of the
BESS. The identification of the optimal size which minimizes the total cost of
the system is not trivial; indeed, it is a trade-off between OPEX and CAPEX,
which are mainly affected by the battery technology, usage profile, expected
lifetime, and efficiency. Here, an analysis of the opportunity to install a storage
system together with a grid-connected residential PV plant is performed. Three
typical low-voltage prosumers (ltaly, Switzerland, and the UK) are investigated
in order to take into account the different legislative and tariff framework over
Europe. Numerical results reported here show that present costs of storages
are still too high to allow an economic convenience of the storage installation.
Moreover, an indication of the necessary incentives to allow the spreading of
these systems is given.

54 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Abstract of Technical Report (2)

The increasing deployment of non-dispatchable generation in electric systems
where generation and demand must be balance d at all times has led to a
renewed interest in technologies for energy storage. This study presents a
cost—benefit analysis of energy storage for peak demand reduction in medium -
voltage distribution networks. In particular, the installation of batteries in
secondary substations is studied for three realistic large-scale networks
representing urban, semi-urban and rural distribution areas. On the one hand,
savings in energy costs derived from storing energy at low-priced hours and
selling it at peak hours are considered. On the other hand, savings in network
reinforcement due to the peak shaving are evaluated. Network reinforcement
requirements are assessed using reference network models, large-scale
network-planning tools often used by distribution regulators to establish the
allowed distribution costs. Additionally, sensitivity to different demand growth
ratios and battery capacities is analyzed. The final objective is to determine the
target cost for batteries to be profitable from the point of view of distribution.
Results show that significant savings can be obtained, especially in urban and
semi-urban areas.

Copyright ® Chubu Electric Power Co., Inc. All rights reserve

Abstract of Technical Report (3) ’
LHUZ

Optimal placement of battery energy storage in distribution networks A et .

considering conservation voltage reduction and stochastic load comeosition

Deployment of battery energy storage (BES) in active distribution
networks (ADNs) can provide many benefits in terms of energy
management and voltage regulation. In this study, a stochastic
optimal BES planning method considering conservation voltage
reduction (CVR) is proposed for ADN with high-level renewable
energy resources. The proposed method aims to determine the
optimal BES sizing and location to minimize the total investment
and operation cost considering energy saving achieved by CVR,
while satisfying system operational constraints in the presence of
stochastic renewable power generation. The uncertainty of load
composition is also modelled through scenario analysis. The
proposed planning scheme is tested in a modified IEEE 15-bus
system and 43-bus radial system, respectively. The numerical
results validate that the combination of CVR and BES can achieve
more energy savings.
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Abstract of Technical Report (4) ¥
Reliability-Based Sizing of Backup Storage :wm;;n";.

This letter describes an analytical approach to determining the
size, in terms of both power and energy capacity, of a backup
storage unit in such a way as to meet a specified reliability target.
The backup could be in the form of electrical energy storage or
fuel storage. The proposed approach might benefit facilities that
require high levels of reliability in their electric supply.

Copyright ® Chubu Electric Power Co., Inc. All rights reserve

Technical Report (5) 7
LHUZ

Quantifying the effects of medium voltage—low voltage distribution network constraints and " fceifee.
distributed energy resource reactive power capabilities on aggregators NP RECEY
_——W W e

Distributed energy resources (DER), such as, photovoltaic systems and batteries, are
becoming common among households. Although the main objective is reducing
electricity imports (bills), they could also provide system-level services via an aggregator.
However, the more DER provide services, the more important is ensuring that the
corresponding operation does not result in network issues. To help DER aggregators
understand the implications of network constraints, an AC optimal power flow-based
methodology is proposed to quantify the effects that three-phase low voltage (LV) and
medium voltage (MV) network constraints can have on the volume of services that can
be provided for a given horizon, and the potential benefits from using DER reactive
power capabilities. Using a convex multi-period formulation that avoids binary variables
for batteries and incorporates voltage-dependent load models, the methodology
maximizes DER exports (services) for service-related periods and household self-
consumption for other periods (reducing bills). Different service periods are assessed to
explore the extent of services throughout the day. Results using a realistic UK MV-LV
network with 2400+ households, show that aggregator services can be highly
overestimated when neglecting MV-LV network constraints, are influenced by voltage-
demand load characteristics, and that exploiting DER reactive power capabilities can
significantly unlock further services.
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Technical Report (6) 7
LHUZ

Optimal planning of renewable energy source and energy storage in a medium- and low ~ g* FER..
voltage distributed AC/DC system in China AP REHEY

As the quantity of DC load and distributed generation system increases in
China, AC/DC distribution system is arousing more and more research interest
for its high-efficiency distribution ability. In this study, the optimal size and
location of renewable energy source (RES) and energy storage in a medium-
and low-voltage distributed AC/DC system is studied. A modelling method for
the optimisation of such hybrid AC/DC system is developed. The objective of
the proposed optimization method is to minimise the life cycle cost of the
system with consideration of the life span of RES. The planning method is
based on energy balances and constraints of system operation. The utility
requirements and subsidy in China for such system are also considered in the
planning process. The method is demonstrated in a 10 kV and low-voltage
distributed AC/DC system considering installing photovoltaic system, wind
turbines, and electric storage system. The provided results indicate that the
method is effective and applicable for the optimisation of the size and location of
RES in distributed AC/DC system.

Copyright ® Chubu Electric Power Co., Inc. All rights reserve

Abstract of Technical Report (7)

Determination of the optimal installation site and capacity of battery energy storage p’l‘.“.ﬂfr-.....
system in distribution network integrated with distributed generation AP FEHEY

The presence of distributed generation (DG), represented by photovoltaic
generation and wind generation, brings new challenges to distribution
network operation. To accommodate the integration of DG, this study
proposes a bi-level optimisation model to determine the optimal installation
site and the optimal capacity of battery energy storage system (BESS) in
distribution network. The outer optimisation determines the optimal site and
capacity of BESS aiming at minimising total net present value (NPV) of the
distribution network within the project life cycle. Then optimal power flow
(OPF) and BESS capacity adjustment are implemented in the inner
optimisation. OPF optimises the scheduling of BESS and network losses. On
the basis of optimal scheduling of BESS, a novel capacity adjustment method
is further proposed to achieve the optimal BESS capacity considering battery
lifetime for minimising the NPV of BESS. Finally, the proposed method is
performed on a modified IEEE 33-bus system and proven to be more
effective comparing with an existing method without BESS capacity
adjustment.
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Abstract of Technical Report (8) 7

Centralised multi-objective integration of wind farm and battery energy storage systemin  g* k...

real-distribution network considering environmental, technical and economic perspective At et
e

Integration of renewable energies such as wind and solar with an energy
storage system (ESS) in a distribution network is the interest of current studies
in power system engineering. Wind and battery ESS (BESS) are known for their
complement and efficient approaches into the distribution networks. The
promising of renewable energies for wind and solar in Afghanistan is a
motivation for stepping up the power sector of the country by enhancing the
power quality as well as self-dependency in electricity production. In this study,
a multi-objective optimisation technique, non-dominated sorting genetic
algorithm 11 (NSGA-II) is proposed for an extensive distribution network in Kabul
city considering technical, environmental, and financial control schemes for the
network improvement. Three different scenarios with various objective functions
are deemed to evaluate their impact on decision variables and network
parameters. Furthermore, optimum allocation of the wind turbine and
charge/discharge scheduling of BESS are revealed with improvement in
performance of the power system. Simulations are deployed in MATLAB® with
its application on developed 162-bus real-distribution network to demonstrate
the effect of different objective function arrangements in each scenario as well
as confirming the robustness of the proposed approach.

Copyright ® Chubu Electric Power Co., Inc. All rights reserve

Abstract of Technical Report (9) 7
Smart coordination schemes for multiple battery energy storage systems for support in [ e B
distribution networks with high penetration of photovoltaics AP FEHEY

The use of battery energy storage system (BESS) is one of the methods
employed in solving the major challenge of overvoltage, experienced on
distribution networks with high penetration of photovoltaics (PV). The
overvoltage problem limits the penetration levels of PV into the distribution
network, and the benefits that could be gained. This study presents three
loosely-related schemes for the coordination of multiple BESSs in such
networks. Through the efficient selection, coordination and timing of charge
and discharge operations of the BESS, the scheme maintains bus voltages
within statutory ranges during periods of high PV power generation and high
network load demand. Network segmentation was used in two of the
schemes to encourage more even utilisation of the BESS in order to
maximise the economic benefits of the BESS. The algorithms for the
schemes were implemented and demonstrated on two different distribution
networks. Simulation results showed that the schemes met the objectives of
mitigating overvoltage and more even cycling of the BESSs during their
operating lifetimes.
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Abstract of Technical Report (10) 7
Optimal configuration of the energy storage system in ADN considering energy storage R s
operation strategy and dynamic characteristic AN BECHEY

To meet the needs of energy storage system configuration with distributed
power supply and its operation in the active distribution network (ADN),
establish the dynamics of the all-vanadium redox flow battery energy storage
system (BESS). On this basis, an energy storage operation of ADN strategy
is proposed to stabilise the power fluctuation of the system. The energy
storage configuration model with optimising objectives such as the fixed cost,
operating cost, direct economic benefit and environmental benefit of the
BESS in the life cycle of the energy is constructed, and the energy storage
installation capacity, power and installation position are used as decision
variables, which are solved by the dynamic programming algorithm. On the
basis of case 33 and case 69 node examples and typical daily load and
distributed generations output curve, the simulation analysis is carried out to
obtain the optimal configuration result. At the same time, the system tie-line
power and the dynamic characteristics of the energy storage system before
and after the installation of the energy storage device are obtained. The
simulation results show the validity of the model.

Copyright ® Chubu Electric Power Co., Inc. All rights reserve

Abstract of Technical Report (11) ’
Optimal strategies of siting, sizing, and scheduling of BESS: Voltage management solution gs* fi%k...
for future LV network AP FECHEY

With the object of reducing CO, emission and the reliance on fossil fuels,
solar power generation has received special support and is being deployed
rapidly in many distribution networks. Battery energy storage system (BESS),
an effective voltage management solution for low-voltage (LV) networks to
deal with the high penetration of rooftop photovoltaic (PV) systems, is
investigated in this paper considering the degradation of BESS due to aging.
Two optimal strategies of BESS cost minimization are proposed for long-term
planning and operation planning, where the utility is the BESS owner. As for
the long-term planning, a strategy for siting and sizing of BESS is formulated
based on the characteristics of the network, typical load, and PV generation
profiles. Then, for the operation planning, schedules of BESSs and their cost
estimation are provided based on the load and PV generation forecasts of 1
day ahead. The effectiveness of the proposed methods is demonstrated on
the simplified network of the Metropolitan Electricity Authority, Thailand, using
MATLAB (Natick, Mssachusetts, USA) 2016a and MATPOWER 6.0. © 2019
Institute of Electrical Engineers of Japan. Published by John Wiley & Sons,
Inc.
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Abstract of Technical Report (12) 7
Dynamic Optimization of SVR Control Parameters for Improving Tap Operation Efficiency g" fitiae..

of Voltage Control in Distribution Networks AR HECHEY
—_— 0 L LU -

In this study, we propose a new optimization method to determine the control
parameters of a step voltage regulator (SVR) to maximize its voltage control
characteristic in distribution networks (DNs) with photovoltaic systems.
Considering the service life of an SVR, the proposed method evaluates the
expected number of tap operations and the voltage control performance based on
the past voltage measurements obtained with sensors in the DN. Subsequently,
the time series of two control parameters, that is, the reference voltage and the
dead bandwidth, are determined for the most improved voltage control
characteristic of the SVR, maintaining the number of tap operations within the
upper limit. Voltage control simulation using a realistic 6.6-kV DN model is
conducted to show that the proposed method significantly reduces the voltage
violation compared with the conventional SVR control using fixed parameters, as
well as the alternative SVR operation developed in our previous study, in which the
reference voltage was temporally updated. In addition, the simulation results
demonstrate that the proposed method realizes efficient tap operations to mitigate
the voltage violation, whereas the conventional method requires a much larger
number of tap operations to mitigate the voltage violation to the same degree. ©
2020 Institute of Electrical Engineers of Japan. Published by Wiley Periodicals LLC.
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Abstract of Technical Report (13) 7
Maximum potential of PV installation based on an energy system planning model [ e B

considering a distribution voltage constraint AP FEHEY
_——W W e

As the key solution for energy sustainability this decade, the growth of installing
photovoltaic (PV) systems has dramatically increased. However, the high penetration
of PV systems can cause a voltage variation problem in a distribution grid. This
paper proposes a model for evaluating the maximum potential for installing PV
systems in an urban area under a bus voltage constraint. A PV system is considered
as an energy system alternative that replaces a conventional system. Regarding the
power variation, it is necessary to add a parameter that is used to evaluate the
variation of PV systems in terms of a standard deviation to the PV systems' electric
load curve. The installations of PV and conventional systems are determined as
share solutions for each load area along a distribution network. Total power loads
and variations in each load area are input to a load flow calculation to obtain each
bus voltage and confirm the voltage constraint. Finally, the total PV system
installations over the whole network area is maximized. The alternative PV system
with battery installation is introduced to validate the model evaluation when
comparing with a typical PV system without a battery, which has larger power
variation. Furthermore, adjusting the sending voltage at a substation to increase the
PV installation is validated using the proposed model. Copyright © 2009 Institute of
Electrical Engineers of Japan. Published by John Wiley & Sons, Inc.
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Abstract of Technical Report (14)

Hierarchical predictive control scheme for distributed energy storage integrated with p".r.“.ﬂfr\....

residential demand and photovoltaic generation AN FOEY
—_— 0 L LU -

A hierarchical control scheme is defined for the energy management of a
battery energy storage system which is integrated in a low-voltage distribution
grid with residential customers and photovoltaic installations. The scope is the
economic optimisation of the integrated system by employing predictive
control techniques. The approach is based on hierarchical decomposition of
the optimisation problem in the time domain by composing a three-level
scheduling and control scheme, that is, day-ahead, intra-hour, and real-time,
where the initial and final states of each sub-problem are chosen as
coordination parameters. The day-ahead and the intra-hour problems address
the interactions with electricity markets during the scheduling phase. The real-
time algorithm is able to adapt the operation of the battery system according
to updated information about market conditions, residential demand, and local
generation, and subject to the network capacity and other technical
constraints. The simulation scenarios address the interactions with the day-
ahead auction and the imbalance settlement system in the Netherlands.

Copyright ® Chubu Electric Power Co., Inc. All rights reserved

Abstract of Technical Report (15)

Impact of battery energy storage, controllable load and network reconfiguration on p’l‘.“.ﬂfr-.....

contemporary distribution network under uncertain environment AP FEHEY
_——W W e

The design of future distribution systems involves the application of flexible
technologies such as renewable-based distributed generations (DGs), battery energy
storage systems (BESSs), demand response for controllable load management and
distribution network reconfiguration for achieving assets optimisation and for improving
the efficiency of the distribution systems. The renewable-based DGs are the source of
uncertainty that can be overcome by the proper modelling of renewable resources and
application of energy storage devices. However, the coordination of these flexible
technologies is essential to avoid counterproductive results and to extract maximum
possible benefits from these technologies. This work, therefore, aims to study the
coordinated impact of controllable load with renewable-based DGs, BESSs and
network reconfiguration for improving the performance of distribution systems. The
coordination of these technologies is a very complex optimisation problem due to
various constraints associated with charging and discharging of BESSs, complex
nature of controllable load management and feeder current limits of distribution
network. In this study, an improved water evaporation optimisation algorithm is
developed to solve this multi-constraint complex optimisation problem to minimise the
network loss and voltage profile improvement for distribution system. The results show
that this coordinated operational problem significantly improves the performance of
distribution systems.
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Abstract of Technical Report (16)
Optimal placement and sizing of photovoltaics and battery storage in distribution networks

A two-step optimization approach is proposed to study the effects of adding a
battery energy storage system (BESS) to a distribution network incorporating
renewable energy sources. In this article, the first step finds the optimal size
and placement of the photovoltaic (PV) arrays that lead to the lowest possible
losses, cost and voltage deviation from the reference bus, while the second
step starts by performing another optimization in order to find the optimal size
and placement of the BESS that lead to a further reduction in the same
objectives. The optimized Grid-PV and Grid-PV-BESS configurations are
subjected to a time domain power flow so that the annual energy losses and
voltage profile of each bus can be observed. The article provides a novel
formulation that treats the problem as a multi-objective optimization and uses
the Genetic Algorithm technique to reach optimal configuration in both steps.
An Institute of Electrical and Electronic Engineers 13-Bus test feeder is used
to demonstrate the usefulness of the proposed technique.

Copyright ® Chubu Electric Power Co., Inc. All rights reserve

Abstract of Technical Report (17) 7
Evaluation of technical and financial benefits of battery-based energy storage systemsin  g" fiae..
distribution networks AP FECHEY

Prompted by technical issues that have arisen due to the widespread
deployment of distributed intermittent renewable generators, rapidly rising
peak demand and reductions in battery price, the use of battery-based energy
storage systems in power networks is on the rise. While battery-based energy
storage has the potential to deliver technical benefits, the best possible sizing,
location and usage govern the financial viability. The objective of this study is
twofold. Firstly, a generalised approach is proposed to model network
upgrade deferral as a function of load growth rate, renewable generation
penetration and peak shave fraction. This model is then used for the
formulation of an optimisation problem which benefits from multi-period power
flow analysis to co-optimise battery size, location, charge/discharge profile for
a pre-specified number of units to be deployed in a given distribution network.
The proposed approach is implemented using the generic algebraic modelling
system platform and validated on an Australian medium voltage distribution
network under multiple practical and potential future scenarios.
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Abstract of Technical Report (18)

Reconfigurable and flexible voltage control strategy using smart PV inverters with ..-".r.“.ﬂf;....

integrated energy storage for advanced distribution systems AR HECHEY
—_— 0 L LU -

A novel circuit topology is proposed for utility-owned photovoltaic (PV)
inverters with integrated battery energy storage system (BESS) and
compared to two state-of-the-art configurations. The proposed topology offers
flexibility and can be applied to a range of distribution networks for tight
voltage regulation. During BESS maintenance, the solar-storage system
reconfigures itself for a self-run mode of operation, and actively compensates
high penetration induced voltage fluctuation without activating overcurrent
protection of the inverter, which is an added advantage of this strategy. This
advantage is achieved by slightly increasing the inverter size to reserve a
portion of inverter's current-carrying capability. A dynamic model of the new
configuration is also developed to analyse its performance in providing fast
response for high ramp up/down solar irradiance variation. As the proposed
control strategy is implemented at the device level, the local voltage
regulation is quite guaranteed to be in the permissible range. Results from the
analysis performed on a modified IEEE 33 bus medium voltage distribution
network with multiple inverters show evidence that the proposed strategy has
the potential to mitigate voltage fluctuation in several extreme cases.

Copyright ® Chubu Electric Power Co., Inc. All rights reserve

Abstract of Technical Report (19) ¥ _

Techniques for Mitigating Impacts of High-Penetration Photovoltaics

This chapter focuses on the application of energy storage technologies,
demand response, and an advanced strategy for cluster partition control for
integrating high-penetration distributed photovoltaics (PVs) into the
distribution network. From the energy conversion point of view, the electrical
energy storage technologies can be categorized into mechanical energy
storage, electromagnetic energy storage, phase-change energy storage, and
chemical energy storage. At present, the energy storage technology widely
used in the power system is the electrochemical energy storage approach,
including lead-acid battery, Lithium-ion battery, and flow cell. Some commonly
used mathematical models are developed for electrochemical energy storage
batteries and analyzes how the energy storage system improved the PV
accommodation capacity of the distribution network by taking the lead-carbon
battery as an example. In general, network partition-based zonal voltage
control of a distribution network with PVs includes two processes: community-
partition-based cluster optimization and PV active and reactive power-voltage
optimization control in each sub-network.
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Abstract of Technical Report (20)

Harmonic mitigation and power quality improvement in utility grid with solar energy .-'rlr.“.ﬂfr-.....

penetration using distribution static compensator ANPBH R
e

Distribution static compensator is based on power electronic devices technology which is
utilized to supply rapid changes in active power as well as reactive power of utility grids.
This is useful to achieve corrections in power factor, balancing of load, compensation of
current and filtering of harmonics. Therefore, proposed work investigates the
improvement of the power quality by utilizing the distribution static compensator, which is
equipped by battery energy storage system and interfaced to distribution network with
solar photo voltaic (PV) energy integration. In the present study, distribution static
compensator is controlled using a control strategy based on the synchronous reference
frame theory. Customised IEEE-13 nodes test system incorporating solar PV generation
and distribution static compensator, is utilized to perform the harmonic mitigation and
power quality analysis. Disturbances of power quality and harmonics have been
investigated due to abrupt changes in the insolation of solar radiation, outage of PV plant
from grid and synchronization of PV plant to grid. MATLAB/Simulink environment is
utilized to perform the study. Effectiveness of a developed approach is validated by
comparing results of simulation with results extracted in real time using real time digital
simulator. Results indicate that the developed method is more effective for harmonic
mitigation and improving power quality of electrical power in distribution network
integrated with solar PV generation. Performance of the approach is compared with the
performance of methods reported in the literature to establish the suitability of the
method for harmonics mitigation and power quality improvement in grid with solar energy.

Copyright ® Chubu Electric Power Co., Inc. All rights reserved

Abstract of Technical Report (21)

Comparison of economic model predictive control and rule-based control for residential p’l‘.“.ﬂfr-.....

energy storage systems NI RECHEY
_——W W e

This study quantifies the benefits of implementing model predictive control on
residential solar PV and energy storage systems considering a time-of-use
demand tariff, feed-in tariff and varying PV system sizes and battery life-cycle
costs. The control system analysed makes use of economic model predictive
control (EMPC) whereby the objective function is directly tied to the
economics of the system. Using residential load and PV data from an
Australian distribution network service provider, the EMPC controller is
compared to a rule-based controller, highlighting the benefits of EMPC in
regards to annual economic performance and battery energy throughput. The
EMPC algorithm is then tested using 10 residential customers at the low
voltage feeder level showing the capacity for the EMPC controller to shift
peak demand and flatten the aggregated load profile of 30 residential
customers.
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Importance of
Technical Measurement Capability
Due to Mass VRE Introduction

Trend of Solar PV Introduction i

Solar PV power facility interconnected in CEPCO

SO0Eee

wxeey

aCes

FIT introduction
in surplus amount

100060

FIT introduction
in total amount
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Inquiry on Solar PV Generation o

What are the situations where it is easy to make lots of inquiries on
output power limitation of solar PV generation?

Consumer’s matter Electric power co.’s matter

» Matter of consumer’s facility side  Insufficient voltage management
» Unproper setting of AVR, etc. (Higher voltage, etc.)

— L Challenging /L~

100% optimization of AVR Reviewing and optimizing
set value for solar PV outgoing voltage at a
generation (total amount) substation and an SVR
< = < =

Achievements by cooperation between measurement stuff and
maintenance stuff in both branch offices and sales offices

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Necessary of Technical Capability in Measurement Foow oo

Occurrences of solar PV output power limitation is getting fewer gradually.
Nevertheless, measuring technology is more and more required in the future.
Because...

At present

Consumer Electric power co.
Widespread of saving energy, Application of smart meter,
creative energy such as RE and BSS. Sensing of advance distribution facility
N < =
Taking more and more interest in Voltage which has not been seen

electricity. sensitively will be exposed to view.

In future

Customer explanation ability and "diversification / sophistication”
of measurement work are presumed. It is necessary to improve the
technical measurement capability.
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Technical Measurement Capabilities
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Concrete contents in technical measurement capability

Tech-level Item Content
+ Measuring instruments and measurement points (including the required number)
* Harmonic suitable for the event that occurs can be selected.
« Instantaneous voltage + The cause can be identified by analyzing the measurement results.
Senior fluctuation - Cooperate with related departments to plan countermeasures in consideration of
« Voltage flicker costs. o ) )
- Transient phenomenon + After coordinating with related departments, we can explain to customers who
offer and customers who are the source.
* Suppression of PV power + Measuring instruments and measurement points (including the required number)
generation output suitable for the event that occurs can be selected.
« Appropriate voltage + Analysis of measurement results can identify the cause (customer / our low-
Middle deviation (including those voltage system / our high-voltage system).
caused by Ferranti effect + Cooperate with related departments to plan countermeasures in consideration of
and voltage imbalance) costs. )
« Annual power quality report | Can explain to customers.
+ Measuring instruments and measurement points (including the required number)
suitable for the event that occurs can be selected.
« Suppression of PV power + Measurement can be set, measurement, and measurement data can be
generation output Jgfj):jt‘;a:?cdted independently, and the correctness of measurement results can be
Beginner .désip;(?g:ate voltage + Measurement results can be analyzed and the cause can be isolated (customer

< Annual voltage
measurement report

side / our company side).

+ Itis possible to formulate countermeasures (including reviewing the set value of
the automatic voltage regulator for photovoltaic power generation) when the cause
is on the customer side.

+ Can explain to customers.

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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(1) How to Measure Output Power/Voltage Data AMDBON ReED
Measurement Substation VRE interconnection Feeder end, etc.
DD1 » Measurement is possible with the customers PV data at connection point, as CEB is commissioning PV
installation under this condition.
« Can be calculated from the metering data, as low voltage is recorded in meter register.
DD2 » Measurement is possible by installing a energy meter at PV Installation.
DD3 » Measurement is possible by installing a measuring instrument on customer equipment.
 Soft data can be saved by recorder. - Some data are recorded.
DD4 * Measurement is possible by installing a measuring instrument on customer equipment.
LECO

T == Please confirm how to measure and record at each place and fill in in detail. —

Customer Customer

loads loads I
without  with rooftop S : PV (> 42 kVA)
rooftop PV PVs .
Rooftop PVs Large VRE

8 Copyright © Chubu Electric Power Co., Inc. All rights reserved

Types of Measuring Instrument AP KOE!

Fluke 430 Series II Three-Phase
Power Quality and Energy Analyzers

]
IBRSAEZS— | 13977 1IN T)-IM5R5 | BRRETFSAY

9

Medium series

o -

OS2 TAND—OH—

General purpose products
Fe============

Beginner series
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Image of Measuring at a Substation
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Measuring Point in Back of Panel at Substation
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Analyzing Software Py
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Procurement of Measuring Instrument AP KOE!

Portable Power Loggers for Energy Audits and Energy Conservation

Key Features

~ + Supports single to three-phase,
. 4-wire circuits

* Measure between 90V to 780V
 Simultaneously measure up to
three single-phase, 2-wire circuits
(in the same power system)

« Slim, compact design that can
be placed anywhere

« Store months of data on SD
cards

* The QUICK SET function

100 mm guides you in making the right
1.94%) connections

» Choose PW3360-21 for
harmonic measurements up to
the 40th order

Y48 mm
' 1 59%)

- -

180 mm (7.097)
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Procurement of Measuring Instrument AP KOE!

Portable Power Loggers for Energy Audits and Energy Conservation

Navigate clamp-on power logger
WickSet 2/8 Connect. 12-12-21 operation with graphical, easy-to-
: use displays of wiring procedures
The PW3360’s QUICK SET feature is
an on-screen guide that walks you
through the setup process, right up to
starting measurement. Even if you're
unaccustomed to how clamp-on power
loggers work, you'll be able to easily
configure and connect the instrument
for 3-phase power measurement. In
. addition, by alerting you to any wiring
i FREVIOUS | ; > mistakes, the device’s “wiring check”
function serves to prevent
measurement errors that are caused
by undetected wiring mistakes.

Procurement of Measuring Instrument AP KOE!

Portable Power Loggers for Energy Audits and Energy Conservation

Power logger functionality for
displaying measurement
results as a graph so you can
review them at a glance
The PW3360 displays recorded
A : measured values as a graph for
i ¥ el ™ : : j convenient use in power
R e g management. In addition to
instantaneous measured values,
you can review maximum,
minimum, and average values by
moving the cursor on the
demand and trend graph
displays.

W ""4,—\_



https://www.n-koei.co.jp/
https://www.n-koei.co.jp/

Specifications of Measuring Instrument AP KOE!

Measurement line & 50/60 Hz, Single phase 2 wires (1/2/3 circuits), Single phase 3 wires (1 circuit), Three phases 3 wires (1 circuit), Three phases 4 wires (1 circuit),
umber of circuits Current only: 1 to 3 channels

Voltage RMS, current RMS, voltage fundamental wave value, current fundamental wave value, voltage fundamental wave phase angle, current
fundamental wave phase angle, frequency (U1), voltage waveform peak (absolute value), current waveform peak (absolute value), active power,
reactive power (with lag/lead display), apparent power, power factor (with lag/lead display) or displacement power factor (with lag/lead display),
active energy (consumption, regeneration), reactive energy (lag, lead), energy cost display, active power demand quantity (consumption,
regeneration), reactive power demand quantity (lag, lead), active power demand value (consumption, regeneration), reactive power demand value
(lag, lead), power factor demand, pulse input

[PW3360-21 only]: Harmonic voltage level, harmonic current level, harmonic power level, content percentage, phase angle, total harmonic distortion
(THD-F or THD-R), up to 40th order

oltage ranges 600 V AC (Effective measurement range: 90.00 V to 780.00 V)
500.00 mA to 5.0000 kA AC (depends on current sensor in use),
Current ranges

50.000 mA to 5.0000 A AC (Leak clamp on sensor only)

Measurement items

Power ranges 300.00 W to 9.0000 MW (depends on voltage/current combination and measured line type)
Voltage : £0.3% rdg. £0.1% 1.5
Basic accuracy Current : £0.3% rdg. +0.1% f.s. + clamp sensor accuracy

Active power : £0.3% rdg. +£0.1% f.s. + clamp sensor accuracy (at power factor = 1)
Display update rate 0.5 sec (except when accessing SD card or internal memory, or during LAN/USB communication)

ISave destination SD memory card, or internal memory at real time
Data save interval 1 sec to 30 sec, 1 minute to 60 minutes, 14 selections

Measurement value save: Average only / Average, Max./Min. value, [PW3360-21 only]: Harmonic data save: Average only / average, max./min.

Saveitems value in binary format, Screen copy: BMP form (saved every 5 min. at minimum interval time), Waveform save: Binary waveform data
SD/SDHC memory card
LAN 100BASE-TX: HTTP server function

Interfaces USB 2.0: When connected to a PC, the SD Card and internal memory are recognized as removable storage devices, remote settings via

communication program, data download
Pulse output: proportional to active power consumption when measuring integral power consumption, Isolated open-collector signal
Functions Connection check, Quick Set navigation guide, clock, pulse input
bower supply AC Adapter Z1006: (100 to 240 V AC, 50/60 Hz), 40 VA (including AC adapter)
Battery Pack 9459: (DC 7.2 V, 3 VA, charging time 6 hr 10 m), 8 hours of continuous use (with back light off)
180 mm (7.09 in) W X 100 mm (3.94 in) H x 48 mm (1.89 in) D, 550 g (19.4 0z) without PW9002
180 mm (7.09 in) W X 100 mm (3.94 in) H x 67.2 mm (2.65 in) D, 830 g (29.3 0z) with PW9002
Voltage cord L9438-53 x1 set, AC adapter Z1006 x 1, USB cable X1, Instruction manual X1, Measurement guide x1, Color clip X1 set: red, yellow,
blue, white/two each, for color-coding clamp sensors, Spiral tubes for grouping clamp sensor cords x5

Dimensions and mass

IAccessories

Measured and Recorded Voltage Data Sample A

Average and Standard deviation of measured voltage

6800

6750

ya\

] A R T

A 22 SN a3

pEENs b

e AN ATIHR i
S\

6400 N

A

L

[h .-

Voltage [V]

6350 { Phase voltage at R Y B phases in a day F—

6300

LN .900 7 RS

2,
2 %

0

Time [hh:mm:ss]
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Average and Standard deviation of measured voltage
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. P
Fluctuation of Output power by PV/WT S

Output power generated by PV and wind turbine is not stable due to the weather
conditions such as wind conditions and solar radiation conditions.

In addition, there is no supply and demand adjustment function for solar and wind
power, and it is not possible to adjust the output according to demand.

Output power by Wind Turbine © Output power by Solar PV
z 2500 ' g
< 2000 f &
s E
g 1500 g
$ 1000 2
¢ 500 g
E o
0 0
1 2 4 6 8101214161719212325272931 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1
Time (day) Time (Hour)

Each generation curve of sunny, cloudy and rainy days is helpful to analyze solar PV
generation.

21
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Load Curve with Wind and Solar PV Generation B
3500 —l oad —Wind —Solar —Net Load
3000

2500

E 2000
z
2 1500
a
S
1000 —
I:)Net Load — I:)Load - (PWind + I:)Solar)
500
o
Time (10 minutes)
-500

Each load curve of weekday and weekend is helpful to analyze load fluctuation.
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How to Acquire Output Power/Voltage Data
(How to Measure and Communicate)
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How to Collect Measured Output Power/Voltage Data
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Transmitting and receiving data

PCS including Output Control Unit

CEB operation y ’
terminal V/I Measuring ) ah-
points |_° output " | :
VPN ) . Contropi Unit PCS Solar PV
router Monitoring VPN o~
router N :
) . and Instruction ; icati

Instruction controlling of charge/ Data collection and communication by PCS

of charge/ h system discharge Communication methods

discharge, Action result Setting ! - Optical fiber

Setting - Action result . SOCO u values “Microwave
values . S0C ete.
Public lines (Internet VPN) >
Data Communication method
T
DD1 é
DD2 N
DD3 ta
DD4 .
LECO S .
Please check how to send data and fill in in detail.
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(Ref.) Function of Smart Meter in Japan

[Structure (Image) of a smart meter]
(1-phase 3-wire type)

Copyright © Chubu Electric Power Co., Inc. All rights reserved

Functions of a smart meter

Measuring Part

Main body

Metering

=Collecting and memorizing the counting figure every 30

minutes (able to memorize the data of 44 days or more)

=Metering electric power both in forward direction and

reverse direction (2 directions measurement)

Switching
on/off
Communication

- Switching on—off with inner switch which is installed

inside the measuring part

-Limiting the current (function as current limiting breaker)

part
Communication

=Transmitting and receiving data

Installed on the
terminal part

f

Terminal Cover

Measurement

=Collecting and memorizing the average voltage every 30

minutes (able to memorize the data of 30 hours or more)

*Responding 3 second average value based on the

measurement of voltage, current and power every one
second in case of receiving the request for measurement
through communication line

Detecting

Terminal Part

+Detecting and memorizing events such as de-energized / re-

energized, voltage drop and opening / closing operation of terminal
cover (able to memorize the data of 40 events)

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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(Ref) State-Grasping Method of Distribution Grid for Future Tisoon ko

Upgrading for state-grasping method to improve accuracy of power flow
calculation of distribution grid

B Apply sensor-equipped section switch to measure real-time current and voltage of major lines

B Sum up smart meter data for grasping PV output and to estimate current of branch lines.

Primary Collecting 1min interval data:
Substation 30!, 3¢V, power factor, Vy, |y /
4 — —
L} ‘\
OoLTC \ Remote Section Switch Step Voltage Regulator (SVR)
: N +Collecting Real data -7 ,— * Remote Control
LI _--" (cf.) Conventional
- -
: Telecom : aea\ ‘“‘\e“o\ - “Pole-Mounted Transformer
Network o -7
- T Ka \|o\\"‘ge f; - Regular Households Household PV Mega-Solar e
\ - il ’ *
IRT e © B!
Advanced DMS -~ amsysten G A L 2

1 A ~
& El‘ & E" Smart Meter Smart Meter ~ Smart Meter

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Priority of VRE Matters
for a Pilot Project

27
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Matters by Mass PVs Introduction

’LHU#

[ = Pemns

AN MHEY
Before Soorya Bala ‘After Soorya Bala (2016-09-06) Total
et Metering let Meterin Net Accountin Net Plus Total )
Division | Province | - District No of unit | capacity | Noor Unit | capacity | Noof Unit | capacity | Noof unit | capacity capacity
Consumers| S22 | “iew) * consumers| S202Y | T kw)  fconsumers) S22 | Tiew)  [consumers| S2P2CY | w)
(Wicon (Wicon (Wicon: (kWicons (kW)
o e i@ = —" e e
uttalam
Western Total 21 123 34 8 P 5 54 Toftal
x| 42 EZ| 81 2 2: 56
o conval e s — oy m— (Before | 4 667 | 20,057
Total 7 63 T 700 P 2 56 Sooryabala
Jaffna 14¢ 4. 4. 62 34( 1,59¢ 3 23
b Kilinochehi 1 21 & 2 2. 5] |Sangramaya)
Northern Mullaitivu 7 3 1 35( 351
Vavuniya 1 [ 1 af 1 2 Total
Mannar_ 2 Al Wi
Total 85 361 T 703 7 3 54 (After
[Colombo City| Colombo 115 1 7.13¢ 161 8 132 1 80. 36 8,447 | 99,986
DD1 Total 1381 ¥ 9,861 99; 6. 60 1L 44 02 Sooryabala
Batticaloa 6 #DIV/O! 1,650. 65
Eastern | Ampara 32 13 505 01d | Sangramaya)
Trincomalee 1 15! 1 51, 10
Total 551 T T4 552 2.76 | X
Nuwa Eliya 3 1 1 #DIVIO! ncreasin
DD2 Kan 120 8 50 2 74 148 SING | 18196 | 344%
Central Matale 3 42; 3 1 32 7 14 ratio
Kegalle 2 8. 6,86: 34 26¢ 28
Total 22 2,13 3 8,52 14 111 2 1,91
WPN_| Gampaha 61 398 2,57 67 307 3 T 685
DD2 Total & 6.4¢ 13, 11,64 4, [ 167.. 11,53
Rathnapura 4 X 91 11 2 2.3
e Kegalle j 3 18: 23 a1
Total 5 7 1,09 14 2,85
Badulla T 7 7 2% 9 .
b3 Ua [ Wonaragala El 1 42 L I 559 All types and capacities of
Total 23 8 3 1,05 .
Colombo BL 259 8,00 I8 ssed PVs are included?
WPSII Kalutara 1 1,54: 8 1,99:
Total 86¢ 2,78 . 9,54 56 7.58:
DD3 Total X 3, % 11,54 74 11,49
Galle 7 X 74 6 13
Southern Matara 10¢ 1 2,22 25: 4,29
Hambantota 3¢ 1 X 60 8: T 91 .
op4 Total 214 191 1 X 39 53 \Which areas and feeders
Colombo 73; 334 X 4,92 31 3,11 h .
wPs| Kalutara 3 40 3 724 have h|gher priority
Total 76 3.46 532 348 383
DD4 Total T . 5 8,90 74: 9181 matters?
CEB Total 266 29,05 41,94 3,30 3123
28 Copyright © Chubu Electric Power Co., Inc. All rights reserved

Matters by Mass VRE introduction

DD1

DD2

DD3

DD4

Voltage fluctuation

High voltage

Low voltage

Harmonics

Protection coordination

Reverse power overloading

Facility Overloading

High loss

Phase unbalance

Low reliability

Low flexibility

Intermittency

Islanding

29

What are the matters by mass VRE introduction?

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Target of Supply Reliability N K
m Supply reliability

@ Important load SAIDI To be determined by PUCSL?
@ Urban/Rural SAIFI To be determined by PUCSL?
© SS, Feeder, etc. CAIDI To be determined by PUCSL?

= Voltage drop

® 33/36 kV 33/36 kV -6% ~ +6% -10% ~ +10%
®11/12 kV 11/12 kV -6% ~ +6% -10% ~ +10%
®230/400 V 230/400 V -6% ~ +6% -10% ~ +10%

H Replacement Facility Loading rate criteria

due to overload e 70% for economy
Distribution line
125% for emergency

80% for normal
?% for emergency

Distribution substation

Primary substation 125% for overloading

30 Copyright © Chubu Electric Power Co., Inc. All rights reserved

. s e Heerng et Accout T NetPs Votage =
pson | Vo e Moo ustcapacty| Capscty | Mool |untcapace cy | Mool |unicapaciy| Caacty | Nool |untcapact| Capacty | max Load | ctmson|
w o T | oot | S | coam || i | comame ‘i | e | comme | < | i [ron] oo | 2 [zt g
o 1] P ) 104 P S | 55 920 7 53] 1076
s @
[
o
el PEY o
Northwesten| @
101] 6] 54 964] 3|
Putaim
I
001 ot 217] z al1ged 7] 57 154]
[anadhapua 41l o A5 25 22| s60]
Nrth Central [Polmana. 38 ) 6| 283 2 F]
Frota 7] 7 4 T008] 7 711563
et 1ac 2 1,509 33 7| 238
[iocher T 2 3 omal a9
Normer P T 34 1 0] 350]
[awmma 3 7] o] 15 26
Marrar 1 7 40 79]
Frotal 168 a7 1709 a1 38| 15|
Coombo Gty Colambo 1.402 83 1321 17 605] 136
JBaticaion 17 106] 10) 69) #DIVI0l q 16500 1,650)
PR rreveey 2] 155 63 32| T 7 10 5050 1.010]
[rincomaee F] I 105] 1] 155] 19 515 103
Froal 1] 1 Tag] 552.6] 2.7
e ey 8 3 250 4| 33 1 16 #DIVI0!
o2 e 167 767| 125] 1,203 81) 506] 20| 7 1,489
Cenval [ Matale 15[ 128] 11] 38.4] 22| 30) 1 326| 2 71 142|
[kegate 3a 2 985 51l a7 6862 34 265 6 a7 287
Frotl 225 2130 201] ae6| 8521l 14 1113] 28 cas[ 1o1g]
W JGampaha 613 3,989 540) s 2570 610 3,074] 36| 1904|6850
[Ramapaa 46 7 337 o o8] 119 1 en 28] s70] 2437
5 3 19] 53] 181] 23 136 7 59 a17]
ol 7 I 2; 81 4]
lacuts 18] 7 14) 58] 76| 28 138 3 166 499]
o3 e [Monaragal 5| 14 72] 51] 423 11] T 144] [ IR 558
[rota D 117
[Cobmo 811 350 2590 1309 8000 a8y 3,267 52l 1075 5.590]
Wes i [abaaa 3 I 0 153 1]
ol 2 47 11
ale 71 7 555 76 9 740) 60 483 2 R 134
Sourem [P 106 Bagl o1l 1 2227 252 2.359] 23] 1869] 4,299
bt 8l T 515 73] 608 82 1 871 1B 0 911
- ol 215 Toto sl 3576 304 3713] 201336 5347
oombo 732 Sasl 614 2926 311 1.761] 14l 92700 3110]
wesi - [kauara 30] 127] 49| 402] 37| 206] 6] 121 729
Frotal 762) 3460 o3 5308 a8 1.967] 20 1920] 3:839]
CEB Total 4,667 62 20057 a.788 88 a194a] 3309 63 20811] 3o 106.4] 37.231
31 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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VRE Matter Information in MV Distribution Lines A

Afe Soorya 2k Sargamaya o pobers n
Nerveg et Aecou T [T oot | Fese [ovetoad o] Vetage Farmon econ [orsared_Toss |

sumers. | (kWicapia) W) | Consumers | (ewicapita) (kW) | Consumers | (k) e (KW). MW) ! fn e factor | oz [ 90900 | e O0) [(Phase K
7 I P I =) I N ) =5 W ¥

sy [imermitency | Pty Note

127 53]
3
53] 50
37] 57
[
138 2
7
T
3
2
2
354
847
388
B
137]
1
5
s8] ax ¥ 3so| 1064

Which feeder is higher priority? What are the major matters?

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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VRE Information and Matters
in Candidate Feeders
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Fler =P

Large VRE Introduction in Power Grids NibRaN KE!

The Map of 56 Lan g

Draft LTGEP2020-2039(March 2020)

(p. E-13: Battery storage is proposed to be
added to the system in phase development.
Total 50 MW by 2025 and 100 MW by 2030
Exact capacities and entry years will be
evaluated during the detailed design stage of

-+ battery storage integration.)
'-o"~‘:,., Sy R o~ - - - ._J——
X ———
bl .s - Triz GM
F e 1MW
S Saza (Bamthanka
R 10MW
Storage battery system
20MW-10MWh @ Hambantota?
34 Copyright © Chubu Electric Power Co., Inc. All rights reserved

oveen| s | oo el =
B Consideration of candidate feeders/substations by
B = — mass VRE data
P >> VRE data were so many and were not
i S managed sufficiently by feeder and substation.
i What are the major matters?
—— e >> Not severe matter up to now, and
- i e - insufficient measured output power/voltage
w| i data of use.
S {canpe o Sass a0
o R . . .
54 w—s—s— >>> Selection of possible feeders as candidates
003 wa 5| 14. 72| 51/
1 - | 71 B B B ) B 3 B Bt s s Bt
wes 3 187| 17 921,542 53 42 1 ;?32 1,991] | | | | | | |
P s  —" " —— e e i
35 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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"LH

[LET
Pl = Prewr

VRE Matter Collection at Substation (Revised) AN HES

DD 2ndary| Feeder | Maximum active power flow Maximum reactive power flow Power factor| e I(-:ﬂubr::;ghase
Provinc Area Substation kv | [Name] [polvalBacki RoiwaiBackwan Forward Backway Forward Backway Max. | Min. R Y B
rd |ward| rd d d d
LECO| MW | MW M\Aal;ﬂd MWh/day Mw Mw MWh/day | MWh/day % % %
DD1 | NCP_|Minneriya| Valachchena New | 33 FO5
DD1 Norochcholei Wind F2
DD1 | NCP_|[Minneriya 33 |Walikanda
DD2 Sapugaskanda FO
DD2 Veyangoda F8
DD3 | WPS2 Panadura F1
DD3 Pannipitiya F4
DD3 Horana F4
DD3 Horana F6
DD4 Hambantota 33 F2
DD4 Hambantota 33 F4
DD4 | WPS1 Panadura 33 Fo7
DD4 | WPS1 Panadura 34 F08
Feede Voltage |Harmonic injection Macvotagephase Fregency Loss Biotecto Short
r umbalance n

How were the candidate feeders [ || Ve poeoree = o | o M|t ], [oomney credt
selected?

What are the major matters in the
feeders?

Which feeders are higher priority?

>>> Any output power(current)/ voltage data?

36 Copyright © Chubu Electric Power Co., Inc. All rights reserved

LHUZ.

VRE Connections in LV and MV Distribution Lines Napoons e

o

:Gu'pech:d_|

. 11 (or 33) kV feeder

N
....... -
1
l i
1
1
1
1
1 P
e .
———— b vt 1 K o,
Customwr  Custofmr & : s
et Gk o | . 2
.
wihou ml'nuif\.‘: i 1 CR R
reatep PV Py 1 e .
Radnop 7 frrrinaanannentt
Roghop &
H
37 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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VRE Matter Information in MV Distribution Lines

’LHU#

[ = Pemns

AN MHEY
= [ Latdan &
. | taa Voo
) ae | "'_‘_":""" oy (YT T :_'.""' Focass "'::
.= i L ..A In [’” 5 -..;;.A Lowd | -~ v |- .5.—:-‘- ——
R ———— = [ e Exavesar |00 pevamrnr | 253 | 200 | % |ows | w0 |
| Mgt .u.;-' ) | | | |
P y L | I Low volege | T | | T |
we it "o I 1 | Unbderce | | | |
L s S T Wl R e | r—— 2
) { : { : . ——— O —
[ . | ag? [ [ | [ | [
[ | D | [ [ [ [
.‘j - o o MDD | 1121
= he SN + - + + - .
. = - | | Yo e | ‘ ‘ |
-4 : = [ | ,
(3 ) an - | | Idararg | | | |
== G R e } { \ o ; { { {
alg _ N S S S — — —
= o What are the major matters?
Any output power(current)/ voltage data?

9

38 Copyright © Chubu Electric Power Co., Inc I rights reserved
’ LH
II - - d - d P PP
VRE Matter Collection in MV Feeder (Revised) Py
Location of
e Voltage Power (Current) Coordination
in the candidate Unbalan . Instantaneous Unbalan| Short
feeder Problem Max. Min. @ Flicker drop Harmonic injection| Forward Backward & circuit Loss protection Islanding Others
Source | Load (Phase, |(dV10 or| Duration Rated Rated | (Phase, | current operation
side side V) V) %) Pst) Drop (%)| (ms) degree n| rate (%) |Max. (A) ™ Min. (A) ® %) «A) (%) Input other problem.
(Rated Example) | (No problem) | 253 207 10 |045 1| 10 10 Total 3 100% | 100% | -100% | -100% 10 40 Afew | Good Never
HM200 | HM188 | High voltage 260
PNO025 Low voltage 190
Unbalance
HM275 voltage in 12
phase
HM225 Flicker 11
PN025 voltage drop 2 B
HM027 Harmonic 5 10
injection
" Harmonic
Ditto injection Total 3
None Forward 510 | 500
overload
[41HMD-| Reverse .
HM232 024 overload =~ -220 -200
Unbalance
HMO040 | HM121 current in . R_-10%
phase - 5 " 20 po
Unbalance et
Ditto Ditto current in Y_+10%
phase -
41HMA- |41PND-| Short circuit 45
012 015 current 4 ”
HM321 | PN025 High loss - - 10
C.T.B. Protection
Gantry | Apg - . . N 3 NG
41HMD- [41HMD-|
040 050 Islanding N - NG
. [outage by firing
Others |VRE, etc.
Where and When do the matters occur?
What are the matters in detail? Any output power(current)/ voltage data?
39 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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VRE Information in Each MV Feeder

400/230 V interconnec

Total PV power numbet
Total PV power capacity:

tion

Input PV power capacity such as rooftop per transformer

11 kV interconnection

Total PV power number;|
Total PV power capacity;|

33 kV interconnection

Total PV power number
Total PV power capacity:

’LHU#

[ = Pemns

AN MHEY

Transformer ID,etc[Subtotal capacity Transformer ID,etc. ‘Capacily Transformer ID,etc |Capacity
HM259 100 KkVA--_ ] I KVA IN501| 1675 kvA
HM192 [N RN Rl -~ KVA
4 = e

kVA e -7 KVA
KVA S==- KVA
KVA T KVA
KVA Ut KVA
KVA - KVA
KVA T KA
KVA eSS ) - KVA
KVA S=== KVA
KVA kVA
kVA KVA
kVA kVA

Total Wind power number:| Total Wind power number;|

Total Wind power capacity:| SO — Total Wind power capacity:|

Input Wind power capacity per transformer
Transformer ID,etc[Subtotal capacity Transformer ID,etc|Capacity Transformer ID,etc |Capacity

I KVA I kvA I kva
| KVA | kvA | kva

40

41

Data collection sheet of installed VRE per distribution transformer
Easy to consider where and how much of power flow

Copyright © Chubu Electric Power Co., |

Confirmation of Problems

In the Candidate Feeders

nc. All rights reserved
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Possibility of Problems by VRE in the Candidate Feeders :mmm";

Any obvious problems up to how?

oD 24| Feeder | Acive powerflow | Reactive power flow | Power Current umbalance Voltage Voltage umbalance Hamonic injection | Freqency |  Loss | Protection |  Short
Province |  Area Substation [ kv | [Name] | Foward |Backward | Foward |Backward | factor R ¥ 8 Max. Min R ¥ B8 Max. |at degree n| f‘“"'“‘"a"" cireuit
LECO Mw Mw nw Mw % % % W K % % % % % He % current (4)
—
o oo abviots [No obvious |No abviots. o obvious [N abvious [No obious [0 obvios [No abviaus N obvious [0 abvious [No cbvious. Mo obvious o obvious —[No obviaus o obvious [No abvious o obvious
e imerya vaacrenenanen| 33 | fos g Cproven bt b st |3 sl ol ol Ml A S S
oot | L Norocheholei | 43| ¢, [Noobvious Noobvious Noobvious o obious N0 omious Noobvious[No obvious. [No ovious. [N abvious 1o obvious.[No abvious [0 obious o obvious[No obvious [No obvious [0 obious No abvious [No obvious o ovious
[Wina frotlem  [probiem [problem |obiem [oroblem fpoem[ooblem [problem [protlem  forablem v otlem _[poblem rob fpotiem |ootlem[protlemfproblem
L o abvious [No obvious |No abviots [No obviaus |No abviots. o obvious [N abwious [N obvious [0 obvious [No abviaus N obious |40 obvious |No abvious Mo obvious o obvious —[No obviaus N0 obvious [No abviows o obvious
ep - Minnerya 33 |Wallkandalpgijerm  oobem  [roblem  [robiem rodlem [roblem fooblem[probiem [prodem |probiem prob frotlem ~ fpoblem [oroblem pr frobiem ~ foroblem
L L 33| Fo  [Noobviows |Noobvious [Noaovious [oobvious [Nocbvious o obvious o otvious [No abvious [vo ovious. [No bvious [No obous. [No obvious Mo obvious o obious N0 owious No abvious[No obvious [0 ovious[No abvious
frotlem |obiem [protiem probiem foablem |obiem [oroblem _|pet [poslem [pobier froblem ok oblem [obiem robi lprotlem  [oobiem [arotlem froblem
o02
o obvious [No obvious |No obviots [No obvious |No abviots o obvious [N obwious [No obwious [0 obvius [No obvious N ovious |No obvious |No cbvious o obvious o obvious —[No obviaus N0 obvious [No abvious o obvious
i i |Vevangoda 331 P8 lctiem fpoblem  fooblem fpobem [oablem fooblem roblem Jproolem[poblem orob froblem foroblemrobiem orob froblem  foroblem
L o ovious [No obvious |No abviots[No obviaus |No abvious. o obvious [N abvious [N obwious [0 obvious [No abviaus N obvious |0 abvious [No cbvious o obvious o obvious —[No obviaus Ko obvous [No abvious o obvious
|vPs2 panadura B®A [pobem  [protlem |probiem probiem _frotlem _foroblem ol frociem  fxobem b prob oblem o oblem Jprotlem probem
L L banniniiya 33| Fa [Noowious Noowious [Noobvious [uoobious [Noomious Noobvious [Noobvious [Noobvious o cbvious o obious [No dbvious [0 obvious o cbvious.(No obvious [No obvious N0 obious |No abvious [No obvious o ovious
annipiy: frodlem |probiem [orotlem. votlem Jproem|oblem robiem robi lroblem foroblem [poblem orob fprolem foroblem [problem
o3
L o abious[No obvious |No abviots [No obviaus |No abviots o obvious [N abwious [N obvious [0 obvios [No abviaus N obious |0 obvious |No abvious Mo obvious o obvious —[No obviaus o obvious [No abviois o obvious
i [Horana 3| R4 [pobem  [problem [probiem [prodlem o Jpoblem[poblem robiem fpobiem foabiem  [probem [roblem ot [pobem [ooblem [problem foroblem
L L orana 33| Fe  |Noobviows |Noobvious [Nocovious [Noobvious [Nocbvious Noobvious o obvious [Noabvious [vo ovious [Nocbvious [No obous.[No obvious |No obvious o obvious N0 ovious No abvious(No abvious [0 ovious[No abvious
@ frotlem |pobiem [protiem robiem forblem |obiem [oroblem _|pet Jproslem [pobiem rob lrotiem froblem [pobiem prob frotiem  foroblem [problem
o bvious [No obvious |No abviots [No obviaus |No abviots o obvious [N obwious [N obvious [0 obvious [No abvious o obious |uo obvious |No abvious Mo obvious o obvious —[No obviaus o obvious [No abviows o obvious
<7 i fHambantota B/ [pobem  [oroblem  [pobiem  |problem froblem foroblem [probem [orobiem Jproem[problem roblem robi lrobiem Jpovlem —probem
L o ovious [No obwious |No abviots [No obvious |No abvious o obvious [N abwious [N obwious [0 obvios [No abvious o ovious o obvious [No cbvious. o obvious o obvious —[No obviaus Ko obvous [No abvious o obvious
s° [Hambantota B lpobiem  fprobem [problem fxoblem foobiem ok [problem [yobem |probiem |protlem frobem |pcobemfpobem [proliem [poblem |protiem froblem
o4
wes: | banadura 33| oy |Noovious Poovious [Noobvious [Noobvious [Noomious Noobvious o obvious o obvious [No abvious o obious [No obvious [0 obvous o obvious [No obvious [No obvious [0 obious[No abvious [N obvious o ovious
frodlem  [probiem [problem robiem oroblem lpolem|poblem [problem |protiem fooblem[ooblem problem |problem {pr lpobem  [ooblem [aroblem froblem
L o abvious [No obvious |No abviots [No obviaus |No abviots. o obvious (o abwious [N obvious [vo obvious [No abviaus N obious |0 abvious [No abvious. o obvious o obvious —[No obviaus o obvious [No abvious o obvious
|vPst panadura 33| FOB lotiom  |wobm |roblem |wobem |rovlem froblem [ooblem |potiem [ocblem  [ivobir  [pobiem [xoblem |problem [protlem [robiem [orobiom |protiem [provem[robiem
42 Copyright © Chubu Electric Power Co., Inc. All rights reserved

Questionnaires to DDs and LECO s

DD1 DD2 DD3 DD4 LECO

Candidate feeders 3 2 4 4 ?

Power/Voltage data at S/S

Severe VRE matters

Voltage control as project estimation

Geographical Information system
(GIS) drawings like MV line route
on graphic map or aerial photomap

Electric constant data such as R,
X, %Z in the candidate feeders

Role division in preparation of
storage battery system

Measurement at S/S, T/F, PV site,
SBS

Communication way for data transfer

43 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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[ = Pemns

Candidate Feeders A

Target feeder information to measure
e

Input th ‘rf;:"“‘““"“““"“‘ fomeasue Clss?G  [256 BG G [5G [Other way suchas opical fiber, CEB own line, OPGW, etc.
[Organization [obT 4,LECO.
[pasaten Feedorend
[Feeder No, [otherareas
[Measuremen| Measurement Froqency | Power Votage o each phase Current at pach phase. Apparent power Active pover Acive power
e on_pecondarysice 2500 ot s
linstaation _|”
(e
=
—
M““‘:’“"‘” Measurement Freqency | Power | votage at each prase Curent i each phase. Aoperent pover Acthe pover Acve power Harmonic.
@ ———
e
[Fecderend fsaro au e
44 Copyright © Chubu Electric Power Co., Inc. All rights reserved

Sharing of VRE Forecasting Site Information in WG 2

for Measurement and Analysis in WG 3-2

22
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. oy . [ = Pomu s
WG2 Location of Facility for VRE forecast in WG2  Jieonson
. o . Selected sites
received Facility Location
T o to be forecasted
O sPrimm  w2vie . "6 S| Kt
Q) orPF Fovtan| x 3 wwe - | ) WP Bustang x 3 e
Ois Q) wrr 3 akes : O | i S
| n | o Fr LR RS Y
n
[« O = © s The total number of sites remains 8
n
Qe : Qi
n
n
n
[ ] RLLTN
O pmi N O : O hai N Ot
s In Area 2, one Facility is selected. / BN ROy -
5 ot vy
| © L In Area 3, Saga Solar POWER is
\ — selected instead of SPP(Roof-top).
 AmZ t‘:“
Q\ mtil o There are 2 SPP(Roof-top) in Area 2.
P ) .
N % There is no SPP(Roof-top) in Area 3. ‘ J;"; 3
£.0Mw (XN

46
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e . [ = Pomu s
WG2 Facility Information of VRE forecasted (SPP) N o
I21VA Roof-top PV r Facility 2
SPP1 SPP2 SPP3 SPP4 SPP5S
Facility No. Facility 4 Facility 5 Saga Solar POWER] Facility 3 Facility 1
10 MW Solar Power | Solar One Ceylon SAGA SOLAR Rooftop PV Colombo § | Rooftop PV Sri
Information/Site plant (Vydexa solar Power ) POWER yawardanapu
power plant) (Pudukadumalai)
SPP
Area Vavuniyava Welikanda Hambantota Kuliyapitiya Slave Island vattaramulll
Premises Privately Owned Privately Owned CEB Head office CQS DD3 O#ce
. 8°46'9.49"N, 7°58'31.38"N 6.22, 7.469655377230161, | 6.930312772873491, || 6.90%6377388¢6525,
Location (Lat/lon) 80°31'39.88"E 81°14'18.23'E 81.085 80.05004525435352 || 79.84709213773222 | 79-90819016628004
N . Jul-17 Dec-16 2015-2016 09/02/2018 installed 2019-jun-25 Jinstallgd 20 7-jan-
Period of Installation 1
Panel Azimuth Angle 0 90° 30 degree 12 ‘e{ree
Panel Tilt Angle Single-Axis Tracking | Single-Axis Tracking| 5 degrees to 15 35° 8 degree 10 ree
Type of Installation Gound Mounted Gound Mounted GMFT roof on small structure on foof
350p Monocrystalline | 315Wp & 320Wp JMULTI CRYSTALINE Monocrystalline MONO PERC 0
Type of PV Module Polycrystalline
Total Panel Capacity 10 MW 12.5 MW 255, 260, 265Wp 179 90.885kWp Fokwh
" 4= ABB SMA Gmbh STP 2500¢| TR10-20.0-TL-OUTD- SA 25YL
T TL-30 S2X-400 X 1 no /TR10
PCS or Inverter model ; 27-6-TL-OUTD-400 X
- L No
5 . 1MW*10 25kVA 20kW X 1 No and 2fof SMA 25\L
PCS or Inverter Capacity & o= 27kW X 3 No
Online Data Availability e 3 "y Yes Yes No
(If possible) e | ’
Past Data availability - iy Yes Yes Yes
(If possible)

47
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WG2 Facility Information of VRE forecasted (WPP) b
WPP1 WPP2 WPP3
Facility No. Facility 3 Facility 2 Facility 1
Information Northern Wind power plant Mannar Wind power plant \Wind plant from cluster in Puttalam
Site allimunai 10MW Wind Power plantThambapavani Wind Power plant (CEB) Mampuri Wind Power Plant— Stage |
Area Jaffna Mannar Island Puttalam
Premises Beta Power (Pvt) Ltd IThambapavani Wind Power plant Mampuri Wind Power Plant

Location (Lat/lon)

9.556760792037888,

9.050124, 79.792038

8°0'36.37"N, 79°4324.09"E

80.35954521288103
Period of Installation December 2014 End 2020- Being Commissioned 2010
Number of wind turbines 8 30 8
pind ‘“’bi:eer':;?td capacity |y 500 w (ReGen VENSYS 8282) 3,450kW 1,250kW
Tl am“‘c‘gﬁy'“d il 10 MW or 40MW? 100 MW 10 MW
Wind turbine hub height 85m 80 m 60m

Power curve
(includes cut-in, rated, cut-out|
wind speed)

ICut-in wind speed: 2.5 m/s

Rated wind speed: 13 m/s

ICut-off wind speed: 22.5 m/s
Ihttp://www.regenpowertech.com/10
4/wind-turbine

Rated power: 3,450 kW
ICut-in wind speed: 3 m/s
ICut-out wind speed: 22.5 m/s
Re cut-in wind speed: 20 m/s
ind class |IEC IIIA/IEC 1B
https://www.vestas.com/en/products/4-mw-
latform/v136-_3_45_mw#!technical-
specifications

Power Curve Data-
https://www.thewindpower.net/turbine_en_220
suzlon_s64-1250.php

Past Data availability

(If possible)

[]

48

Important items for
Building VRE forecast model

|:| Request more information

Copyright ® Chubu Electric Power Co., Inc. All rights reserved

- - - e ' Pl =P
WG2 Confirmation of Past Data availability b
SPP WPP
Utility PV Roof-top PV \WPP\WPP|WPP
SPP1 SPP2 SPP3 SPP4 SPP5 er6 1 2 3
Facility information Valachchenai - Head office
(mainly location) O Feo Hanbantota| Kuliyapitiya 503 off ONNONNGC)
Supply responsibility DD1, DD2 DD4 DD1? DD1?
Weather observation data
(Past Data availability)
VRE output data o [ Yes
(Past Data availability) e HPartially] YOS | R YOS L
........... T -
Please collect the data! . -
M Future Plan
- In the next Field Work,
WG2 will discuss “Approach to forecast Area VRE output” and oy %
“How to save the VRE output and weather (if any) data
for validation of VRE output forecasted N
(ex: by facility, site/farm, area or the whole(SPP or WPP or Both) ). o

49
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WG2

Validation of VRE output forecasted (Future Plan)

2022/12/23

LHUZ.
P Pl -Poe:

AN MHEY

Global weather model

—I Saved Data (CEB) I—

SPP and WPP

> Statistical correction
_(to be improved after 2022)

Forecast for weather data by facility
[ Wind speed ] ,[solar radiation]

Facility
information

Weather observational data ]
T oy Q)

Convert from weather data
to VRE output
V

Forecast for VRE output by facility
[wind power generation]
[PV power generation]
L]

VRE output observational data
by facility

J@

®

VRE output data

Forecast for VRE output by
facility, site/farm, area or the
L. whole(SPP or WPP or Both)

Estimated from the capacity of the
corresponding rated VRE output

Validation of
VRE output forecasted

by facility, site/farm, area or the
whole(SPP or WPP or Both)

mFuture Plan (about need to"shV& Yata)

@ The whole VRE output data (SPP and WPP) is mandatory for the validation.

2 By facility, to save VRE output data is also mandatory.

® To save the weather observational data (or nearest meteorological station data) by facility

is better for stational correction for the future.

@ If possible, it is desirable to save VRE output data by site/farm and by area.

50
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Candidate Feeder for BESS Pilot Project
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Where to Install Storage Battery System NAERON KE!

Customer cystomer
loads loads
without

with rooftop ;

rooftop PV PVs

Rooftop PVs

1
)

PV ( > 42 kVA)

Large VRE

O[Pcs |

Copyright © Chubu Electric Power Co., Inc. All rights reserved

S

Customer customer
loads loads
without

rooftop PV PVs

with rooftop ;

Batt
® @  Alhm

Rooftop PVs Large VRE ©)
No. Capacity Cost Main matters Effect Possibility
@ Small Low  Voltage, Power flow? Middle?  Middle?
@ Small Low  Power flow? High? ?
©) Middle Middle Voltage? Middle? Low?
@ Large High  Power flow? Low? Very low?

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Valachchena
New GSS

54

- - P Pl -Poe:
Case of SBS installation to Valachchena New GSS AP KOEY
: FO1
; FO2
: F03?
; F04?
! FO05?
i F067?
5 - FO7?
()
W,
@)
Customer__|O Customer
loads loads
with rooftop without
PVs rooftop PV PV (> 42 kVA)
Rooftop PVs Large VRE
o
NI STHEY

Output Power/Voltage Data Measurement

55
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its feeders.

56

Please provide the following information
and data of Valachchena New GSS and

* Single line diagram
* GIS information (Layout on map)
* VRE installation data

(capacity and location on map)

Valachchenai New Feeder in North
Central Province,
Distribution Division 01

Solar Cne
.

Ceplon (Ft] 132

2022/12/23
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This feeder selected due to

* a12.56 MWp Solar PV plant connected with a single axis tracker at
Welikanda 35 Km away from the Grid Substation and 12kM away

from the boundary meter (Kadawathmaduwa)

* Boundary meter data obtained and have requested Grid Substation

meter data

* In daytime most of the time have reverse power flow.

Measurement Point 1

(will e received within this
weekK)

|

H .

3 oy
|
23kM away from Grid

Substation
N

Measurement Point 2
(alrea(:)/tgken)

12 kM away from
Boundary Meter oy

Welikanda Solar
One PV plant
12.56MW |

2022/12/23

’LHus..

P Pl -Poe:
AN MHEY

North Central Province

Eastern Province
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ANOEO RETREY

Eastern Province

VALACHCHENAI CSC

’L'Hl.ls...

.o

Tole zn-—n‘ zv-mln—snm‘—-dua—
i Misem ™
) A00000L W
T AT~
zsars wraceoe ! m
A - - S L0O00 . W,
o) 0000 W
E RseioE] W,
T i 1 ~
o o e L
joee! M0L.N
ame - - T 308 o8 ~
awen - - 2 000 ~
) iAW
L) -
e i
Lo Sl W

* 15 min Interval Data obtained

* Import and export VA Recorded
* Average Power Factor Recorded
e Import and Export W recorded

¢ Other data not available at the moment

30


https://www.n-koei.co.jp/
https://www.n-koei.co.jp/

2022/12/23

Florrd= Pomrs

"Lﬁus..

Import VA Demand Total

5,000,000.00

4,500,000.00

4,000,000.00

3,500,000.00

3,000,000.00

2,500,000.00

2,000,000.00

1,500,000.00

1,000,000.00

500,000.00

Florrd= Pomrs

"Lﬁus..

Instant Power W

7,000,000.00

6,000,000.00

5,000,000.00

4,000,000.00

3,000,000.00

2,000,000.00

1,000,000.00

P
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Florrd= Pomrs
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Power Demand KVA

8,000,000.00

7,000,000.00

6,000,000.00

5,000,000.00

4,000,000.00

<
>
<

3,000,000.00

2,000,000.00

1,000,000.00

00:0

Time

—e— Export VA Demand Total

—e— Import VA Demand Total

Florrd= Pomrs

"Lﬁus..

Avg Power Factor Total

1.2000

1.0000

0.8000

0.6000

0.4000

0.2000
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Florrd= Pomrs

"Lﬁus..

Demand Avg var Total

4,500,000.00

4,000,000.00

3,500,000.00

3,000,000.00

2,500,000.00

2,000,000.00

1,500,000.00

1,000,000.00

500,000.00

Florrd= Pomrs

"Lﬁus..

5,000,000.00

4,500,000.00

4,000,000.00

3,500,000.00

3,000,000.00

2,500,000.00

2,000,000.00

1,500,000.00
1,000,000.00
500,000.00

&= |mport W Demand Total

&= |mport VA Demand Total

&= Demand Avg var Total
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69

Recorded Power Flow in the Target Valachchena FO5

5,000,000

4,500,000

4,000,000

3,500,000

3,000,000

2,500,000

2,000,000

Power flow [VA, W, var]

1,500,000

1,000,000

500,000

Measurement data at an intermediate point in Valachchena New GSS feeder 05 4.68 MVA
4.63 MW

Date/Time
2020/1/8 0:15

—e—|mport VA Demand Total

—e—|mport W Demand Total

—eo—Demand Avg var Total

2020/1/8 0:45

2020/1/8 1:15

2020/1/8 2:15

2020/1/8 2:45

2020/1/8 3:15

2020/1/8 3:45

2020/1/8 4:15

2020/1/8 4:45

2020/1/85:15

2020/1/8 5:45
2020/1/8 6:15

MMMV VOLOMNMUNONWNNINWVNNWNONW!NQMNWY G
e B B B et B i et Bt et Bt s B T B )
CRNGOGRISSHANNDTHETINHOEERNNGGRSS S o
PP P Be w8380 3555332328R1R
SIS0 0 00000000 DN 0D D NP DR DD D
TS T T T T2 QR 00NN 0 DRDRDRLDRRDRR DR R
SSS5S5S5SSSo9000dddgddgdgdgdddggdgdgoggdgdgdgagogd
SgdggoggoIfffgdfIgdIgdsgggoggog
SRS SRS 000000 cooScooSoogSo
2989929008 RSARNNIRNNNNNNINIIIN IR
RRARRRARNRSS9SS00009500950095395530

RRRRRRRRRRRAIRIARARRIKIRKIR’R

Copyright © Chubu Electric Power

Measured Data at the target substation and feeder for 24 hours

Transformer 01

nonn
Taos
oA A
NN
® 0
QXD
oo 9
PSSy
SS9
S8 &
S35 9o
] K] R
Co., Inc

33KV Feeder 5

HUZ
P Pl -Poe:

AN MHEY

2020/1/8 23:15

All rights reserved
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Modeling of Target Feeder
to Measure and Analyze Output Power/Voltage

- Valachchenai F5 -

70 Copyright © Chubu Electric Power Co., Inc. All rights reserved

Evaluation of Valachchenai F5 - DD1 and DD2 Area - P
33 kV feed | TaeY \
M ] 1
ert O . % :
A ! ' Primary !
' TIF '
- ! 1
O - !
o Pes - Gss
Customer  [rcs [Consumer Customer Customer
loads ? loads loads @ loads
without @ without without
rooftop PV |\ spp VRE MV SPP VRE

Evaluation steps of Valachchenai F5
1. Modeling load, VRE and facility information
(line constant, load/VRE dispersion)
2. Calculating output power/voltage
3. Measuring at several effective points~
4. Estimating present power/voltage fluctuation

71 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Target Feeder: Valachchenai F5
ety SO S
5 ; : SOﬁii::tj'
Polonnaruwa ‘ l ||
GSS
O ’ Valachchenai
e GSS

72

Modeling of Valachchena F5

Measured
transformers

.
< Feeder end of the longest route? Copyright © Chubu Electric Power Co., Inc. Al rights reserved

p"‘“.':'ﬁr-.....
AP RCHES

Modeling of distributed load and VRE and facility information (line constant, etc.)

iF5 Load ratio| _50% G ratio 80%
fain route Load Generator Remarks Line
Load ratio
Total Tr Particular generator or load to care such as|
S/S side MV line end side Longth | 1 Eo2l| Sy UES Lo | VT || @i | oo e e el generator/motor, | Wire type Vel Reststancel o e
capacity N /(Total Tr | capacity | capacity B size R
capacity - self- or separately- excited inverter
capacity)]
(Grid power, sourge sidg) (Conpeotion point) m kYA kY. KVA VA KVA - - o 2] ohm/km, |, ohm/km
H GSS V82 160 Hﬁa 64
V82 V166 16 1
V166 V98B 10
h V98B RBV05 - DD2 Area -
RBV05 V56 16
V56 DBV05 ¥
H DBV05 V126+V161+V211 301 7
' V126+V161+V2l1 V194+V179+V208 30
v V194+V179+V208 Proposed 3MW PV 3,00 2400 Interconnection in 33 KV line
Proposed 3MW PV Vi3! 10
' V13! 10
4 V60+V25+V102+V103+V200 B
V60+V25+V102+V103+V200
L V206+V216+V207 301
V206+V216+V207 LBVI3 ¥
LBV V36 10 7
' V. V156 10 X
Vi V134+V33+V223 42 ,
' V134+V33+V223 V89 §
H V. vi27 5
' Vi V182
V182 vat
V3l Va1
' V47 V29+V212
4 V28+V212 RBV02
P EN-- " =
BM V183 (=D165?) Racoon(ACSR?)
: V183 (=D1657) D074+D091 Racoon(ACSR?)
D074+D091 D119+D187 Racoon(ACSR?)
D119+D187 Racoon(ACSR?)
—
|
- DD1 Area -
H 1
H | | |
Weasel(ACSR) | ? | ? [
I I I T I I I wman wamn

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Eastern Province
| |
i

— _,‘A.E.L__;__,_____.i‘-'__
. = &
SR
i | L 3 .

12.56 MW SPP
1+1+1 MW SPPs

| g_;_________

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Modeling of Valachchena F5

AN BOCREY

Modeling of distributed load and VRE and facility information (line constant, etc.)

iF5 Load ratio[_ 50% G ratio 80%
fain route Load Generator Remarks Line
Load ratio
Total Tr Particular generator or load to care such as|
/S side MV line end side Longth||[Tri(Load|| S oy || LSS load)l[[7 VRE | eneration | oo induotion generator/motor, | Wirs type || o) (Resiatance, i ce,
capacity N /(Total Tr | capacity | capacity _ B size R
capacity | i) self- or separately— excited inverter
(Grid paver, sourge, i), (Conpectionpoit) m KVA Y KA KVA KVA, - - 2] ohm/km_ | ohm/km
H GSS V82
V82 Vi66 1
Vie VEE]
h V98B RBV05 - DD2 Area -
H RBV05 V56
. V56 DBV05
H DBV05 Vi26+V161+Vail
' Vi26+V161+V2iT V194+V179+V208
H V194+V179+V208 Proposed 3MW PV Interconnection in 33 kV fine
Proposed 3MW PV Vi3
H V13! A
H V60+V25+V102+V103+V200 i
R T T Influence by additional total 3 MW SPPs
LBVO1 V206+V216+V207 : :
T VaEvaieaT tbvia to be installed in near future?
H LBVis V36
. V. Vi56
H Vi Vi34+V33+V223
. V134+V33+v223
H Vi Viz7
' Vi Vis2
H Visz vai
H V31 Va7
' Va7 V28:V212
H V29+v212 RBV02
P m“ —
h BM V183 (=D165?7) Racoon(ACSR?)
H V183 (=D1657) D074+D091 Racoon(ACSR?)
h D0747D091 D119+D187 Racoon(ACSR?)
H D119+D187 Racoon(ACSR?)
—
1
- DD1 Area -
H
H | |
H Weasel(ACSR) | 2 | ? 77
N NN I NN NN NN NN NN NN NN NN NN NN NN NN NN NN I NN NN I NN NN I NN NN NN NN NN NN NN NN NN NN NN ENEEEEEEE
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Measurement in Valachchenai F5 - DD2 Area - o ———

Main route from GSS to feeder end

Measurement,.. Eastern Province

\

at BM
N Y
\[— o =
To North "" k.
central pamC S i _—_-‘\ Measurement at
province - - | secondary side of

s one of these T/Fs

AT VALACHCHENAI CSC

e L Measurement at secondary
- side of the GSS bank

Ee
O
L=
AP
-] [ (2 T —
| Sl o Mopspm—
76 gt I 0 Copyright © Chubu Electric Power Co., Inc. All rights reserved
. ) .-";.'*..':'.fa.,.
Measurement in Valachchenai F5 - DD1 Area - P
Main route from GSS to feeder end
‘ ,7 Measured points
. o o
I S S X4 North Central Province
N <" Approx. 100 oy
km from GSS Future demand?
D131 | N o T3
D037 | I ¥ = Future SPP?
D127 | [ 2= [ == 1} = 3
D048 §° ==l I & 1 A )
po43 § —Lrl . — i I l
poa1 f./ ,f : et i whb { : -
o . e RETE
Measured Evening ey 12 MW SPP f
Lo ool 3
.. points - ' S L
___________ Data collection or "4 35 km fron GSS
Measurement at secondary side measurement at - !
of one of these T/Fs 12 MW SPP
at the areas of excessive voltage 5
————— drgp- = = .!‘ j_‘_ ................
*H==" Measurement
1 at BM
Eastern Province e
e ® s
GSS | e e
.
77 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Consideration of
Capacity and Budget of BESS

for a Pilot Project

78
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. . VL A o
Target MV System for the Pilot Project PR
- p—— [ - |
, O : Measuring point? LS
g O : On or Off? =
| .~ S8 P o SR
. | Lif 11 i 3&?
‘/ - 13 [ lil{l;:; Al
- s IR
P . " « Al .
.3 ‘ b XA !
/ ,**rTL ! —_ L . |
1 ’, /, _r"'__':\_ - '
Please provide the following information b T -

and data of Valachchena New GSS and
its feeders.

Single line diagram

GIS information (Layout on map)
VRE installation data

(capacity and location on map)

Copyright Ubu EfSctiic Bower

79
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L) ol
Measured Power Flow — —L— for 24 hours AN HELTEY
) o = == O : Measuring point?
‘1-:—7«:0.:-“0 Q__ O : On or Off?
12 l‘. = (] :'::.:':‘ l’%h;:l 240
° (LT[
8 160
s 6 120
2 4 80 §
2
) 40 =
e -
g 0 0
2 £
e 3
2 —e—Bank [MW] —e—F5 [MW] -40
-4 —e—Bank [A] —o—F5 [A] -80
6 -120
8 -160
0 6 12 18 24
Time
- ol
Measured Power Flow .. 1 for24hours AN FETEY
e . ¢ - . _—_——
.,_’_,' il 58 . = O : Measuring point?
: : i ::I!:':‘ ;hl ll O : Onor Off?
12 || I[f |||| ”
10 200
8 160
6 120
a4 Eerrrree 80
ﬁ 2 40
= ——Bank_MW
0 ~F5_MW 0
-2 --F1,3,7_ MW -40
A ——Bank_A 80
—~F5_A
® -F1,3,7_A -120
8 — -160

2022/12/23
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Measured Power Flow 11— for24hours RN FEETES
e : Ya - L |
i ';: VR ST O : Measuring point?
LT [T H PR A A O : On or Off?
{ Vol (I 1.|i|‘-|l
RRIRLal
12 35
R
.10
= 30
B
; /‘\v/
R g 25
2 5 =
<R 20 =
st 28 e
- g g0 ?‘P
o 3 - % /\ 15 %
% —~Bank_ MVA | 10
3 -2 ——Bank_MW
>
O 4 -—F5_MW 5
—-—MVAR
-6 0
0 6 12 18 24
ol
Outline of Dispersal of Distribution Line Voltage ADRON faEr
W Voltage regulation
m—) Current
Power Line — Current — \
\ qs’i/ e :
& o 5 @ &
Voltage + H
Day time in a sunny day !
S I O I !
g i
o : : |
% — Night time :
g !
8 .
< e
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’
Tap Selection State of MV/LV T/F. How about HV/MV T/F? N oot s

" Power | 1 Windings 1, . L oad N
source U 2 Zoe— u .
. ﬂ .3 3 side
\_ side 5 ! \7 p
Fixed tap
passing without voltage change
V— \
{ Setat the installation
Changeable tap .............. ol i and kept fixed
""" e L 3
W 2 2" w
L=
. Changeable Winding ratio
Fixed tap tap Output voltage (primary/secondary)
1 One step down: -150V 6750/6600
5 2 No step up/down: OV 6600/6600 (No step)
3 One step up: 150V 6450/6600
4 Two steps up: +300V 6300/6600
e "l...HL:sR"
Measured Power Flow 1. 1  for24hours RN e
o 50 .’,."g r.% O : Measuring point?
L 4 11 il ,v. ittt O : On or Off?
Al
, IR 1
0.9
=
2 10 0.8
=
3 0.7
=
< 5 0.6
>
= 05 5 &
g o 04 5 &
§ —-Bank_MVA e
] —-Bank_MW 0.3
% 5 ——F5_MW 0.2
o —--MVAR 01
——PF ‘
-10 0
0 6 12 18 24
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Please provide the following information
and data of Valachchena New GSS and
its feeders.

Single line diagram

GIS information (Layout on map)

VRE installation data

(capacity and location on map)

' How much power can
be suppled reversely?

87

Bandanagala

Able to reverse supply?

3 o Y,

2022/12/23
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Measured Low Voltage at the Ends of the Valachchenai F5 MHPBON HEES

425

415
405
395
385

Daytime M Night time

375
365
355
345
335

Voltage at secondary side of T/F (V)

D131

D037

D127

D048 D043 D041

Transformer(T/F) ID

Which season? Which day(weekday or weekend)? What time at night peak? Which phase (unbalance)?
Which weather (Sunny, cloudy or rainy? How much temperature?)

88
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Profiles of Measured Data (Voltage) S

LV (400 V) side voltage levels at the feeder end of Valachchena Feeder 05

125

Taooview -

415

ol TVEIV)

econdary sk

v

Iy

S 385

124
» 365
S 344
D
I:'. v

335

o

= Dayt

orwe

= Nght Ume

El a8
Tranaformur{T/¥)
Transformer Identification No. Daytime Night time
D131 394.4 368.3
D037 394.8 368.4
D127 394.2 368.1
D048 394.6 367.8
D043 395.1 367.2
D041 395.0 367.5

Output power by Solar PV

2

Sunny

Output ratio (Actual/Rated)

5§ 6 7 8 9 10 11 12 13 14 15 16 17 18 W
Time (Hour)

Each generation curve of sunny, cloudy and
rainy days is helpful to analyze solar PV
generation, as output power generated by
PV is not stable due to the weather
conditions such as solar radiation

condition

Which season? Which day(weekday or weekend)? What time at nlgﬁt peak? Which phase (unbalance)?
Which weather (Sunny, cloudy or rainy? How much temperature?)

89
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Consideration of Storage Battery System Budget N ot e
No excess of VOItage No excess of Vo|tage drop* Excess of voltage dl’Op
Mw drop (*Assumption due to no data of actual load), during peak load at night
o < )
“0 4.7 MW 1 MW
a0 137 MW
3.50 whee
3.00
2.50
2.00
1.50
1.00
0.50
Cost estimation associated with capacity change of storage battery system
- Initial estimation of capacity: 100kW class for 0.5 hour class
- Estimation of Valachchenai F5: 1MW class for 3 hours (roughly 4 million USD)
..-".r.“.ﬂf:r-...,
AN MREY

Selection of Target Feeder

to Measure and Analyze Output Power/Voltage

91
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Target Feeders to Measure and Analyze Power/Voltage

LHUZ.
Pl = Prewr

AN MHEY

Previous selection of the target feeders by each DD to survey problems by mass VRE introduction

DD 2ndary Feeder
Province Area Substation kv [Name] Remarks
LECO
DD1L NCP Minneriya Polonnaruwa 33 Walikanda
NWP Puttalam Norochcholei Wind F2 Kalpitaya WP 12x0.85MW, Senok WP 8x1.25MW
DD2 WPN Gampaha Sapugaskanda FO
WNP | Veyangoda Veyangoda F8
WPS2 Panadura F1
Pannipitiya F4
DD3
Horana F4
Horana F6
SP Hambantota Hambantota 33 F2
DDA SP Hambantota Hambantota 33 F4
WPS1 Kalutara Panadura 33 FO7
WPS1 Kalutara Panadura 33 F08
(MW) Connected GSS Latitude Longitude
1 Japan Solar Plant (SEA) Gonnoruwa Phase | SPP 0.737 Hambanthota 6°13'31.31"N 81°4'38.07"E
2 Korean Solar Plant (SEA) Gonnoruwa Phase || SPP 0.5 Hambanthota 6°13'34.94"N 81°4'31.86"E
3 Saga Solar Saga (Baruthankanda) SPP 10 Hambanthota 6°13'53.59"N 81°5'8.85"E
4 Iris Eco Power Lanka (Pvt) Ltd Iris (Baruthankanda) SPP 10 Hambanthota 6°13'57.19"N 81°4'43.77"E
5 Anorchi Lanka (Private) Ltd Anorchi Lanka (Baruthankanda) SPP 10 Hambanthota 6°13'39.72"N 81°4'50.40"E
6 Solar One Ceylon (Pvt) Ltd Solar One Ceylon Power 10 Valachchenai 7°58'31.22"N 81°14'9.89"E
(Pudukadumalai) Solar PV PP
7 Vydexa (Lanka) Power Nedunkulam Solar PV PP 10 Vauniya 8°46'16.69"N 80°31'40.50"E
Corporation (Pvt) Ltd
Total 51.237

Copyright © Chubu Electric Power Co., Inc. All rights reserved

(LI
P PP
Target Feeders to Measure and Analyze Power/Voltage P
Targe feeder Itomation o measure and
e Please answer yes or no about the avai network way at the target area.
::E%g;‘:" — - h ;:':;:;u Class2G psc e jse G [Other way such as optical fiber, CEB own line, OPGW, etc.
g —————
Saion [ |mo e mm e m e mm e m——— T e e e T T
el T | Please select the first target feeder by each DD and LECO |
— 1 to measure output power/voltage. I
S s IR
I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I
netalation [Fecondary side (230V) ofthe PCS 1~ - TEmmmmmEmEmEmmmEmmm s ————— e ==
= T 1+ Itis OK even though there is no matter, as enhancing technical measurement :
Feodorena ¢ N ! capability is a main purpose. !
2 } +  How about considering the areas which WG 2 are selecting to forecast VRE 1
2 i output power. I
L e —p——— |
I I I I I I I I I I I I I I I I I I I I I I I I
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
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Target Feeders to Measure and Analyze Power/Voltage

LHUZ.
Pl = Prewr

AN MHEY

Selection of the first target feeder by each DD and LECO to measure output power/voltage.

DD ) _— . 2ndary Feeder
LECo | Province | District/Area Substation [kv] [Name] Remarks
NCP Minneriya Valachchena 33 F05 Load side of the boundary meter
DD NCP Minneriya Polonnaruwa 33 Walikanda
NWP Puttalam Norochcholei Wind F2 Kalpitaya WP 12x0.85MW, Senok WP 8x1.25MW
cc? Colombo ? ? ? CEB head office where WG2 will forecast RT-PV generation
EP Batticaloa Valachchena S8 FO05 Power source side of the boundary meter
DD2 | WPN Gampaha Sapugaskanda FO
WNP | Veyangoda Veyangoda F8
WPS2 Panadura F1
Pannipitiya F4
Horana F4
pb3 Horana F6
WPS2 | SriJ'pura Ethulkotte PSS 11 F4 Not far from head office where WG2 will forecast RT-PV generation
WRS2 Sri-d'pura 2 2 2 ICEB-DD3-offi h LG 2 will RT-P\-g¢ i
SP Hambantota Hambantota 33 F2
DD4 SP. Hambantota Hambantota 33 F4
WPS1 Kalutara Panadura 33 Fo7
WPS1 Kalutara Panadura 33 F08
LECO| WP? Gampaha Seeduwa 11 | Katunayaka |Many problems in LV lines by solar PV generation?

After measuring and recording, it will be analyzed whether there are any problems such as power flow excess,
over/under voltage, flicker, instantaneous voltage dip, harmonics. If any, how much level?

9

Target Feeders to Measure and Analyze Power/Voltage

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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AN BOCREY

Selection of the first target feeder by each DD and LECO to measure output power/voltage.

1
DD n District/ | Voltage n Measuring - et

LECO Province Area kV] Substation sites Remarks = 8»« o

DD1: Load side * =
DD1 | NCP Minneriya DD2: Power source side

132/33 | Valachchena|  F5 of the boundary meter

Solar One Ceylon Power
DD2 EP Batticaloa in Pudukadumalai is

forecasted by WG2.

Ethulkotte LV line side of T/F: TLOO7(D)
DD3 | WPS2 Sri J'pura 33/11 LV line in F4| Refer to forecasted RT-PV )
PSS ’ )
generation at CEB head office
. LV line side of T/F: RR3
? ? ?

DD4 SP  |Hambantota? |132/33? |Hambantota? LV line SAGA Solar Power is forecasted by WG2.

2ndary side of a T/F
LECO wP Gampaha 33/11 Seeduwa LV linein | Many problems in LV lines by solar PV

Katunayaka | generation
Approx. 25 km far from CEB head office

After measuring and recording, it will be analyzed whether there are any problems such as power flow excess,
over/under voltage, flicker, instantaneous voltage dip, harmonics. If any, how much level?

95
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Target Feeders to Measure and Analyze Power/Voltage

’LHU#

Selection of the first target feeder by each DD and LECO to measure output power/voltage.

[ = Pemns

AN MHEY

Province| District/Area | Substation Feeder Remarks
<DD1> Feeder end side of the boundary meter
DD1 | NCP Minneriya 132/33 KV <DD2> GSS side of the boundary meter
. F5 SPP2 (Solar One Ceylon Power generation) in
Valachchenai ;
DD2 Ep Batticaloa Pudukadumalai forecasted by WG2 can be
referred.
33/11 KV T/F: TLOO7(D)
DD3 | WPS2 Sri J'pura Ethulkotte F4 RT-PV forecast by WG2 at CEB HQ (SPP5),
not far from TLOO7 may be referred.
TIF:
DD4 SP et m F2erF4 | Which transformer with many VRE in LV line?
WP Colombo : F7 SAGA Solar Power (SPP3) forecast by WG2
Ratmalana
may be referred.
T/F:
Many problems in LV lines by RT-PV
33/11 kV  |Katunaya| generation
LECO| WP | Gampaha | gooqiwa ka | RT-PV forecast by WG2 at CEB HQ (SPP5),
approx. 25km far from Katunayaka, can be
referred.

After measuring and recording, it will be analyzed whether there are any problems such as power flow excess,
over/under voltage, flicker, instantaneous voltage dip, harmonics. If any, how much level?

96

97
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measurement of the Target Feeder
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Preparation for Measurement

"Lﬁus..
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AN MHEY

m Check the necessary procedures for measurement at the target sites such as GSS

m Consider how to measure output power/voltage at GSS and VRE connection site

m Confirm the operating conditions, etc. of LRT at S/S to measure power/voltage
curves for 24 hours on weekday and weekend later.

H Preparation for the first survey at the measuring points in advance

" -
Elslctnc Power | izlouantiy| Responsibility Person to handover Expected
easuring ation | [pcs] person i SElvEy
Instrument Name TEL Email
Clamp onpower | pp1 | 1 | Sub-leader?
logger
DD2 1 Sub-leader?
DD3 1 Sub-leader? Tentatively,
End of
DD4 1 Sub-leader? DEC, 2021
- LECO| 1 Sub-leader?
Power quality | o g Leader?
analyzer
98
. . [P .
Data Records by Measuring and Analyzing Power/\Voltage  fueow e

|Lood)

Ligh Leod

G a2 8 » u

[Tirna]

99

How much
difference?

[—p—

w1 o3

How much? 33kV Feader
—
@ 33/0.9kv p & 33/d 4kv
i
4 Q
How much
harmonics in
ﬁ_' each degree? ﬁ_
Foith i ] Wb 1
: s "Il’“‘l‘we""|iwl.'\lﬁ"'”[\f""“w N’ ! S — PO
i : | F R @ PV current < Consumer load current |

(@ Consumer load current < PV current < Total current at service pole
(@ Total current at service pole < PV current < Total bank current
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Location of the Target LV Feeder 01 of TL-007 Transformer N ot

Supplied by Ethulkotte PSS Feeder 04

Goodle Earth

Parliament
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AN MHEY

LHUZ.
Pl = Prewr

WG 3-2: Activities to Achieve the Targets

m Collect the connected load and generation capacities along the feeder and their monthly
consumption.

H Measure power/voltage fluctuation at rooftop solar-PV generators of residential prosumers.

® Generation curves in sunny, cloudy(obtained) and rainy days

B Measure power/voltage fluctuation at the outgoing point(obtained), two major branching
points, two end points.
e Load-generation combined fluctuations
for 24 hours at both weekday and weekend obtained
m Check the connection phase of 1¢
consumers to estimate phase
unbalance more exactly (Obtained).

“

st

¥ Pae |

v T MeoT
g

m Consider suppression way such as
BESS and conventional countermeasures against voltage fluctuations

m Estimate and compare their suppression effects against voltage fluctuation by the prepared
model.

B Share the results and knowledge one another

LHUZ.
Pl = Prewr

g

AN BOCREY

Measurement of LV Voltage/Current at the Target Site

2022/12/23

» Measure and analyze the voltage fluctuation in No.1 LV feeder of TL-007 transformer in Ethulkotte
to estimate cost effectiveness comparison between BESS and conventional countermeasures.

Most of necessary data and information were obtained for modeling and analyze.

Measurement data are being prepared to estimate load fluctuation.

Lots of DER (residential rooftop solar PV generators) are interconnected to the LV feeder No.1.

Measuring point 5
l —: Consumer or Prosumer l
Vi
> -

b=

<Image>

-

Measured point of
generation curve
at a residential
rooftop solar-PV
generator

—

o

s

Total current of LV feeder No.1
measured at T/F TL-007 for 24 hours
(Interval of 15 minutes)

ie

WHH

Measuring point 4

Tr TL-007 has 5 feeders.

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Solar-PV Generation Curvel by Residential at the TL-007 F1  fpoon soer

4 kW rooftop solar PV output {213 m distant from TL-007) on 23 June, 2022

Fraes W | Poer tacter

Copyright © Chubu Electric Power Co., Inc. All rights reserve: d
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Solar-PV Generation Curve 2 by Residential at the TL-007 F1  fpoom soer

gth July, 2022 s

Generation power (K|
Voitage [V)

w/ '
o Ganetation power (kW)
e Voltage (V]

00 — L 15

500 o0 00 500 500 2000 1100 12:00 1300 3400 1500 16:00 1700 800 1500
Time
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Solar-PV Generation Curve 3 by Residential at the TL-007 F1  Fsonso

AN MHEY

35 : 255
———————————————————————— ‘Pr i !‘“”FT WJ(»IIAUG 2022
Al | 235
mw
$25 I | 215
_:_ |
g 2 195
515 ! ' :Hu: S B
LY
o |
g 1 | , \ u 155
i i/
. 'l i |
05 l } | TIfR 135
0 : 115
0:00 0:00 0:00 0:00 000 000 0:00 ©:00 0:00
Time
o i
Measurement of Power/Voltage at the TL-007 F1 Py

VI measurement
instruments

in a box on pole
in a rainy day

T,

S
» b
' it
w o
Ve ” -
ol - o
Jot - 7
, 1| . ¢ et
4 T NogoT = e ‘. W
= ror n
Vg
Vemsrg > 4
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Measured Voltage/Current at the TL-007 F1

18:00 21:00 00:00 03:00 06:00 09:00 12:00
8/30(Tue) 8/31(\ed)
ol
Measured Power/Power factor at the TL-007 F1 N s
-20
-30
-40
22 g
-60
-70
18:00 21:00 00:00 03:00 06:00 09:00 12:00
8/30(Tue) 8/31(Wed)
+1.00-
& 095
-0.90-
18:00 21:00 00:00 03:00 06:00 09:00 12:00

109

8/30(Tue) 8/31(Wed)
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Measured Voltage/Current at the TL-007 F1

2022/12/23
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250
s e
2004
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o=
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150
—Z 100+
504
0
0300  06:00 0300 1200 1500 1800  21:00  00.00
2/31(Wed) 9A1(Thu)

. ..-".-.“,'-Ea.,.
Harmonics - Peak Level(0 - 50th) at the TL-007 F1 Py
e-__ W

104
=
==
o LE
0 - —_—
B T e I T T e A P S
813172022 1:16:34 AM-9172022 120343 AM

55


https://www.n-koei.co.jp/
https://www.n-koei.co.jp/

’LHus..

P Pl -Poe:

AN MHEY

Modeling of Target Feeder

to Measure and Analyze Output Power/Voltage

112

113

Target LV Feeder with VRE - DD3 Area -

.
o* '.
o .
DAy, -
Cll .
K o
s
0 5
______
. ‘
Rl
"
5
5

W wesy

- Low Voltage Feeder -
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fDAREECEHRDAI v

Table: Information of SPP
interconnected to LV line

Accnumt no Capaciny Comected Propwesad E .
13 Mave Mhuse H r
471K146708 40 n " E |
217191 o ® R ' ".
20K 2N 04 1] Y E s
4295145119 o ¥ 3
200070400 () R n §
295100918 1.2 L] H E
4205171018 o K # —
4208138214 o " Y
4299104900 n R R - L S £ &
o4 WY 1
/ T E ’ _ TLumy
CustomerID (applied) B e
generation (recommended) i —F—
capacity : o
114 Copyright © Chubu Electric Power Co., Inc. All rights reserved

Modeling of LV Feeder with VRE s

Modeling of distributed load and VRE and facility information (line constant, etc.)
Necessity of connecting phase information (R, B, Y)

TL-007(D) F4 Load :ano‘ 18% ||Gratio | 80%
Main route ¥ Load Generator Remarks Line specifications
H Load ratiog =
H Total Tr H ) ) ’
’ ’ ) [(SS load)d & VRE P ’ Wire
S/S side MV line end side Lengthd 2Load | (load) - ! Solar PV specifications, etc. Wire type | %
- Ry /(Total Trg Gapacity | capacity size R X
H capacity)] =
(Grid power source side) (Connection point) m s kW KW w3 kw W - - mm~2| ohm/km | ohm/km
TL-007(D) P . 23.2 42 41 0.0
P X1 H 232 412 4% 0.0
X1 2 =30 23.2 12 4= 0.0
2 Q . 202 36 48 0.0
Q x3 H 20.2 36 1 0.0
3 x4 H 20.2 R 0.0
x4 4208162805 =50 20.2 36 48 0.0
4208162805 4210247200 H 15.2 27 {a 0.0
4210247200 4217199201 =30 15.2 B 0.0
4217199201 4218146705 =42 12.2 22 4% 0.0
4218146705 R H 80 14 4 0.0
R 4295118710 H 80 14 3 0.0
4295118710 B HR Lai No. 838 . 80 14 48 8.0
B HR Lai No. 838 3 H 80 14 4 0.0
X5 4295145319 =40 80 14 3 0.0
4295145319 4203070600 =40 4.0 07 4% 0.0 - DD3 Area -
4203070600 end H 0.0 00 1= 0.0 | | |
115 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Modeling of the TL-007 LV F1 S

Mix of
Pole LV line Customer load Solar-PV CO”S;TLP“O”
span specifications _ con’sumption ‘ generation generation

O V/I load measurement pole
O Generation measurement pole

116 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Share of Typical Matter

- Voltage Excess Matter in LV Line -

LHUZ L
P PP

Requirement for Safe and Stable Supply Reliability in Sri Lanka  jmeam oer

= Allowable Voltage range

®33/36 kV 33/36 kV -6% ~ +6% -10% ~ +10%
®11/12 kV 11/12 kV -6% ~ +6% -10% ~ +10%
©230/400 V 230/400 v -6% ~ +6% -10% ~ +10%

Facility Loading rate criteria

o 70% for economy
m Replacement Distribution line 1250 for emergency

due to overload Distribution substation 80% for normal

?% for emergency

Primary substation
125% for overloading

® Harmonics When installing the inverse converter (inverter), set the
@ Total harmonic outflow current to the followings.
® Each - Total current distortion: 5% or less

- Each current distortion: 3% or less

2 Copyright © Chubu Electric Power Co., Inc. All rights reserve. d

2022/12/23


https://www.n-koei.co.jp/
https://www.n-koei.co.jp/

LHUZ.

Preconditions to the Explanation of Voltage Excess Matter _#.,...
- Voltage Regulation Value in Japan - AMDBON ReED

Ministerial Ordinance for the Enforcement of the Electricity Business Act

<Article 38>
Standard Voltage Values to be maintained
100V 101£6V (95 ~ 107 V)
200V 202+20V (182 ~ 222 V)

The voltage value is judged by “30 minutes average value”.

Typical Phenomenon by VRE Introducton 7 ™= ro

When a distributed power supply source, such as a solar
PV(photovoltaic) power generation system installed in a house,
is interconnected and supplies power reversely to a LV system,
the voltage on the customer side of the service wire becomes
higher.

After
interconnection

103V v
Before interconnection

2022/12/23
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Power Flow without Generator AN ROEY

Electrical property

Just as water flows from high to low, electricity has the property of
flowing from high (generated side) to low (used side) in voltage.

_ e
Pole mounted T/F Other houses  Pole for serving

Voltage

High

Low

% Power source side Load side F

Copyright © CHUBU Electric Power Co.,Inc. All Right Reserve d

Power Flow with Solar PV Generator P

Electrical property

Just as water flows from high to low, electricity has the property of
flowing from high (generated side) to low (used side) in voltage.

Pole mounted T/F Other houses Pole for serving

Voltage

High

Low ‘ 

% Power source side Load side }=
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PCS (Power Conditioning System) consists of

® INVERTER
Convert DC to AC
® PROTECTION DEVICE
Prevention of islanding
Control of voltage, current, frequency, etc.

High quality output by suppressing voltage fluctuation
like flicker, harmonics, etc.
® BREAKER

Stop and disconnect in case of emergency

'b:._

= e

Copyright © Chubu Electric Power Co., Inc. All rights reserves
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Consumer Side Circuit and Components with Solar PV Generator fom wee
To pole Supplying  Purchasing v A d

From EPCO From Customer <]Q> .

to Customer  to EPCO =N % Photovoltaic panel
Watt Watt V % i Jl/y
hour hour m )4
meter meter A

t IG5y 2=
— )

( J Power
Service breaker Panel in flow
Customer’s main house
breaker

Switch
Customer's for solar PCS for solar PV generator ~ Connection
bragrcegﬁler::un Y/ 4 box []
To c;L'Js:togméer s » Breaker Inverter
qreuts - (DCIAC) M maoe
vy vy Output AC Vonit Control Input DC
e . " onitor AC DC
Protection device
13 including AVR Control
. . . ..-'r'.r.“.l':fr-...,
Brief Overview of Solar PV Generation System Py
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Power Flow with Solar PV Generator omnan,
Power flow from Grid Side = <+—— Power flow from solar PV generator

Pole for
serving

Load 10 A

Other houses

<
**--.._/ Load

Other houses

10A

\/, In case of 5 A flows
from solar PV

74

%

[

Load 10 A

Voltage

Pole with T/F |

| Pole of serving

Panel in house Q PV generator
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Power Flow with Solar PV Generator

2022/12/23

Power flow from Grid Side m— <+— Power flow from solar PV generator

Pole for
serving

Load 10 A

Other houses

<
**-..____/ Load

Other houses

10A

_~ In case of 15 A flows
d from solar PV

74

e

N__5A (1

%

10A

[lSA

Load 10 A

Voltage

10

Pole with T/F | | Pole of serving

Panel in house Q PV generator
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Power Flow with Solar PV Generator omnan,
Power flow from Grid Side = <+—— Power flow from solar PV generator

*;*-.,__/ Load 10 A

Other houses
10A In case of 30 A flows
\§// from solar PV
i y
\ 20A f I 7

Pole for
serving

Other houses

Voltage

Pole with T/F |

| Pole of serving Panel in house Q PV generator

11
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i 1 H . . ’LHU#...
Consideration of Voltage Fluctuation on Application o e

AN BOCREY

Voltage Regulation Point and Value

VA
[

Pole where service wires are
connected to a distribution grid.
(Voltage regulation point)

Considering the influences on
consumer’s equipment on the
premises, it is desirable to
maintain the voltage on the
premises as well. Therefore, the
Mpole for serving is set as the
voltage regulation point in
principle.

(maintaining at 107V or less*).

S
.

~/

* LV regulation: 101+6 V

12

Copyright ® CHUBU Electric Power Co.,Inc. All Right Reserve: d.
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Consideration of Voltage Fluctuation on Application Jeou s

Set Value of AVR in PCS

Pole for serving
(Voltage regulation point)

Considering the influences on
consumer’s equipment, in order to
maintain the voltage on the
premises at the appropriate voltage,
in principle, set it to 107+AV(V) so
~Tthat the output voltage does not
deviate from the appropriate range.
If it is set to exceed 107+AV(V), the
voltage in the premises may
deviate from the appropriate range
depending on solar PV output.

13 Copyright © CHUBU Electric Power Co.,Inc. All Right Reserve d

LHUZ L
P PP

Consideration of Voltage Fluctuation on Application o ws

Function of AVR (Automatic Voltage Regulator)

AVR in a PCS works to secure safety by suppressing power sales (output) so that
the output voltage does not deviate from the appropriate range, in order to
maintain the customer's equipment at the appropriate voltage in consideration of
the influence on the premises load equipment.

PCS (Power Conditioning System)

Breaker for Solar PV
interconnection generator
A Inverter
A T tori (DA A
C output Monitoring DC input
Controlling AC DC

Protection device
including AVR Controlling

All of the PCS certified by JET (Japan Electrical Safety and Environment
Technology Laboratories) has this AVR function.

14 Copyright ® CHUBU Electric Power Co.,Inc. All Right Reserve: d
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AN MHEY

Voltage Rise Suppression of Solar PV Generator

Basically, measures against voltage rise are considered for each individual interconnection, but the form of installing an
AVR is standardized in advance due to the need to shorten the individual consultation period and reduce costs.
What is AVR(automatic voltage regulator)?
Safety device to suppress the sale of electricity so that the output voltage does not deviate from the appropriate range.

< When selling electricity from a solar power generator (when generating) >
---- 107+AV --AVR setting value

W No suppression
R SE 106V - -pV output
©
Q0" B
(Ex) 3V up at 100%
|| Since it is 108V or less, PV output is not suppressed. ||
Excessing the standard
_* ! a ‘ .Suppressed

-107+AV -2 PV output
: = up to AVR setting value

(Koo

Grid voltage
103V
|
When the grid
voltage is close to
the upper limit
i
Grid voltage
106 V

power flow

|| AVR detects over 108V and suppresses PV output. ||

15

Copyright © CHUBU Electric Power Co.,Inc. All Right Reserved.

Consideration of AVR set value

Voltage regulation point shall be at a pole for serving, and the supply voltage to
other consumers shall not deviate from the appropriate voltage range.

Other houses

Pole for serving

Other houses

AV
Regulation point
(107 V)
The maximum voltage rise value (AV) between an AVR and a pole for serving is calculated
and 107V is added to the AV to calculate the upper limit of the AVR set value, since it is
practically difficult to detect the voltage at the pole for serving and adjust the voltage.

Keep 107+AV (V) or less

16
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Inquiry for Output Suppression of Solar PV Generator p—

< Due to voltage rise by solar PV power generator itself >

Example: Case of reverse power flow from solar PV power generator

@ PV current < Consumer load current
(@ Consumer load current < PV current < Total current at service pole
(@Total current at service pole < PV current < Total bank current

Solar PV Generator output power has to be suppressed by AVR.

Voltage
High L €)

-
p—
-

/ ®
@
Low
Pole with T/F Pole for serving WHM Panel in house PV G
17 Copyright © CHUBU Electric Power Co.,Inc. All Right Reserve d
. . ,..’ fHuss
Inquiry for Output Suppression of Solar PV Generator P

< Supply voltage deviation from the standard upper limit >

Example: Case of insufficient voltage management such as voltage tap error,

Ferranti phenomenon (@ Case of large PV current
@ Case of small PV current

Voltage .
g Solar PV Generator output power is suppressed by AVR
High due to supply voltage deviation.
.................... __%_______ ©
.....ﬂ“———’__
/\ L
Supply voltage deviation \i‘/ @
107 V + =
Low
Pole with T/F Pole for serving WHM Panel in house PV-G

18 Copyright ® CHUBU Electric Power Co.,Inc. All Right Reservel d
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Adjustment of AVR Set Value omnan,

< Conditions to change AVR set value >

Under the condition of understanding that a utility is not responsible for any failures
of electrical equipment due to voltage rise.

A,f,{lll 77

b

If AVR value is set to 107+AV [V],
the voltage generated by the PV

power equipment may rise to the
set value, and the voltage on the

customer's premises may exceed
107 V.

Copyright © CHUBU Electric Power Co.,Inc. All Right Reserved

Problems
by VRE Interconnected in LV Network
and

Comparison of Their Countermeasures

20
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Problems in Distribution Networks and Their Countermeasures %"
!

Problems by mass VRE Their countermeasures

Reverse overflow (high loss) » Shift peak load
Overflow (high loss) by peak load > Suppress reverse flow
Voltage range excess (long-cycle) > Keep voltage in a proper range

* Voltage rise around mass VRE » Suppress voltage rise

* Voltage drop in a remote area » Suppress voltage drop

* Phase voltage unbalance » Balance phase voltage

Voltage fluctuation » Improve fluctuation

» Short-cycle fluctuation » Level voltage to a target value

¢ Flicker, etc. > Smooth flicker

* Harmonics » Reduce harmonics
21 Copyright ® Chubu Electric Power Co., Inc. All rights reserve d

: : ..’ Y

Countermeasures by BESS and Other Ways in LV Line b

Expectation by BESS in 400V Other countermeasures

Enlarge capacities of MV/LV T/F, LV line, etc.

Shift peak load

/‘
Suppress reverse flow |§. Add T/F and divide(shorten) line

Level voltage to a target value \ Adjust demand (tariff, regulations etc.)*

Manage/regulate the setting of VRE output (power

Suppress voltage rise

factor, harmonics, max. voltage, etc.)*

Suppress voltage drop

Balance phase voltage Manage/revise manual tap of T/F*

Smooth short cycle fluctuation ¢ Change connection phase of load/VRE*
Smooth flicker  Install MAI Pole
Reduce harmonics <  Install L-SVR

* Countermeasures such as management require no or few investment cost.

22 Copyright © Chubu Electric Power Co., Inc. All rights reserve d

2022/12/23

11


https://www.n-koei.co.jp/
https://www.n-koei.co.jp/

2022/12/23

[Reference] Countermeasures by Facility Enhancement ,..f pRus
- Division of LV or MV line with additional T/F - il

Problems of Voltage range excess Countermeasures

mm—) Current
Distribution Line e CUMrENt e—)

Ve
$ S8

<
o
=
QD
«Q

Acceptable Range
s
5
«Q
[v]

Acceptable Range

Dividing (shortening) an area supplied :> Adj
by a T/F and shortening LV line

Shortening LV lines also contributes to reduce distribution loss a lot.
23

usting the supplying voltage
by tap changer, if needed.

Copyright ® Chubu Electric Power Co., Inc. All rights reserved

[Reference] Countermeasures by Another Facility S
- Voltage Regulators (LV) for Countermeasures - R PED

~.e

.
-

-
. -/ .
ki-jp/products/catalog. paf/svg-tur. pdf aparight @ GHEBU Elachic Pamer

N m e v

Source: I;ttp://www.aicﬁiuen

12
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[Reference] Countermeasures by Facility Enhancement ,..f pRus
-RegacementK)ThmkerConducuw- AR FEER
200
| | | | d"""-_""-l-..___
— 150 125mimi2 il el
2, — — Gimimg? Q"’
8 100 - Grnrr\-ﬁ 4".‘
£ ~= S e e qy—
: | %
S 50 2 —
3 T
> -__.- L. -
- -
o = — "_'_____.-
R S e ||
—50 === — In case a current of 100 A flows —]
100 through 1 km overhead line

0. 20 0. 40 0. 60 0. 80 1.00 0. 80 0. 60

Power factor

Figure: Conductor thickness and power factor dependency of voltage drop

Voltage drop can be less according to the thicker conductor change from 5 mm to 60 mm?
and from 60 mm? to 125 mm2 even without power factor change in these conditions.

25 Copyright ©® Chubu Electric Power Co., Inc. All rights reserved
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’LHus...
Ex1) Countermeasures against Voltage Drop Excess in LV Line in Japan N ot
Additional T/F
BESS (LV area division) LV:SVR
Main 400 V 6600/210 V 210V
spec. 50 kW - 0.5 hour 90 kVA 90 kVA
Material
Cost* [$] 0.2 MIL 0.02 MIL 0.02 MIL

Image

* Costs are roughly estimated in an example case of Japan. Construction costs are not included.

If an additional MV/LV transformer or an LV-SVR would be installed to improve
voltage drop excess, it would cost lower than BESS installation.

26 Copyright ® Chubu Electric Power Co., Inc. All rights reserved.
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Ex2) Countermeasures against Voltage Drop Excess in LV Line in Sri Lanka 4 nnmu sner

Please input the conditions, total and breakdown(if possible) costs, etc. of each
countermeasure against voltage drop excess in an example LV case in Sri Lanka.

: Additional T/F Thickening wire
BESS (LV area division) (Double capacity wire)

. 400 V 400 V 400 V
Main spec. ey 50 kw - 0.5 hour 50 kVA 2A > 2A
*
etz CToet 2 MIL 2 MIL 2 MIL
(8]
Conditions,
breakdown,
etc.
in Sri Lanka
* Costs would be roughly estimated in an example case of Sri Lanka.
27 Copyright ® Chubu Electric Power Co., Inc. All rights reserve d
. . .-".-.“,':'Fa.,
Ex3) Reverse Flow Excess in LV Line Y
33/0.4 kV Power flow
Transformer In LV line ﬁ‘, ﬁl’
W W 3 - 3
> 9@ Y P
/ /- / /-

Partial

z congestion I= @ \ﬁ » @ \ﬁﬁ'
Capacity excess w 1 A 3 \‘:j
51\/ ~~ I

Enhancement
is essential

How to take a measure?

@ Upgrade of the distribution facility to accommodate large amount of VRE
(Facility countermeasure by thickening feeder or transformer division, etc.)

@ Install BESS How much hours needed for?

2022/12/23
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Ex3) Countermeasures against Reverse flow excess / Overflow in LV Line in Sri Lanka @0 e

Please input the conditions, total and breakdown(if possible) costs, etc. of each
countermeasure against voltage drop excess in an example LV case in Sri Lanka.

: Additional T/F Thickening wire
BESS (LV area division) (Double capacity wire)

. 400 V 400 V 400 V
Main spec. 54w -2 hours 50 kVA 2A > 2A
*
Veitel C i 2 MIL 2 MIL 2 MIL
[$]
Conditions,
breakdown,
etc.
in Sri Lanka
* Costs are roughly estimated in an example case of Sri Lanka.
29 Copyright ©® Chubu Electric Power Co., Inc. All rights reserved
. . ’LHus...
Capacity excess by VRE in LV feeders e
o e e e e RTINS e :
«  Overflow (high loss) by peak load Yes we have e, SRS
How much capacity of SPP are there BE= BT
in the LV feeder? o
Table: SPP list in the left figure F s
Accnast Do Capaciry Comected Propeaal ' \
13 Mac Muse p |
471K146708 42 n " "
a7 o R R
420K 625 05 " Y
4295145019 - R R b P
A200070N0 4 R b — = F = x
4295130918 12 4 " I e ey ¢ f——
3205171018 o R 0 e B Y i
42081382 1h () B Y f'. £ ‘::’ .i'-, :%,1 i CHL:?::]S;
290104900 ™ R ® ' Y 3 L HE B
Total SPP capacity: kVA >? T/F capacity: 250 kVA
Partial SPP current: A >? Conductor capacity: A

*Tentatively supposed to ignore the changeable consumer demand. &

38 Copyright ® Chubu Electric Power Co., Inc. All rights reserved.
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Capacity excess by VRE in LV feeders P s
ANOPE AATHEY

. Reverse overflow (high loss Yes we have RS EAAA LIRS AL RER TSR s e e n e ¥
e Overflow (high loss) by peak load Yes we have H 0 ot :
How much capacity of SPP are there in the LV feeder? [P

Table: List of 11/0.4 kV T/F and installed SPP capacity : Bl % B E—

csc "TRANSFORMER | Number of (s Panel Transformer Type -

CODE Accounts Capacity Capacity

01 AZ0184 43 252 236 250 D >

o1 AZ0197 20 136 133 160 D | 83% 8

01 AZ0204 31 214 197 250 D | 79% o

01 AZ0206 24 133 129 160 D | 80% LIS

o1 AZ0208 16 124 122 160 D | 76% ! i O

01 AZ0223 18 150 135 160 D | 84%

01 AZ0228 33 218 203 250 D " }
L 01 AZ0512 26 191 167 160 D o

01 AZ0518 14 98 87 100 D | 87%

01 AZ1028 14 79 79 100 D | 79%

03 AZ8136 1 800 886 1,000 C | 89%

03 AZ8176 1 200 211 250 C | 84% - p

03 AZ8190 1 120 126 160 C | 79% g ¥

06 AZ0444 13 153 128 160 D | 80%| g lp— -

06 AZ0823 13 ) 88 100 D | 88% S

06 AZ0830 8 76 76 100 D | 76% Tt ] [ o CUME

06 AZ8510 1 225 243 250 (o] o | . B

06 AZ8524 1 120 132 160 c | 8% =" 1 Y : * Highest

<? * Some of the data might not be uptlated. = k- Nk i 4 current?

« » 3 % g
SPP output >? Load demand” at the same moment. b

Total SPP capacity:

167 kVA > Actual max. SPP output: ? kVA (?%)

Actual max. SPP:

167 x?% kVA > T/F capacity: 160 kVA

Maximum demand:

kVA >? T/F capacity: 160 kVA

Minimum demand:

kVA >7? T/F capacity: 160 kVA

39 Copyright ©® Chubu Electric Power Co., Inc. All rights reserved
Capacity excess by VRE in LV feeders ...’H“E;
- Consideration of Peak Shift Hours - P
Shift peak load by BESS only during limited peak time
Or enhance whole facility capacity in LV network
X
o Peak shift
- by BESS
o
150
X
L
o
& 1
, 03/06/2014 -Wet day !
RGN b R & A L SRR B e -tnm-Lm L lem;
]
CQROINIDIN A0S0 G P50 EW 25010 X008 2002 0012008 X005 s x0 l'III LOLE ) !'J'! o xnon
41 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Voltage Range Excess by VRE in LV feeders AMDBON ReED
Voltage range excess (long-cycle) .
o Voltage rise around mass VRE __ Yes we have hi.
o Voltage drop in a remote area Yes we have 1
o Phase voltage unbalance Yes we have =200
- Rise

MV/LV Transformer

.| excess?

) Current
e e CUTENT  e—
& L
: L1 \
{ B e, @
A Voltage - -

. .
---------------

(]
[=2)
E Day time in a sunny day 4
% """"""""""""""""""" i ’ e
o [|
8 Night peak time ! it <
<| | Where and How much level 1| 1
. of voltage fluctuation are ‘ [ f{}]
** there in the LV feeder? +4 I
42 apaTight: § GHUBU Elaciric Fawar
..-".r.“.l':fr-...,
NI STHEY

Problems

by VRE Interconnected in MV Network

and

Comparison of Their

43

Countermeasures

2022/12/23
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Countermeasures by BESS and Other Ways in MV Line b

AN MHEY

First of all, consider who are responsible for countermeasures.

Expectation of BESS in MV Other countermeasures

, Add T/F with space and MV line (new feeder)

/:Enlarge capacities of T/F at S/S, MV line, etc.
Capacity overload by peak load §
i»/“

Capacity overload by reverse flow # Adjust demand (tariff, regulations etc.)**

Level voltage to a target value ¢ tManage/regulate the settings of VRE output (power
e Lfactor, harmonics, max. voltage, etc.)**

Suppress voltage rise

t Manage/control automatic tap changer of LRT**

Suppress voltage drop :

» Change connection phase of 1phase load**

Balance phase voltage <

: Install SVR (long cycle) [6kV-5000kVA, 0.1MIL$]*

Smooth short cycle fluctuation ¢

Install TVR (short cycle) [6kV-5000kVA, 0.15MIL$]*

Smooth flicker ) Install STATCOM (20ms-~) [6kV-300kVar, 0.15MIL$]*

. d
Reduce harmonics <

* Costs are roughly estimated in some example cases in Japan.
** Countermeasures such as control and management require no or few investment cost.

44 Copyright ©® Chubu Electric Power Co., Inc. All rights reserved

[Reference] Countermeasures against Mass VRE Installation Problems ..-".r.“.ﬂfa., _
- Enhancing Facility or Installation of BESS - MBI REET

Power
Enhancement 132/33 kV flow Solar PV
is essential? SIS S

132 kV

power system Distribution system

Congestion

or
Capacity

Enhancement
is essential? excess
InstaII BESS

How to take a measure?

@ Upgrade of the facility to
accommodate large amount of VRE

(Facility Countermeasure by \ How long needed?
thickening transmission line)

45

or Partial congestion Enhancen_'lent
. is essential?

2022/12/23
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[Reference] Capacity excess by VRE in MV feeders ..-’h“l-:fa....
- Enhancing Facility or Installation of BESS - BB RS

Shift peak load by BESS only during limited peak time
or enhance whole facility capacity in LV network

Peak shift
by BESS

1 []
000 100 20 230 €00 530 G0 V0 K S50 10 2008 X002 011008 X0 A 008 018 X2R 03 XU XY X1 0

Merit of BESS
Facility enhancement costs the same between longer and shorter compensation,
while BESS introduction costs lower in case of shorter compensation.

46 Copyright © Chubu Electric Power Co., Inc. All rights reserved

[Reference] Voltage Rise Excess by VRE in MV feeders '_!mf;m
- Enhancing Facility or Installation of BESS - MBI REET

Suppress voltage risen by VRE output in sunny daytime, by absorbing (charging)
BESS, etc. or enhance the capacities of all the related MV facilities

Voltage decrease around mass
VRE during VRE generation

Active power shift,
reactive power output,
etc. by BESS

03/06/2014 Wt day i i

1 1
LA B AL & A ¥ AT SN W Y o DAl kel wle ol

1 CRINIDID NS0 V0 W 25000 X008 X002 X012008 X005 200 00 l.‘lll e llJ!IlJ.' o
Merit of BESS

BESS has multi-functions to control output power/voltage.

47 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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[Reference] Voltage Regulators (MV) for Countermeasures b

("
i
i
i
\

@-x/

[Reference] Countermeasures against Voltage Drop by Another Facility ,..’ ERusy

Fler =P

- Installation of SVR - AN FECEY

B Step Voltage Regulator(SVR) is used for distribution voltage management, which
compensates voltage by switching tap automatically.

B SVR monitors system voltage, and if the voltage deviation happens, SVR changes the tap
to keep the voltage in a suitable range.

Power Line Current

Acceptable Range

Adjustment Value (Target Voltage / Dead band Width)

49 Guparight 8 CHUBU Elecine FPawer Ca inc AN ®ighi Reaerved
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SVR (Step Voltage Regulator)
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AN MHEY

Rated voltage: 6.6, 11 and 22 kV

50

Copyright © Chubu Electric Power Co., Inc. All rights reserve: d
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’LHus...
Tap Change Structure of 6.6 kV V-Connection SVR b
Power ) 1 Windings 1, L oad N
source U 02 2 u .
) ﬂ .3 3 side
~side 5 ! , y,
Fixed tap
V. ‘ (passing without voltage change)
Set at the installation
Changeabletap -... 4 and kept fixed
""" 203 3
ng} .2 2 w
o1 = 1
. Changeable Winding ratio
Fixed tap tap Output voltage (primary/secondary)
1 One step down: -150V 6750/6600
5 2 No step up/down: OV 6600/6600 (No step)
3 One step up: 150V 6450/6600
4 Two steps up: +300V 6300/6600

51
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Reference: Outline of advanced SVR AIBBAN HEE!

o7y JEREZMNE (150=275V) L, AREBIEEMHN (£1.5%=0.8%) 33ZET, BEAREDNEN

@ 3077 [CEEBRERSNCAKFIRZIRIE CRETDIENTEDIESH, PVNKE(CERT DEEHRREFHTFICKD
THRNARS K EB T ZIHACE, BERBROBEZ L - FTRIEAICINDSD Z &N ElHE

067U L —ZEMMET, WhRRCEXMAETEMELEBAROYERECLINDEEZRAEITZEETEID, HIERR
EDRFINBR(ICHVWTEEE AN TTHE

52

53

< HEERTEAR S

—RYYVTEBE 7,050 ~6,300V 6,975 ~6,375V

* B

FYTHBE 150V 75V
Sy TR (BELE A 5
5
- +450 ~—300v 375 ~=z25v
R (2F%) @ 300 ~—300V
J&S 3 04 @5
o
WA g =HET
PR il 95.0~119.5V(0.5VA 7w ) 95.0~119.5%(§0.1v17——\y
HEEEAETZEDD, FREFEEGRE +1.0~4.0%(EHTEETE) 10.8~4.0%(()). %6279 T
- i »
HIEERS BRI e (EBRBSEY | 1sec 27w )
R X :0~24% (1%Z5v ) R
’ LHUE
. . . . P PP
Outline of SVR for Distribution Voltage Management MBI REHEY

B Step Voltage Regulator(SVR) is used for distribution voltage management,
which compensates voltage by switching tap automatically.

B SVR monitors system voltage, and if the voltage deviation happens, SVR
changes the tap to keep the voltage in a suitable range.

mm—) Current

e CUITENT — |

SVR

Power Line

Voltage
glk
(]
j=)
3
© With SVR
g
a 1 "Traa,, Without SVR !
o ...".. :
< ! ey

Adjustment Value (Target Voltage / Dead band Width)

aparight @ GHUBL Elacinc Pamar Co e &1 g Baaered
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[Reference] Countermeasures against Voltage Drop by Another Facility ,..’ EHus,
- Installation of SVC (Statcom) - AR HEES

[Occurrence of the Ferranti phenomenon ]

T T 1

150 125mm2 ; 2 -"--"‘""--._._
= — — Gomm2 PF 150.94
g ——— Bmm AV: 1501115 —
5 190 PV e e e g
S ‘,."“' -
] 50 -t ,,1'
o -
> - . -

o . AV: 5D 2~
5o S D P 'ﬁ/’:'ioﬁ-srE
100 (*) When a current of 100 A flows through 1 km overhead line i

0. 20 0. 40 0. 60 0. 80 1.00 0. 80

Power factor e gt

gt
(Example) Change in voltage drop due to power factor change A:-;A‘;'Chg_:/é_m

-As power factor advances, the voltage drop turns to voltage rise.
-Ferranti phenomenon tends to occur in case of thicker conductor.

Copyright ® Chubu Electric Power Co., Inc. All rights reserved
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Ex) Countermeasures against Voltage Drop Excess in MV Line guppon soer

BESS Additional T/F

Main 33 kV 7716.6 kV 6.6 kV
spec. 1 MW -3 hours 10 MVA 5000 kVA
Material Several MIL
Cost* [$] S (L MIL for T/F) 0.1 MIL

Image

Additiona
'\nsta\\at'\on here

* Costs are roughly estimated in an example case of Japan. Construction costs are not included.
Even though the SVR cost of the same scale would be several times higher, the SVR cost would be lower than BESS cost.

(Usually, the necessary SVR capacity is less than GSS T/F capacity, as the SVR is installed on the way of MV feeder.)
It is difficult to compare the installation costs between BESS and an additional HV/MV transformer with some HV/LV lines

extension, as the better one would depend on case by case.
However, if active power as well as voltage countermeasures would be necessary due to a case of reverse power flow, etc.

BESS would be more effective than other countermeasures.
55 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Ex) Countermeasures against Voltage Drop Excess in MV Line guppan

Additional T/F and Thickening
Se= T/L (transmission line)

33 kV 132/33 kV 33 kV
Main spec. 4 ywZ3hours 2 MVA 2A (2 kVA)
Material ? MIL
Cost* [$] 2 Wk (? MIL for T/F) ? MIL
Conditions,
breakdown,
etc.
in Sri
Lanka

56

57

*Please estimate in an example case of Sri Lanka.

Please estimate the example costs of an additional HV/MV transformer with some HV/LV lines extension and
thickening transmission line, though the better one would depend on each case.

Copyright ® Chubu Electric Power Co., Inc. All rights reserved

[Reference] Countermeasures against Voltage Drop ,..’ LHuze
- Control and Management of Facility (LRT) - AR HOE!
Power Line — Current oy, CrTENt
: 6 o
e o = @ T
Voltage |
Alk — E
1% ‘i
% o Day time in a sunny day E
g& Night time i
THE . N ——mMmmm—mme—— 1|

Acceptable

Night time

Voltages along the feeder can be kept in a proper range.

aparight @ GHEEU Elaci
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[Reference] Countermeasures against Voltage Drop ,.’ Ha.

- Methods of setting target voltage of LRT at GSS - PP HOE!
—_— - m e g  _  __ _ _ _ _ _ _ e

Bank "D1B” at 10:00

[Example] In case of Substation
The settable width of the target voltage

of each MV feeder at the 10 o'clock

T~

\|
7
A\
/|

Settable width of target voltage
(substation LRT)

== m L F16

l¢

F11 N F15
F14

Figure Calculation diagram of settable width (distribution line) of target voltage

vl
6720

6660 [l Sl e e el 1

_______ r- Settable width

of target voltage

Voltage

6.450
0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 $:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

Time
Figure Image of settable width of target voltage for each time zone (substation LRT)

2022/12/23
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[Reference] Countermeasures against Voltage Fluctuation in Valachchenai F5 ..’h“,'-:f;....
- Scheduled Control and Management of LRT - WO R
34 a 2
i 18  Gradual voltage
R s rise due to PV
1 i : R i ?
azs |4\ L output increase?
s Pl
g \ ’.0’ pSf . :. f E ‘ | 1.2 \6
§ 38 (et it 1 B
G | U™ - o ':|‘ i Y 08 o
S AN VRSV 1 Sz
1 i 06 &
.4 Pt 3 .
325 , Obvious voltage
~kV drop due to peak
- PF 0.2 load?
32 0
0 6 12 18 24
Time
The voltage drop might be eased to a certain extent without countermeasure facility,
by managing and controlling output voltage with LRT at the GSS.
Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Candidate Countermeasures
against Power/Voltage Fluctuation
in MV or LV Lines
. . . . . p"-‘:."""ﬁi.,.
Regulations in Sri Lanka against Power/Voltage Fluctuations o s
= Allowable Voltage range
©33/36 kV 33/36 kv -6% ~ +6% -10% ~ +10%
®11/12 kV 11/22 kV -6% ~ +6% -10% ~ +10%
® 230/400 V 230/400 V -6% ~ +6% -10% ~ +10%

H Harmonics (Reference in Japan)
When installing the inverse converter (inverter), set the
harmonic outflow current to the followings.
® Each « Total current distortion: 5% or less
+ Each current distortion: 3% or less

@ Total

m Other Related Regulations in Sri Lanka
e ?77?77?
[ Jrarard

@ (Please confirm by each DD and LECO, and share next time)

61 Lparight @ GHED
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Voltage Regulation Method in MV and LV Distribution Lines

LHUZ.
P Pl -Poe:

AN MHEY

Method for separately managing the MV distribution line and the LV
distribution line separately. (separate regulation)

Supply voltage to customer

Voltage Regulation Method in MV and LV Distribution Lines

Voltage Drop of
MV distribution line

Voltage Drop of
MV distribution line

(converted to LV) (converted to LV)
. <Heavy Load Term> . | <Light Load Term>
107V . A
— —
Allowable voltage
drop in LV
—_—
S distribution system
E H
'
95V -
Substation Tap changing End point
point

[ e B
AP RCHES

Method for regulating the voltage drop of the MV distribution line and the
LV distribution line together (Integrated regulation)

Supply voltage to customer

Voltage Drop of

MV distribution line
(converted to LV)
<Heavy Load Term>

Voltage Drop of
MV distribution line
(converted to LV)

: <Lig‘ht Load Term>

Allowable

voltage

drop in MV
— distribution
line
Allowable voltage drop in LV
distribution line
Substation Tap changing End point

point

2022/12/23
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Voltage Regulation Method in MV and LV Distribution LineS [eonxoe

Voltage regulation of the distribution line can be thought of as

(Integrated regulation method) for regulating voltage drop of
the MV distribution line and the LV distribution line together

(Separated regulation method) for separately managing the
MV distribution line and the LV distribution line separately.

The voltage drop of the low-voltage system is not related to the voltage drop of the

medium-voltage system U

In order to improve the efficiency of regulation and to easily
correspond to changes in the system of MV distribution lines,
voltage regulation is generally performed by the integrated
regulation method.

Fler =P

Suppression of Advanced Power Factor P

Power factor has different characteristics in each
distribution line, and fluctuates according to the
load current. There is almost no distribution line
with constant power factor.

When power factor deteriorates on advanced side,
voltage rises. (Ferranti effect)

28
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(Ref.) Lagging/Leading Power Factor N e
In case of 50 Hz
Delayed P.F. 0°  90° 180" 270"  360°

En,

o NN\

0s 1/200s 1/100s 3/200s 1/50s
° o o - o
Advanced P.F. 0 90 180° 270

0s 1/200s 1/100s 3{2005 1/50 s
, o
(Ref.) Calculation Formula for Voltage Drop (1) p———
R

- Three-phase three-wire balanced -

@ Vs VI3 Iy coso

N
\K I sing
Vs : Line voltage at source side

I V.

. . |

Vr @ Line voltage at load side

| :Current ofllne. _ 1,COSO0 I, sind
R : Resistance of line, X : Reactance of line

Vs/\/§=\/(Vr/\/§+l-R~c039+l-X-sin9)2+(l-X~cosG—l-R~sin9)2

Hence, the first term >>the second term,
generally

Vs/x/i:\/(Vr/\/§+I~R~cosG+I~X~sin9)2
Virop =Vs = VI = V3 I (R cos + X sin0)

67
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(Ref.) Calculation Formula for Voltage Drop (2) Nopmons e
- Three-phase three-wire balanced -
lysin@
Vr>Vs: Voltage Rise state
V3 Iy cost)
pe
VI3 R/{ Ig sin¢
<>
Ig cosO

Virop =VS = VI = N3 | (R cosO - X sind)

Ferranti Effect
- Load current: Leading current
- Voltage at load side exceeds Voltage at power source side

68
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Suppression of Advanced Power Factor P
[Examples of Measured power factor (Variation in feeder)]
Dispersal of the most delayed power factor Dispersal of 5% value of power factor
80 16
o0 [] 214
gsﬂ o | %IZ
$50 II %10
=40 11 =38
530 ©
320 H 24 i 1
] R—l ) 1 | me——E ||1|111111111R111i[TT™8 TR
o ARLLLLELIRLLELLELBIALEELELLTRLLEL FYLEPY Y RO
O HNMTNONOOOONONONTOHANAO T o N0 Y ®0ON®TOONTEONOT N
CNNANNANNNSNQANN AN DA G Q20X gRNRAgUUNTIgmmNNg
7999009000605 300030500050aq T9999499%S9d499934990994
O NMIETWLWONNNONONODLITTMANCLO D RXTNL R DETNOL 0T O T 0T MmO N
aoQaaaaaaan0nQoaoananoa6aaconao QN o®WoNNSLoWNUWNo TcMMo No
Coco0co0co0co0O0O0OO0OHO0OO0OO0OOO0OGOGO O oo ° S o ° oo IS oo o
Delayed ¢[+Advanced Advanced
Power factor Power factor

As a result of totaling with "the latest delay", the distribution line power
factor is concentrated between 0.99 delay and 0.99 advanced.

When looking at 5% value, there are large variations on the advance side.

69
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Suppression of Advanced Power Factor PR

[Examples of Measured power factor (Fluctuation in time)]

Transition of distribution line power factor at a certain distribution substation

g
i § 0.00
S& 020
3 —
2 ug) 0.40 “J
38 o060 NS
Advanced T 0.80 —
— 1.00
Delayed
V! l 0.80 (*) Display for each distribution line
0.60 ] ] ] ]

000 1200 000 1200 000 1200 000 1200 000 1200 000 1200 000 1200 000
L | | | | | | |
Wednesday Thursday Friday Saturday Sunday Monday Tuesday

The power factors in distribution lines fluctuate widely,
depending on times and days of the week.

The rates of fluctuation are very different for each distribution line.

’LHU#-\.-

H P PP
Suppression of Advanced Power Factor P
[Example of occurrence of the Ferranti phenomenon ]

Change in voltage drop due to power factor change
200
Clonduc'éor sizeI | P Rkt S
s %0 S —r=
(=X ._' ’r-
g 100 —— e VATV “‘.._F ————— ]
& =" - 7]
& 50 ML lai 4
E ll..-r'. - - ’ r'.-_
0 =T —— =
Ol I P e
-= — ==
—50 === (*) When a current of 100 A flows N
through 1 km overhead line
—100 L n L L L L
0. 20 0. 40 0. 60 0. 80 1. 00 0. 80 0. 60

Power factor Advanced<—|—> Delayed

As the power factor advances, the voltage drop turns to voltage rise.
Voltage rise tends to occur as a conductor has a larger diameter.

2022/12/23
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Suppression of Advanced Power Factor PR

The power factor (delay power factor of 0.95), which was generally
assumed In previous time, greatly differs from the actual condition
of the distribution line power factor. Setting the target supplying
voltage with the power factor higher than the actual condition
induces deviation of the upper limit value.

It is necessary to consider a change in voltage drop (voltage rise)
due to a change in power factor at the time of determining the
target voltage. (Ferranti phenomenon is not a special event)

@ Application method of power factor (voltage control)

Reflect the power factor per hour in the voltage drop (increase)
calculation. The power factor is assumed from the current-power
factor correlation measured in units of distribution lines for a
certain period.

Suppression of Advanced Power Factor for LV lines P

<{Addition of measures against voltage rise (constant power factor control) in low—voltage
interconnection>

There is concern that the voltage of the distribution system will rise due to the
increase in power generation equipment that is interconnected with reverse power
flow in the low—voltage system.

As a concrete measure against this voltage rise, it is stipulated that it is effective
to equip the low—voltage power conditioner (low—voltage PCS) with constant power
factor control.

On the other hand, interconnection of low—voltage photovoltaic power generation
equipment (low—voltage PV) with constant power factor operation, which has been
rapidly introduced and expanded in recent years, has not yet become widespread,
and in order to spread it, it is a uniform standard nationwide.

It was necessary to determine and regulate the power factor value.

Therefore, this time, it was examined that the power factor value that minimizes
the total cost of system countermeasure cost, countermeasure cost due to
increase in PCS capacity, and power generation opportunity loss, and standard
power factor value (95%) for low—voltage PV has been added to the regulations.

[Grid—interconnection Code, added in 2017]

2022/12/23
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*LV System with Single-Phase Transformers in Japan N ot e
LV Distribution Supply System
Open-Delta Connection
Transformer / , )

1 Load
§ XTV 210% ¢ T Neutral
f Neutral 115\' 2107
HiaRs '
I v
— Load L

160 3w 100/200V + 3¢ 4w 200/100V

Capacity (KVA)
5, 10, 20,30, 50, 75

Single Phase Transformer Combined Transformer
74 Gapsright © CHUEL Elacivic Pawar Ca Jre A1 Sighi Sasarved
. .-".r.“..':'.f:a...
Voltage Regulation by Transformer Tap Change P
—_—__ e

[Tap of pole transformer]
Primary voltage of a pole transformer is determined by JIS C 4304
“6 kV Oil-immersed distribution transformers ”

Single-Phase Transformer (Primary voltage)

(Secondary voltage) 6.750 V
6,600 V

2101105V 6,450 V
6,300 V

The role of the pole transformer in regulating the voltage is large.

75 Guparight § GHOBU Elacinc Pawar Ca jrc & Bighi Beaervesd
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Voltage Regulation by Transformer Tap Change b
[Tap of pole transformer] _
. Transformer capacity
A transformer lid is normally opened on the ground (KVA)
and an inside tap is set to a proper position, before
installing it on a pole. 5, 10, 20,30, 50, 75

In Three-Phase System

For three-phase use,
combining two single-phase
transformers

Voltage Regulation by Transformer Tap Change P

[Tap of pole transformer]
It is important to properly select a tap of a pole transformer
according to the voltage of each section of a MV distribution line.

Possibility of a tap change of transformers, considering the voltage
fluctuations at both daytime and nighttime?

6750 tap?
<<
6750 tap ;% 6450 tap
Substation %

Ve SR

2022/12/23
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Distribution Line

78

79

Shortening LV line

mm—) Current
— Current s

2022/12/23
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Voltag

S

5

g

i)

g

o

8

<
Adjustment Valug (Target Vol
Dividing an aréa supplied by a T/F and
shortening LV line. Adjusting the Supplying voltage at a GSS.

Shortening LV lines also contributes to reduce distribution loss a lot.
C . .,..’ EHuge
Number of Distribution Components Installed in CEPCO b
Components Unit CEPCO Total Remarks

Electricity Poles pieces 2,834,318
Overhead line
(Span length) km 130,072
Underground line
(Span length) km 4621
Transformers . 1 Tr/ 2 poles
(6.6kV / 100V, 200V) units 1,597,676 2 Tr / 4 poles
Distribution .
Substations units 83
Distribution line feeders 8,640 11 feeders / SS
Population persons 16,000,000 13%
Land area km?2 39,100 10%
Population density person / km2 409
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e e+ = 9 g e 42 04
e
e e s L chs g s
[rratete —py

| ———— — 4 Vot o -

ReETave th 35tase

Variety of Voltage Regulators

g Ertwan v
wraw
S

Aatematic voltage re

- Yor Lew-valtage dstribution Unes
LSVR
Pole i
transformer Low-voltage
distribution line (210V)

i
LSVR
(Automatic voltage regulator for lowwoitage distribution Uines)

81

Main uses

+ Voltage regulation for lovivoltage,
distribution lines {210V)

« Countermeasure against voltage
fluctuations

Features

+ Optimum to voltage regulaticn of
long-length low-voltage distribution lines

« Suppresses voltage rise due to solar power
generation

http://www.aichidenki.jp/products/catalog_pdf/svgturipdf’ = =1 Blariis Famar S dre AR S Sanered
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Variety of Voltage Regulators v e

\ — ) Supportive of voltage regulation for
| low-voltage distribution lines

Low Voltage SVR

LSVR has functions to menitor the secondary voltage, and regulate
voltage accoeding to voltage Mluctiations, Having these functions,
LSVR is effective for voltage regulation in areas where low-voltage
distribution lines is long, and also for suppression of voitage
fluctuations due to solar power generation, etc. Furthermore,

In order to take a balance of voltage in single-phase, 3-wire
distribution lines, LSVR has a built-in voltage batancer.

Narbur ot prases. 1
Rated froguuncy G0

Eatadt ke capachty oA
Ratud wceidaty 310y e

o A

Walecwrrce woltage Varisle is 4 rage of 1DV — 109V

Dead 200 Variabie in o range of # 18V - &5V

Cpertngme  Varisble it o range of 10Vs - 1000Ks

82 http://www.aichidenki.jp/products/catalog_pdfisvg turpdf’ = =1 Blariis Famar Sa dre A7 S Sanered

Variety of Voltage Regulators v e

MV line

Main uses

« Voltage regulation for low-voltage distribution lines MAI Pole
210v) (Automatic voltage
*» Countermeasure against voltage fluctustions regulation type

pole transformer)

Features

* Optimum to voltage regulation around branch line
terminals of distribution ines

« Capable of taking a countermeasure agalnst voltage
fluctuations in low-load areas at low cost

* Suppresses voltage rise due to solar power generation

83 http://www.aichidenki.jp/products/catalog_pdf/svgturipdf’ = =1 Blariis Famar S dre AR S Sanered
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Variety of Voltage Regulators

Most-Advanced & Intelligent ~ole Mounted Tronsformer

MAI Pole Is a pole transformer with a combination of tap
selecting switch and controller and an addition of automatic
voltage regulating function. Being capable of properly regutating
voltage on the low-voltage side, this transformer can prevent
unwanted stop of solar power generation.

Number of phases |

Pritvary tap weltige 6900V /675066000, BASON/ 630N
g"""‘:'“ 210V - 105V

Ratod capachy  10MVA, 20KVA, JOKVA, SOKVA
Reference voltage Varisble n o range of 100V ~ 109V
Gwacd zome Varisbie n o rnge of = L5V - 4S5V

Operating tiee  Viatiabie n & ioge of 10Vs ~ 1000V

http://www.aichidenki.jp/products/catalog_pdf/svg ti paf’

"Lﬁus..
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Suppresses voltage fluctuations in low-
voltage distribution lines due to solar
power generation, etc.

Countermeasures by Storage Battery System

e

e

11 or 33 kV feeder

© CHUBL Elecine Pamar Ca jre &1 Sigv Basered

Primary
Transformer

RS

1
1
| Battery 1
I System 1
"""""" 1 |
GSS Customer loads | |Customer loads ! !
without rooftop with rooftop : :
PV PVs . . PV ( > 42 kVA)
Rooftop PVs I_ _________ 1 Large VRE
11 or 33 kV feeder

LV Line,

Customer loads
without rooftop PV

Customer loads
with rooftop PVs

@.

Rooftop PVs

r——========= 1
1 Storage Battery System |

1
1

1

PCS 1
. 1

1

1

Guaparight § GHUEU Elaciic Pawer Co_jre &F Bight Saaarved
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Countermeasures by Storage Battery System A
Interconnection point
GSS D

(77T N~ \ I
' : &
! 1
! 1
o
:'IF')rr;r:gfrc))/rmer | Instruction to

JJansformer___ ! output /~ )

Ve ~  active/reactive 4 Target
Contlrolled by power, etc. v N T voltage
reactive power ,Dead zone

\Y (@ ] -
Target | — N\ S A4/ {7\
voltage Controlled by
ead zone reactive power
SCADA for SBS [ Time
Time The target voltage is the average of the voltages at
. the grid interconnection points in units of the past 10
The target voltage is set to a constant value, minutes, and voltage control (reactive power output)
and voltage control invalid power output) is is performed so that the interconnection point voltage
performed so that the interconnection point is kept within the dead zone.
voltage is suppressed within the dead zone.

\ - /
Constant target voltage control Voltage fluctuation suppression control
Variety of control methods by SBS such as target voltage control, voltage fluctuation
suppression control

86 . Pane -

87

Technical Matters
on VRE (DER) Interconnection

2022/12/23
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Technical Matters Required for DER Interconnection Tisoon ko

Matters Potential risk occurred by distributed energy resource connection

Inner failure of VRE induces other customer equipment.

Increase of short-circuit current by VRE induces the excess of that of equipment.
Expansion of the accident by continuing to generate power from distributed
power sources, in the event of a power system accident.

No OCR detection at a PSS induces more serous damage.

A detection error by OCR in other feeders induces additional power outages.

Grid protection
quality
(Supply reliability)

® Only DER keeps power generation to supply to a grid, even after stopping
power supply in the grid.

@ Asynchronous connection (short-circuit) between a DER and a power grid
damages a power facility, when the grid is restored.

Safety and
Equipment
Maintenance

Voltage fluctuation | ® DER connection to a grid raises voltage fluctuation in a grid.

Harmonics © Harmonic current flows from a DER to a grid.

@ Power generations are simultaneously disconnected all together due to affection

Safe Operation
perat from another grid, etc.

88 Copyright ® Chubu Electric Power Co., Inc. All rights reserved.

".r..“.ﬂf:r-.....
Grid protection quality (Supply reliability) Timoon o

@ Internal failure of VRE induces other customer equipment.

An internal failure of VRE may induce a bad affect such as device damage, etc.
of other customers.

Voltage rise or drop in a grid p"l_k b

MVINE ~eccm e e e e - - -

Damage to other
customer’s equipment

Abnormal voltage by failure
(Voltage rise or drop, etc.)

. VRE Varjiable Renewable Ener
Premise ( W)

89 Copyright ©® Chubu Electric Power Co., Inc. All rights reserved
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Grid protection quality (Supply reliability) Tisoon ko

@ Increase of short-circuit current by VRE induces the excess of that of
equipment.
Since short-circuit current flows from both a substation and a VRE, the short circuit

capacity (current) increases and may exceed the capacity limitation of a customer's
equipment (may cause damage to the equipment).

| Short circuit current Short circuit
| from PSS current from VRE
L —> —

| | MVline |
Bus bar | 1 Total
| / current

VRE

If distributed power sources are ;ﬂl‘
connected, the short circuit current Excess of
here increases. short circuit current

Copyright ® Chubu Electric Power Co., Inc. All rights reserved.
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Grid protection quality (Supply reliability) Timoon o

® Expansion of the accident by continuing to generate power from distributed
power sources, in the event of a power system accident.

Wyine|  Shertdrcuitcurrent/ Ground fault  ALL,
R R RRREEEE o * | :
i i : e merm e
E i ! 1
: : AL i
: H LEi 3! 1
i | a (I
| Busbar | | | a5
PSS M

Sustained supply to the accident Load frk I?
point may cause further damage |

(Equipment damage/public |
damage) . Premise

VRE

91 Copyright © Chubu Electric Power Co., Inc. All rights reserve d
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Grid protection quality (Supply reliability) Tisoon ko

@ No OCR detection at a PSS induces more serous damage,

in case of a failure in a grid.

Due to the influence of the short-circuit current supplied from the distributed power
source, the short-circuit current flowing out of the substation may decrease, and the
substation OCR may not operate. As a result, the supply to the accident point may be
continued and the damage may spread (equipment damage/public damage).

Grid protection quality (Supply reliability) ADRON faEr

When a VRE is connected, a short circuit current
MV/LV | from GSS is reduced.

— |

Il =" —

Bus bar [OCRII === Short circuit failure
________ 1 1 (2 phase)
PSS e VRE

Copyright ® Chubu Electric Power Co., Inc. All rights reserved.

(® A detection error by OCR in other feeders induces additional power

outages,

in case of a failure in a feeder.

When a short-circuit failure occurs in a feeder near a GSS, OCRs in other feeders or
private feeders might unnecessarily detect short-circuit current from DER (distributed

energy resource) and induce additional power outages, because OCR has no direction.

As a result, additional outage might occur in a healthy area.

Short circuit
failure

X i Failure feeder

B

2
Healthy feeder

error

Copyright © Chubu Electric Power Co., Inc. All rights reserves d
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Safety and Equipment Maintenance NABDON KOEY

® Only VRE continue to generate power independently, after a distribution grid is stopped.

VRE Islanding (Isolated operation)

When a part of the grid where the power generation equipment is interconnected is
disconnected from the grid power supply due to an accident, work, etc., power generation
is continued only by the distributed power supply existing in the relevant line, and power is
supplied to the line load.

PSS Circuit breaker for interconnection
continues to be closed.

Power supply

Power grid side breaker open
(Substation CB, Switch for track,
Translation, PC, etc.)

Power supply

Other customers

LV/MV load Load in premise
VRE
94 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Safety and Equipment Maintenance A

® Only VRE continue to generate power independently, after a distribution grid is stopped.

VRE Reverse charge
In the state where there is no reverse power flow from the premises of VRE installer, only
the voltage is applied from VRE to the point disconnected from the system power supply.

There is no reverse flow, but voltage is applied (charged) Special condition of islanding

PSS —~T~ —— - —{ Circuit breaker for interconnectio_n}
—— continues to be closed.
L,
/ —_——
Power grid side breaker open / ] OA/
(Substation CB, Switch for track( / / \

Translation, PC, etc.)

P -

/ Power supply

Load in premise

VRE

95 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Safety and Equipment Maintenance ADRON faEr

® Only VRE continue to generate power independently, after a distribution grid is stopped.
Situation where islanding/reverse charging

May occur, when the breaker of a distribution line is opened and the output of
VRE and the load of the distribution line are almost balanced.

Problems by islanding

and reverse charging Potential risk

€ Damage to customer equipment due to frequency and voltage

disturbances in the independent operation in the grid.
@ Equipment damage due to continuous supply to the accident point
4 Damage to customer equipment is damaged due to asynchronous

input during reclosing

Equipment
damage

Public electric shock | 4 Public electric shock may occur due to continued accidents.

Worker’s electric | 4 The line that should be in blackout is charged, and the worker gets
shock an electric shock.

It is necessary to detect VREs from the grid promptly and reliably by means of a
protective relay or device, in the event of a power outage in the grid to which the
power generation equipment is interconnected,

97 Copyright © Chubu Electric Power Co., Inc. All rights reserve d
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Safety and Equipment Maintenance Tisoon ko
@ Equipment is damaged due to asynchronous closing (short circuit)
when the distribution line is reclosed.
If islanding continues.. Circult breaker for
interconnection
Q / ‘Q continues to be closed
Reclose Power supply
Distribution grid r
i Power supply
Other customers i
LV/MV load | Load in premise
VRE
Asynchronous turn on:
Turn on when the voltage phases are out of phase. <@
98 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Safety and Equipment Maintenance b
Asynchronous turn on
If turn on when the voltage phases are out of phase,
Distribution Grid Turn on VRE
Resistance and Reactance
components
%e to voltage difference
Distribution grid /\\ )
3 - -————  \Voltage difference
| | > =11,000 - (-11,000)
! =22,000 V
!
VRE side Q |
/-
1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
99 Copyright © Chubu Electric Power Co., Inc. All rights reserve d
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Power Quality AN KEY

VRE connection induces voltage fluctuation in a grid.

+ Constant voltage fluctuation
(LV) 101+6 V for 100 V class, 202+20 V for 200 V class
(MV) Range for maintaining voltage of low voltage distribution system

+ Instantaneous voltage fluctuation
(Defined as fluctuation within 2 seconds by Grid interconnection code)

Approximately within 10% of the ordinary voltage (90 V is the lower limit for LV)

Grid interconnection Code:
Information equipment such as computers and office automation equipment may be affected by equipment
stoppages due to an instantaneous voltage drop of 10% or more of the rated voltage. Therefore, it is
appropriate to suppress the instantaneous voltage drop during parallel disconnection to within 10%.

- Voltage flicker (Lighting flicker, etc.)
AV10 = 0.45

AV10: Weighted with a qualified sensitivity filter that equivalently converts the fluctuation component of each
frequency into the fluctuation of 10HZ, which is considered to be the most flickering by humans.

Copyright ® Chubu Electric Power Co., Inc. All rights reserved.

VRE connection induces voltage fluctuation in a grid.

When VRE with reverse power flow are connected to a grid, the reverse power flow may
increase the grid voltage and may prevent the grid voltage from maintaining an appropriate
value.

(As the grid current decreases due to reverse power flow, the voltage drop decreases and the grid
voltage rises.)

|

|
@ |
D Q7 (eSS iy -
EES VRE reverse power flow case
o ;
G>) o Allowable

+ . .

£ o VRE disconnection case ‘ range
5 5 |
s g O b Rttt
> C |
2 0 !
23 |
2 1
e {

|

At PSS VRE interconnection point

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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VRE connection induces voltage fluctuation in a grid.

When the decentralized power supply is disconnected, the system current
suddenly increases and a voltage drop occurs, which may prevent the grid
voltage from maintaining an appropriate value.

I
|
I
> 107 RS i ---------------------
i < VRE connection case
S | Allowable
I
) ; range
E © |
=% 4L
o o VRE disconnection case
S L 05 f R R R O T e
S5 C |
a0 !
28 ‘
+- |
N2} |
o {
I
At PSS VRE interconnection point
Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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® Harmonic current flows from a VRE to a grid.

PCS for solar PV generator

prasesesn s i
Outgoing : :
: Breaker Inverter

W .
Output AC : Monitoring Control (DCIAC) : Photovoltaic panel
to detect AC DC : P
Protection
device Control

When installing the inverse converter (inverter), set the harmonic outflow
current to the followings.

- Total current distortion: 5% or less

« Each current distortion: 3% or less

(Reference) Harmonic standard

HV: "Guideline for harmonic suppression measures for consumers receiving high voltage or extra high voltage"

LV: "JISC61000-3-2 harmonic current generation limit value”

103
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Safe OEeration AP KOE!

Power generations are simultaneously disconnected all together due to
affection from another grid, changeover of grids, instantaneous voltage
drop, sudden fluctuation of load, etc. Then, they cause affection to a grid
quality, claim, etc.

Sudden voltage
|:> drop

Instantaneous Siulianeaus Bad affection to

fluctuation on - other customers

a grid side Sudden
|:> frequency drop

The generator itself must meet the failure continuation requirements.
(FRT requirements)

» Prevent unnecessary disconnection
» Stable power generation

104 Copyright ® Chubu Electric Power Co., Inc. All rights reserved.

PCS (Power Conditioning System) Control Py

+ DC-AC convertor
+ Supply reactive power to decrease high voltage problem by PV

Fundamental Protection function

@ Prevent from isolated operation

@ Prevent from unnecessary trip
® FRT (Fault Ride Through) \

source: NEDO(new energy and industrial technology development organization) renewable energy technology white book ver.2

105 Copyright ©® Chubu Electric Power Co., Inc. All rights reserve d
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@ Prevent from Isolated Operation (Islanding)  Tecousws

Image of isolated operation in distribution system
PV

2. The fault continues
because of
isolated operation.

\ |$ v'Worker get injured
v'Damage on facilities

Distribution substation

1. Even tripped

by distribution OFR (over frequency relay)
feeder fault, UFR (under frequency relay)
RPR (reverse power relay)

Isolated operation must be detected an s are disconnected immediately,
according to the Technical standards.

source: NEDO(new energy and industrial technology development organization) renewable energy technology white book ver.2

106 Copyright ® Chubu Electric Power Co., Inc. All rights reserved.

@ Prevent from Unnecessary Trip R

2. Mass trip at the same time

1. Transmit the impact on voltage

A

If supply demand balance gets lost, blackout might be occurred?

source: NEDO(new energy and industrial technology development organization) renewable energy technology white book ver.2

107 Copyright © Chubu Electric Power Co., Inc. All rights reserve: d
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® FRT (Fault Ride Through) Msome s
100% — Instantaneous voltage drop:0.1~0.2second
voltage

PCS output starts to recover at the same time as voltage recovery.

PCS output
100% o ——

<
-

v

Keep operating Removal of / Conventional function

unstable cause .
inagrid — FRT fUnCtIIOn

Stop operating —07M ——— =¥

»

stop for several seconds

PCS output keeps operation and start to recover quickly as voltage recovery.

source: NEDO(new energy and industrial technology development organization) renewable energy technology white book ver.2

108 Copyright ® Chubu Electric Power Co., Inc. All rights reserved.

Technical Matters due to Mass VRE Introduction A

2022/12/23

Difficulty in Control of Distribution Grid State

State (voltage & current) of a distribution grid is getting more
and more difficult to control due to mass introduction of VRE,
which makes grid planning and operation more and more difficult.

Ex) Voltage Excess and Fluctuation in Distribution Grid

Reverse power flow from VRE causes grid voltage rise, and may well exceed
the limit stipulated by the Electric Utility Industry Law (101£6V in Japan). Also,
output of PVs fluctuates according to weather conditions and other
circumstances.

109 Copyright © Chubu Electric Power Co., Inc. All rights reserve d
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Voltage Flicker by PV Energy NibRaN KE!
Voltage Flicker happens by fluctuation of supply voltage.
Normal condition Voltage Flicker
$ - @ o= &
- = = ‘
Voltage Flicker causes the flicker of lights.
Previous reason Current reason
When power consumption changes rapidly, Under the condition of sunny days and low demand,
Voltage flicker occurs locally. PCS setting of PVs causes wide range of voltage flicker.
. PV System
Ark furnace Magnetic resonance Blackout detect function of ]
imaging PCS
> =
- V/77]]
o _ | 1
110 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Technical Matter of VRE Introduction b

€ PVs installation to a power grid increases rapidly.

€ PVs connected to a power grid are required a disconnecting function,
when a blackout happens in the grid.

€@ PVs supply reactive power to a power grid as this function (installed in

the PCS).
Previous: Small amount of PVs Current: Large amount of PVs
Reactive Reactive
Power - mn, Poger - ””,
x A™ 2 &R _i“e
= Y

N ATINNS

-3 2 o
Influence of Reactive Power: Small Influence of Reactive Power: Large
111 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Load Fluctuation Suppression
In VRE Matters
H p’:-'.“.l"ﬁi..
Effect by Storage Battery Introduction NioRa KoEt
Expectation effect DD1 DD2 DD3 DD4 LECO
Shift peak load
Prevent peal§ reverse power flow Yes Yes
from exceeding facility capacity
Suppregs short-cycle load Yes Yes Yes
fluctuation
Effective (low loss) power supply Yes Yes Yes
Improve low voltages in remote Yes Yes Yes
areas
Keep voltage in an allowable Yes Yes

range

Control voltage to target values

Where and what are higher priority matters?

What effects are expected by storage battery introduction?

113
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Outline of Load Fluctuation Suppression Test A

The fluctuations of output power/voltage in a distribution grid will be suppressed,
by monitoring the power/voltage changes output from mass VRE and by charging and
discharging power from a storage battery system in response to the monitored changes.

Load fluctuation suppression test

Testterm | From May to July in 2022 (Tentative)

k% x

Test place | *** S/S, ** kV *** feeder (Max. demand: ***MW)
*** city, *** Division, *** Province, Sri Lanka

Power conditioning system (** kVA)

Vet iy Li-ion Battery? (** kWh), etc.
To be selected based on the priority matters in Sri Lanka.
+ Keep voltage in an allowable range
* Improve low voltage in a remote area
Test target * Suppress short-cycle output power fluctuation

* Prevent excess of peak reverse power flow
« Control voltage to a target value

* Shift peak load

« Forecast PV generation, etc.

114 Copyright © Chubu Electric Power Co., Inc. All rights reserved

Countermeasures
against VRE Matters

115
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Effect by Storage Battery Introduction -

What are expected by introducing a storage battery system against load fluctuation
due to mass VRE installation?

1. Shift peak load
2. Prevent peak reverse power flow from
exceeding facility capacity Active
Suppress short-cycle load fluctuation Power

4. Supply effective (low loss) power, etc.

5. Improve low voltage in a remote area
6. Keep voltage in an allowable range < Reactive
7. Control voltage to a target value, etc. Ol

116 Copyright © Chubu Electric Power Co., Inc. All rights reserve. d

Requirement for Safe and Stable Supply Reliability poF——

m Replacement Classification Contingency

due to overload 33/36 kV -6% ~ +6% -10% ~ +10%
11/12 kV -6% ~ +6% -10% ~ +10%
230/400 V -6% ~ +6% -10% ~ +10%
m Voltage drop Facility Loading rate criteria
® 33/36 kV Distribution line el EERITE
125% for emergency
®11/12 kV — :
Distribution substation 80% for normal
® 230/400 V 2% for emergency

Primary substation
125% for overloading

117 Copyright © Chubu Electric Power Co., Inc. All rights reserve. d
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Sample of Record of Output Power Nopmons e
3500 —load —Wind —Solar —Net Load
3000
2500
E s
g 1500
o
V]
1000
500
o
Time (10 minutes)
-500
Each data of sunny, cloudy, rainy days, weekday and weekend
118 Copyright © CHUBU Electric Power Co.,Inc. All Right Reserve d.
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Peak Load Shift by Active Power Output NioRa KoEt
Improve the efficiency of the base load plants Low growth rate of off peak load
such as coal due to the off-peak restrictions by could result energy curtailment and
filling the valley of the Load curve. Feasibility is system stability issues with high
beina done penetration of variable renewable
9 : energy loads during off peak hours.
- Peak Demand -;—{6\-_: to Manag_e:':‘_' I Wt cay
e e —— WAL S | SN 8 AR W Y R #5008
£ Peak Load 20 I ®
a D | 1320MW
Middle Load
B
Base Load

Time
Daily Load Curve Projection in 2025

Copyright © Chubu Electric Power Co., Inc. All rights reserve, d
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Fluctuation of Output power by PV/WT b

AN MHEY

Output power generated by PV and wind turbine is not stable due to the weather
conditions such as wind conditions and solar radiation conditions.

In addition, there is no supply and demand adjustment function for solar and wind
power, and it is not possible to adjust the output according to demand.

Output power by Wind Turbine © Output power by Solar PV
= 2500 =
= i 2
< 2000 f g
2 f_:f
‘g 1500 %
§ 1000 g
.y = Cloudy
$ 500 g A M
& " °© “Rainy %82 i
1 2 46 8101214161719212325272931 5 6 7 8 9 10 11 12 13 14 15 16 17 18 ¥
Time (day) Time (Hour)
120 Copyright © Chubu Electric Power Co., Inc. All rights reserved
. . . p"-‘:.”.l"ﬁi...
Suppression of Power Fluctuation by Active Power Output o s
MV feeder
It can be seen that a storage battery has a certain v AP
suppression effect on the short-cycle fluctuation .
components due to PV generation in the output
fluctuations on the secondary side of a substation. =
arge
< 80 . - . —
3 Neon-Control Control using storage batterysystem
5 60
=
o
o
()
2
3]
©
kS
£
L
()
>
©
= -60
o
S -80 : .
O 1600 16:10 16:20 16:30

Fig. Control of active power fluctuation

Copyright © Chubu Electric Power Co., Inc. All rights reserved
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Suppression of Voltage Fluctuation by Reactive Power Qutput e s

With respect to the voltage fluctuation on the secondary side of the substation, the reactive
power is output from the storage battery system in the direction of suppressing the voltage
fluctuation.

00 o
Py Subistation secomdary vV e =
> 000 [ PCS output Q 2
E 00 :5'
£ g
$ eeoo o: O
N
g g
g 700 ] ]
y ‘ o
& sooof ‘ ’ | B i
=
"
2 g
3 8500 [
- &

-J00
1400 1500

Fig. Suppression of voltage fluctuation at a secondary side of the substation

Short-cycle (less than a few minutes) voltage fluctuation, which cannot be suppressed
by on-load tap changer of a transformer at a substation, can be suppressed and can
reduce the operation number of an on-load tap changer for its long life.

122 Copyright © Chubu Electric Power Co., Inc. All rights reserved

Control to Target Voltage by Reactive Power Output A

The voltage on the secondary side of a substation is controlled to be near the target
voltage by reactive power output. When the reactive power capacity (from -200 kvar to
+200 kvar) has a margin, a higher control effect is obtained.

T T T T s 1000
6900 Swistation secondary V Tap (raising) —— PCSoutput Q —
Target reference V Tap (lowering) 1 800
6800 fwa q 3
Y M R o e £
< 6700 ’ i T $
& ' | 1 400
§ 6600 ' "\J §
=
E 2004 £
6500 F
0 <
6400 Available
; -200
6300 | T e :
: ! - : : =400
0:00 4:00 8:00 12:00 16:00 20:00 24.00

Fig. Control based on target reference voltage

123 Copyright © Chubu Electric Power Co., Inc. All rights reserved
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AN MHEY

Utilization of BESS
in Distribution Network
and
Aggregation with BESS and DR

for Optimal System Configuration

What is Virtual Power Plant (VPP)

VPP means that aggregators (retailers) integrate and optimally control energy resources (PV, air conditioners,
storage batteries, EVs, etc.) as “Energy creation”, "Energy conservation” and “Energy storage” on customer
sides by utilizing loT, and makes them function as if they were one power plant.

‘ , Powe
W\ ,,,,»" ar Demand Side
it onad! . " " oplant Energy
A \at9 5 ﬂ Resource
WA " on g : ron
ce®™ %\ ¢ .
oo\ gen® Alb
of Aggregator I ,
d
Request deman \
ﬁ side resource contro N l:ﬂ' Demand Side
= ” r—l‘l Energy
o Resource
Aggregation coordinator I Resource Aggregator I

(Electric Utility)

Demand-Supply Balance
Supply

Supply

kw‘[ w o

Alternative power source of

Balancing capacity
&Frequency
T4 4D <
&1/' b

> >
Supply 1 Demand
(Generation) ~ (Consumption)

t

-Decarburization

t

- Cost reduction of energy

Expansion of RE

- Improve energy self-sufficiency rate
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5 organizations of Toyota City, Toyota Motor Corporation, Toyota Energy Solutions, Denso, and CEPCO launched
the VPP project as part of the "Local production and consumption of resources and energy" initiative, one of the

themes of the Toyota City Council.

Toyota City

Supply power from *
renewable energy

*Resource Aggregator : controls energy
resources such as PHV, batteries, etc. which
households or companies own, in its territory

Toyota Motor
ToyotaTurbineand Systems &

Renewables which Toyota City owns
Power Supply

Households and companies in Toyota City

2 Power
{ M ¢
A Wind Vi + Local generation forlocal consumption of renevables E m Dema:d
' ) { SN
pv | o
Biomasshi g 6 By utilizing VPP,

- ..~ Parent Aggregator controls
power demand

Controls energy resources which households and industries own as if such sources were one power plant (Virtual
Power Plant). These energy sources are regulated in line with power supply from renewable energy.

Resource Aggregator *
(Controls PHV, Devices in Buildings)

Energy Sources

& CEPCO
Aggregation

coordinator **
- N
DENSO
Resource Aggregator
(Controls resources in Households)

**Aggregation coordinator :
Coordinates Resource Aggregators,
and keeps balance b/w supply and
demand

8’ CEPCO

Resource Aggregator
(Controls resources s in Factories)

Theme of Virtual Power Plant Projects in Toyota city

[

& B

PHVs, Batteries,

(S8 g
Heat Pump Water Heaters,

Control through HEMS

B2 U e

Batteries, Co-Generations,

Air Conditioners

itioner.

Copyright © CHUBU Electric Power Co, Inc. All Rights Reserved.

Purpose

Method

Remarks

Theme A : Control of distributed power sources

I. Utilization of DER to realize

local production for local
consumption

© Balancing b/w demand and
supply

Controlling power resources
such as storage batteries,
PHVs, heat pump water
heaters, cogeneration units
and so on

© Toyota Motor Corp.
participates as an aggregator
and utilizes batteries in PHVs
as distributed power sources.

Theme B : Control of grid

II. Providing balancing
control power to TSO/DSO

. Advancement of operation of the
distribution system

© Providing balancing control ® Optimization of the distribution system
power to TSO/DSO ® Optimization of operation
@ Controlling storage batteries,

® Controlling storage batteries to
accommodate large amount of
renewable energy

cogeneration units and so on
to provide TSO/DSO with
balancing control power

Try to provide 3 types of
balancing control power to
TSO/DSO and also conduct
verification test of DR to
create demand

® Achieve the optimal distribution system
with using voltage adjusting equipment

® Consider optimal quantity and
allocation of storage batteries

Copyright © CHUBU Electric Power Co, Inc. All Rights Reserved.
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Formation of VPP Verification MHPBON HEE

Toyota city BG -
Supply andnagement

* *
f Parent VPP i

NGK Toh+ Gas DENSO
Aisin Seiki CEPCO

) Li battery
EV NiMH battery NAS battery® Fuel cell BES (Distribution
(PHV)  (Commercial) (Industry) co-generation in house Network)
200 kW 240 kW 28 kW 1,000 kW 5.6 kW Total 35 kW + 63 kW 300 kW

[ T-city J [Customers} [T—motors} [ NGK J [Aisin Seiki} [ 24 + 27 Customers J [ CEPCO J

5 Copyright © CHUBU Electric Power Co, Inc. All Rights Reserved.

Demand Response for Controlling Demand o s

® This project also verified the DR (Demand Response) performance to control demand
® DR for demand control was achieved through storing power to PHV or storage batteries, activating
air conditionings, heat pumped water heaters and so on

Types of DR In case of surplus of PV outputs in the future | |
= I = :
e —— e - I '___
mEresennze = Y DR 1 I ; I
/ "~ | (creating demand) | I 8 I
‘ ‘:‘ 1 Households |
DR (creating and 1 i
reducing demand) I % - I
1 - | I
Demand DR I - I
(reducing demand) I e I
ndustry
| Indust |
| |
¢ ' i I
1 3 5 7 9 11 13 15 17 19 21 23 |‘ I
Time 1 1
| PHV I
L) BHERE (7> RLARS 2\ KTy O~ BROERREE<HML, #lEFC !~ | Batteries |

6 Copyright © CHUBU Electric Power Co, Inc. All Rights Reserved.
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Utilizing DERs for achieving local production for local consumption

w!
AN MHEY

® Need to balance demand in the local area and supply mainly from renewables to achieve “local
production for local consumption”
® To adjust the gap between demand and supply, utilize distributed power sources like BESS

Lithium-lon Batteries with fast-response meets
rising Demand in the Morning

’ Purchase from TSO/DSO ‘

Utilize Lithium Ion batteries which
have fast responsiveness to the
steep demand increase in the

morning

Utilize large storage
batteries in factories

Batteries with large kWh capacity for
factory are used for Base Generation.

0O: bR (Air Con in household)
: DR (Industrial Air Con)
O: DR (Cogeneration)
[J: bR (PHV)
[J: Batteries (LiB)
: Batteries (for factories)
: Purchase from utilities

Theme of Virtual Power Plant Projects in Toyota city

Purpose

Method

Remarks

o9 9999
S o8 Q Qg
S H A M F D

6:00
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power generation in
refuse incinerator

Home air conditioning and corporate air
conditioning, which take time to response to DR
signal are activated in the afternoon.
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16:00
17:00
18:00
19:00
20:00
21:00

DR (Air Cons in
households)

DR (Industrial Air
Cons)

DR (Cogeneration)

DR (PHV)

Stopping PHV charging
after returning home
ensures DR volume.
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Theme A : Control of distributed power sources

I. Utilization of DER to realize
local production for local
consumption

© Balancing b/w demand and
supply

Controlling power resources
such as storage batteries,
PHVs, heat pump water
heaters, cogeneration units
and so on

© Toyota Motor Corp.
participates as an aggregator
and utilizes batteries in PHVs
as distributed power sources.

II. Providing balancing
control power to TSO/DSO

Providing balancing control
power to TSO/DSO

Controlling storage batteries,
cogeneration units and so on
to provide TSO/DSO with
balancing control power

Try to provide 3 types of
balancing control power to
TSO/DSO and also conduct
verification test of DR to
create demand
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Theme B : Control of grid

. Advancement of operation of the
distribution system

Optimization of the distribution system
Optimization of operation

|

|

|

|

|

|

|

|
Controlling storage batteries to 1
accommodate large amount of 1
|

|

|

|

|

|

|

|

I

renewable energy

Achieve the optimal distribution system
with using voltage adjusting equipment
Consider optimal quantity and
allocation of storage batteries
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Utilizing BESS for Distribution Grid Operation
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Verification of the possibility of achieving optimal distribution system configuration and
the effect of suppressing voltage variation by controlling storage batteries

Increase in cost for upgrading of distribution
system (e.g. rewiring)

.

Control peak power flow by releasing power
from storage batteries and avoid reinforcement
of the system

Large voltage variation due to a large
amount of renewable energy connected to
the distribution system

.

Suppress voltage variation by
controlling storage batteries

Release power from batteries

Distribution

Control BESS when voltage
fluctuation is large

u Battery
1
. il

PV
LRT
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& Distribution
& m Automation
System

Economical Utilization of BESS in Distribution Network

Single purpose
- has to pay its full cost.
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- should be compared to other countermeasures in the view of

economical investment.

In case of suppression of voltage fluctuation, reactive power by
SVC, etc. can compensate. (No need of active power in general)

Multi-purpose

- can cost less per purpose as the cost per purpose can be

divided.

- leads to rational distribution facility formation in the future.
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Copyright © CHUBU Electric Power Co, Inc. All Rights Reserved.

2022/12/23


https://www.n-koei.co.jp/
https://www.n-koei.co.jp/

’LHU#-\.

Fler =P

Overview of Demonstration System Environment AR FEEHE

6.6 kV Line length : 22 km

C6.6kV g 0

LR

() sve

Client (Step Voltage (Step Voltage
Terminal T-5/S Regulator) Regulator)
l Mitsubishi Electric D|Str|buted PV-
couter pata Center 1000kW in 6.6 kV line
Distributi . . R
2, | 600KW in 100/200 Vline Li-Battery
E-,l / DERMS G (DSO Owned)
VPN Router
Network E Battery Resource
VPN Rout: Aggregator System|
- 300kW/300kWh
EJ\ ‘ Battery Control - Result of
& Monitoring Performance | [. et point
. System - SOC . Di N
+ Sett Point irection of Charge

- Direction of Charge and Dischar