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1. Overview of the VRE forecast model RETS

NIPPON KOEI

It is said that the meteorological phenomenon that can be represented by the resolution of the numerical weather
model is 5 to 8 times its size. The effect of terrain smaller than the resolution cannot be expressed.

By using the statistical method, it is possible to correct short-term fluctuations and the bias of the meteorological
model, and improve the prediction accuracy.
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1. Overview of the VRE forecast model

'CHUBU

¥ Electric Power
NIPPON KOEI

® Weather forecast for VRE can be calculated based on the weather models of the
Japan Meteorological Agency and the Meteorological Organizations of each country.

Meteorological Organizations

“

N e

béervatlonal data

5°
X A

Various

7~ (global / regional models, etc.)

(example)
Domain: Global
Frequency: once a day
Forecast range:

84 hours ahead
Time interval: 6 hours
Resolution: 0.5 degree
Variable: air pressure, wind,
temperature,
humidity
Precipitation, etc.

Model initializing

L~

GSM-TL959L100 2015.02.15.12UTC FT=048
(Valid Time: 02.17.12UTC)

S
Forecasting

20 40 60 80100

feed
L45'N ’«E‘
aon f
15°N
J O\

Japan Weather Association

(statistical model calculation)

Output
from
Weather
model

_\

Statistical Forecast for
model _ VRE
calculation [ Wind speed |

[solar radiation]

(example)
Frequency: once a day
Forecast range:

72 hours ahead
Time interval: 1 hours
Variable: Wind speed
solar radiation

X Specification should
be considered in detail
at the time of design

J

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


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

'CHUBU

¥ Electric Power

1. Overview of the VRE forecast model NIPPON KOEI

® Weather forecast for VRE can be calculated based on the weather models of the
Japan Meteorological Agency and the Meteorological Organizations of each country.

Meteorologi_cal Organizations Japan Weather Association
7~ (global / regional models, etc.)

it Forecast for
from Str?ltcl)sgg:lal e
Weather _
calculation [ Wind speed ]

[solar radiation]

(example)
Frequency: once a day
Forecast range:

72 hours ahead
10| Time interval: 1 hours
8 | Variable: Wind speed
6 solar radiation
4
2

o

AAAAAAA

at

bservational
(example)
Domain: Global
Frequency: once a day
Forecast range:
84 hours ahead

Time interval: 6 hours
Resolution: 0.5 degree
Variable: air pressure, wind,
temperature,
humidity
Precipitation, etc.

el e
Various

The weather observational data is

required to develop both the solar
irradiation and the wind forecast

models.

X Specification should
be considered in detail
at the time of design

- Analysis
- Verification of accuracy(weather)

J
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1. Overview of the VRE forecast model W Eiectic rower

NIPPON KOEI

® The output of PV and wind power can be predicted from weather forecast results and
specifications of facilities.

—27{tRRRSE —234-FHRSE
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Facility information
wind turbine rated
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wind turbine model o —SUATHREE  —290TARES
number 6000

number of wind turbines
wind turbine hub height
power curve, etc.

Y-S RME
(kw)
g 8
g8 8

0
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E 6000 —
wind speed wind power 65
at wind power generation —1_ T !
plant 4 { statistical J at the plant T’ ’ 20013/11/1 WY WAV 0BAYE 0N 0s 2013
. L model .
Forecasting solar radiation | = — X_axis: timeline [year/month/day]
at PV power plant (image) _— ‘ statistical ’ Y_axis: total amount of all power
o~ - — — - solar radiation model PV power output(wind+ PV) [KW]
T o at PV power 1 ~»  generation legend: == historical result
=% plant at the plant = forecast for power
/ generation output

X Specification should be considered
in detail at the time of design
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Forecast system of PV output
is installed at Central Load
Y Dispatching Center in CEPCO.

Facility information
panel capacity,
PCS capacity
type of solar panel
panel azimuth/tilt angle, etc.
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1. Overview of the VRE forecast model W ElecticPouer
NIPPON KOEI]I
® The output of PV and wind ngwer can be predicted from weather forecast results and
specifications of faci — —
SE Forecasting wind speed Facility information gsm
! o . féaooo
at WOWI" anF (|mg) wind turbine rated 5 0
V 5 - ;Aé'“ ¥ CapaCIty 2$13/9/1 2013/9/6 2013/9/11 2013/9/16 2013/9/21 2013)9/26 2013/10)
* wind turbine model o —iPATHREE  —ivnTaRes
number 6000

number of wind turbines
wind turbine hub height
power curve, etc.

Facility information

is needed for W
analysis to develop | Lo

plant

wind power

generation —|_>

J at the plant

statistical

power generation _ model
prediction models for l _ statistical
. solar ra®igtion model PV power
solar and wind ) at PV pouis el generation |
/ > at the plant

Y-SR RME
(kw)
g

2013/10/1 2013/10/6 2013/10/11 2013/10/16 2013/10/21 2013/10/26 2013/10/31

- — 391 EHRSE — 29475288

0
2013111 2013/11/6 2013/11/11 2013/11/16 2013/11/21

Y-SR RBRE
(kw)
E g
8 8

2013/11/26 2013/12f

X_axis: timeline [year/month/day]
Y_axis: total amount of all power
output(wind+ PV) [kW]
legend: === historical result
= forecast for power
generation output

Facility information
panel capacity,
PCS capacity

type of solar panel

panel azimuth/tilt angle, etg

= ==

X Specification should be considered
in detail at the time of design

{ Forecast system of PV output
is installed at Central Load
Dispatching Center in CEPCO.
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1. Overview of the VRE forecast model W Eiectic rower

NIPPON KOEI

® The output of PV and wind power can be predicted from weather forecast results and

specifications of facilities. T —T
. . g

= Forecasting wind speed Eacility inf " 5;‘”“
£-  at wind power plant (image) LIy ATl iel szl o)y giuw
i,.. DER— e wind turbine rated I
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1 £ oo s wind turbine model oo —iYATNRRE  —2vaTRE

number

Power generatlon number of wind turbines

outputs is required wind turbine hub height
power curve, etc.

to develop and

Improve power wind speed

generation l at wind power [ e
—_ plan
prediction models. W
‘ — 4, X_axis: timeline [year/month/day]
Y_axis: total amount of all power
model
mege q

. Analysis solar radiation PV power output(wind+ PV) [kW]
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e . at PV power | generation legend: == historical result
- Verification of plant at the plant — forecast for power
accuracy(power generation output
. A . X Specification should be considered
generation) Fa(;'g;é'g;‘;;n;i?;'on | in detail at the time of design
PCS capacity S @

type of solar panel

{ Forecast system of PV output
is installed at Central Load
Dispatching Center in CEPCO.

panel azimuth/tilt angle, etc.
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2. Developing method of the VRE forecast model NIPPON KOEI

This flow diagram shows an example approach for predicting power output using weather
forecasts. The overall flow is the same for PV and wind power. Facility information is
mandatory to power generation.

Global weather model

e —
Model output

Statistical collection

Weather

Historical forecast .
observational data

\1)
\ 4

Collection
parameter

AN

Forecast for VRE
[ Wind speed ]
[solar radiation]

\}

Convert

Facility information

Forecast for VRE output

[wind power generation]
[PV power generation]
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2. Developing method of the VRE forecast model NIPPON KOE}

Verification with historical data is ideal. Optimal parameters are adjusted by verification using
weather observational data and power generation data. This will give you a more accurate

forecast.

Global weather model

e —
Model output

Change parameter

Statistical collection

pd
~

Forecast for VRE

[ Wind speed ]
[solar radiation]

\}

Convert

Forecast for VRE output

Verification

- Weather observational data
at the plant

J

Change parameter

pd
~

[wind power generation]
[PV power generation]

Verification

B il
« Historical data of

power generation
+ Operation information

J
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2. Developing method of the VRE forecast model NIPPON KOEI

When forecasting future planned plants, historical power generation data cannot be obtained.
At this time, it is desirable to verify the prediction accuracy using the nearest weather
observational data managed by the National Meteorological Bureau.

Global weather model

e —
Model output
pd

Statistical collection < . . From nearest weather
Verification I I. <] observational station

managed by the National
Meteorological Bureau.

Change parameter

Forecast for VRE .
[ Wind speed | >| * Weather observational data

[solar radiation] j

\}

Convert

Forecast for VRE output

[wind power generation]
[PV power generation]
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6.1.2 VRE forecast method and system configuration in P civsy

¥ Electric Power

Chubu Electric power NIPPON KOEI

Contents
1. Procedure for PV Forecasting

2. Irradiation Measurement System for PV Forecasting
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1. Procedure for PV Forecasting w' Eecneronr

NIPPON KOEI

_ bate, Time, Panel Capacity Transmission/
Weather Information Panel Angle Distribution loss
(e.g. Atmospheric \l,
Pressure Distribution) rEE AT G
> PV Panel ¥
. Surface PV
\ / Forecasting*®?
y applying weather forecasting Temperature
technologies, the thickness, height and Loss of PV
size of clouds is predicted. Panel
v"In addition, irradiation on the ground is
predicted based on the forecast of
atmospheric conditions such as moving [ Hydro ]
direction and velocity of clouds. |f‘> Total Supply
[ Thermal ]
5| [Irradiation on | Central Load Dispatching Center
the Ground* Chubu Electric Power Grid Co., Inc. (Source: CEPCO)
%1 All of Electric Power Companies in Japan receive the weather
data from Japan Weather Association.

Temperature*! %2 Some part of Electric Power Companies receive the PV
Forecasting Data from Japan Weather Association.

Japan Weather Association

(Source: Japan Weather Association)

13
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2. Irradiation Measurement System for PV Forecasting

'CHUBU

Electric Power

v
NIPPON KOEI

Measurement area in service area is

divided into 14 areas based on regional P Y/
irradiation characteristics and introduced P
PV capacity. ek
Irradiation is measured by I — o -
instrument ,called PV300, at every minute. T8 ; R Azumino [ *2* [ Tomi :
The number of the Irradiation measuring g e/ B I bt Matsumotoln #:{ _saky "
points is 3 or more in each measurement e SEWEL Lo AN
area. ::‘»:‘I”ﬂ 3 0 ; 2 | .U‘ n'.(;w:-
Measurement data is transmitted to =y e\
Central Load Dispatching Center by online. sk ||Nakat§1gawa| - R e sl e
| ida " v m:m
@ PV300 (Installed by CEPCO) : ) - '
. HER { i | 1 . i‘l.h ,“,
Pyranometer - 39 locations / Hokk”; ": Nag"f: @::Zy:f stimizy [oesiz
& - TSty 4 w1 | Shizuoka &
:“-M“ H ;ﬁn 9 |Ga agori| | Shim o
age, . . Lo —. : T«OYO? S | | ”
& Facilities of Meteorological Agency Ueno— 7o | s a2
_ =-|Matsuzaka ==—=x; R il :
Pyranometer - 3 locations K O VS
Estimated - 5 locations Pl il
Irradiation W ofh 1omie
= = (Source: CEPCO)
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6.1.3 Development sites for VRE output forecast model in CEB

Contents
VRE Resource Development

Resource Potential
Wind Resource Development

Solar Resource Development

a ~ WD E

Future plan of VRE output forecast in CEB
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1.VRE Resource Development NIPPON KOE!

Past and future Growth of Renewable Energy based Generation Capacity

7000
6000
Future ORE
Past Development 4 P Capacity Projection
5000 —_—
Solar

= VRE
S 4000 _—
=
G
& 3000
S

Wind
——r
Biomass
Mini Hydro
Major Hydro

2000

- IIIIIIIIIIIIIIIIIIIIIII
O = M~ M o=
SSS88

0
TR R EEEEEEEEEE SN3R8888358588
HH#HHNNNNNNNNNNNNNNNHNNN Lot I o' [} - NNNNNN

Revised Base Case Plan- Draft LTGEP 2020-2039

Source: Made by CEB
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2. Resource Potential NIPPON KOE]

Solar Resource Wind Resource

VRE Resources mapped by Sri Lanka Sustainable Energy Authority (SLSEA) in 2020

Source: Made by CEB
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3. Wind Resource Development NIPPON KOEI

Existing and Future Clusters

v »"\ * Northwestern Cluster
~ » Eastern
|
~"*’1r\\ * Mannar Cluster
v * Northern Cluster

]
' e Eastern Cluster

Source: Made by CEB
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NIPPON KOEI

Grid Scale
and Small Scale

@ Existing plants

19

Source: Made by CEB

Rooftop

Nai CEB DISTRIBUTION
g BOUNDARIES & CEB AREA

BOUNDARIES
irame
P e
N ABEA Sy
Apgrowwaadted Saobog
N Sol PV capacky
—— —'?'-<' ® 2B tewwmstt o
K (&) uoransiann
W | \ /‘I
£ f - |
Y
44 o
Y - ¥ ] )
it S AN [ T A
i Pl el
o Wil
: (
} -
J \
o |
5
». |
L
A
/ Pt
{ L 4
e —
4 \_
\_.,3'

Rooftop Capacity

Future Development

1. Ground Mounted Solar

a. Large and Medium scale solar parks
(10-100MW)

b. Scattered small scale solar parks
(1-10MW)

c. Scattered small scale solar parks
connected to LV Network

2. Rooftop Solar (Net Metering, Net Plus
& Net Accounting)
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'CHUBU

¥ Electric Power

4. Solar Resource Development NIPPON KOEI

Large/Grid Scale Development

1. Resource Development Zones have been
identified

2. Small scale geographically scattered development
Programs will continue

Source: Made by CEB
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5. Future plan of VRE output forecast in CEB NIPPON KOET

A centralized forecasting system providing a system wide forecasting
is preferred

Scale and the locations of future VRE resource development to be
considered appropriately for developing the forecasting system
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4. Solar Resource Development

CES DIST. DIVISIONS

';""z':" e CEB DISTRIBUTION
MY e . Fons BOUNDARIES & CEB AREA
e S .
i : . O BOUNDARIES
NORTH CENTRAL ) P o
NET Arschagun
NCT Kakirwan Licanc
g — ACMAN TTRATIVE PROVNG AL
NPT PR TEOY - o
NN Criey ~ OB ARLA BOUNOARY
NAG Kanrwgoes .
promatm i RO ] Apprommates Roaftop
NN W prsia % Solar PV capadity
R P & MORTHERN
T Nt - Admmnistration
COLOMBD CITY 3 @ CEB Admnist
G Caowdn Wt [
Coovte Bash i
Coborvte Cant

@ LECO Adsunistration

DASION 93

WESTESN 20 2
WS! Snipew -
WID Aanuaads

DIVISION 94
WESTRAY SOJTH |
WK Debrawn
ARt e
WES Kawiers

[[oawesarz01 |
Source: Made by CEB
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Installed Capacity (MW)

5
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Three Areas account for nearly
77% of the Total installed rooftop
PV Capacity
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6.2.1 Outline of VRE forecast model
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1. Forecast Points of VRE

NIPPON KOEI]
Forecast points Information on forecast point
0 SPP (Utility)  x 3 sites g i&?rmation on forecast Lat/Lon
0 SPP (Roof-top) X 2 sites
WI?PTC"M @ e 3 erae WPP1 Northern Wind Power Plant 9.55/80.35
: 9.050124,
© iy WPP2 Mannar Wind Power Plant 270.792038
WPP2 WPP3 Mampuri Wind Power 8°0'36.37"N,
QFacHityd Plant 79°43'24.09"E
R PLLONMG SPP1 Vydexa solar Power 8°46'9.49"N,
Plant 80°31'39.88"E
7°58'31.38"N
Do SPP2 Solar One Ceylon Power 81°14'18.23"E
9 Facilit Area 1 O Facility 5
25 SMW SPP? SPP3 Saga Solar Power 6.22/81.085
Z1)Ss SPP4 Kuliyapitiya Area 7.5/80.05
© Faciiy SPP5 CEB Head office 6.9/79.8

SPP4

Area 2

{ 143.0MW
WSPRA 1 or 2

>~ Saga Solar POWER

Electric Power
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2. Overview of the VRE forecast for Weather NIPPON KOEI
® \Weather forecast for VRE can be calculated based on the weather models of the
Japan Meteorological Agency and the Meteorological Organizations of each country.
Meteorological Organizations Japan Weather Association
4 (global / reg;orjal models, etc.) (statistical model calculation) )
Output Forecast for
from VRE
Weather i i
model Caloulatoy [!s,\é\ll;??;;:ggr}]

AN S
Various observational data

(example)
Domain: Global
Frequency: once a day
Forecast range:

84 hours ahead
Time interval: 6 hours
Resolution: 0.5 degree
Variable: air pressure, wind,
temperature,
humidity
Precipitation, etc.

Model initializing

L~

GSM-TL959L100 2015.02.15.12UTC FT=048
i 3

02.17.12UTC)

s
Forecasting

20 40 60 80100

30°N 7

J

25

Time interval: 1 hours
Variable: Wind speed
i solar radiation
15°N f:

L % Specification should
be considered in detail
at the time of design

\__

(example)
Frequency: once a day
Forecast range:

72 hours ahead

J
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3. Overview of the VRE forecast for output W Eiecticower

NIPPON KOEI

® The output of PV and wind power can be predicted from weather forecast results and

specifications of facilities.

=  Forecasting wind speed
EE at wind power plant (image)

—27{tRRRSE —4HFHRSE

8
g8

g
g

Facility information

Y-SR SRWRE
(kw)
g
8

oy T wind turbine rated 2°°°
;J' CapaCIty Zgl;/9/17 2013/9/6 10173/9/11 2013/9/16 2013)9/11 2013/9/26 V 2’013/10
wind turbine model oo —iYATNRRE  —2vaTRE
number E 0 -
number of wind turbines §3m
wind turbine hub height 5 01
power Curve’ etc' 2(;)13/10!1 2013/10/6 2013/10/11 2013/10/16 2013/10/21 2013/10/26 2013/10/31
3500 —&4 4 EHREE — 4411 FHRRE
E 6000 —
wind speed wind power 8w
at wind power generation I w
plant < { statistical J at the plant ) zgxa/n/x oyYWE  NBAYN NBAYe 0w os 203
. L model .
Forecasting solar radiation — X_axis: timeline [year/month/day]
at PV power plant (image) _— ‘ statistical J Y_axis: total amount of all power
: — s ol [ sSOlar radiation model PV power output(wind+ PV) [kW]
: M o at PV power generation legend: = historical result
' ' plant J at the plant = forecast for power
/ generation output

X Specification should be considered

St o in detail at the time of design

panel capacity,
PCS capacity
type of solar panel
panel azimuth/tilt angle, etc.

E
g
g

2500
=
-3
3
&
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4. The Process of the VRE forecast model NIPPON KOEI

This flow diagram shows an example approach for predicting power output using weather
forecasts. The overall flow is the same for PV and wind power. Facility information is
mandatory to power generation.

Global weather model

e —
Model output

Statistical collection

Weather

Historical forecast .
observational data

\1)
\ 4

Collection
parameter

AN

Forecast for VRE
[ Wind speed ]
[solar radiation]

\}

Convert

Facility information

Forecast for VRE output

[wind power generation]
[PV power generation]
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5. Collected Data on developing the model NIPPON KOEI

Historical data(as of Sep. 9, 2022)

Northern Wind Power Plant Mannar Wind Power Plant Mampuri Wind Power Plant
10MW 103.5MW 10MwW

Weather From Jun 1,2021 to September From Jun 21,2021 to Jun -

(Wind Speed and direction) 30,2021 13,2022

VRE Output From July 1, 2021 to Jun 13, From July 1,2021 to June From July 6,2021 to Jun 13,2022
2022 13,2022
From September 1, 2022 to From September 1,2022 to
September 9, 2022 September 9,2022

SPP1 SPP2 SPP3

Vydexa solar Power Plant Solar One Ceylon Power Saga Solar Power
10MW 12.5MW 10MW

Weather From July 1,2021 to October From Jun 1,2021 to October -

(Irradiation) 21,2021 21,2021

VRE Output From July 1,2021 to Jun 13,2022 From Jun 1,2021 to June From July 1, 2021 to Jun 13,
13,2022 2022
From September 1, 2022, to

September 9, 2022

SPP4 SPP5 ]

Kuliyapitiya Area CEB Head office
50kW 90.9kW

Weather - -
(Irradiation at the nearest

area of the installed location)

VRE Output From July 1, 2021 to September From July 1,2021 to Jun 13,2022
12, 2022

28
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5. Collected Data on developing the model NIPPON KOEI
Facility Information of VRE forecast (SPP)
Utility PV Roof-top PV
SPP1 SPP2 SPP3 SPP4 SPP5
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
. . plant (Vydexa solar  |Power POWER
Information/Site :
power plant) (Pudukadumalai)
SPP
Area \VVavuniyava \Welikanda Hambantota Kuliyapitiya Slave Island
Premises Privately Owned Privately Owned CEB Head office
' 8°46'9.49"N, 7°58'31.38"N 6.22 ,81.085 7.469655377230161, [6.930312772873491,
Location (Lat/lon) 80°31'39.88"E 81°14'18.23"E 80.05004525435352  [79.84709213773222
Period of Installation Jul-17 Dec-16 2015-2016 09/02/2018 installed 2019-jun-25
Panel Azimuth Angle 0 90° 30 degree
Panel Tilt Angle Single-Axis Tracking |Single-Axis Tracking [5 degrees to 15 35° 8 degree
Type of Installation Gound Mounted Gound Mounted GMFT roof on small structure
350p Monocrystalline [315Wp & 320Wp MULTI CRYSTALINE|Monocrystalline MONO PERC
Type of PV Module Polycrystalline
Total Panel Capacity 10 MW 12.5 MW 10MW 50 KW 90.9 KW
ABB SMA Gmbh STP 25000 |TR10-20.0-TL-OUTD-
TL-30 S2X-400 X 1 no /TR10-
PCS or Inverter model 57.6-TL-OUTD-400 X 3
No
_ 1IMW*10 25kVA 20kW X 1 No and
PCS or Inverter Capacity 27kW X 3 No
Online Data Availability Yes Yes
(If possible)
Past Data availability Yes Yes
(If possible)
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Facility Information of VRE forecast (WPP)

WPP1 WPP2 WPP3
Facility No. Facility 3 Facility 2 Facility 1
Information Northern Wind power plant Mannr Wind power plant Wind plant from cluster in Puttalam
Site \Vallimunai 10MW Wind Power plantfThambapavani Wind Power plant (CEB) Mampuri Wind Power Plant— Stage |
Area Jaffna Mannar Island Puttalam
Premises Beta Power (Pvt) Ltd Thambapavani Wind Power plant Mampuri Wind Power Plant

Location (Lat/lon)

9.556760792037888,
80.35954521288103

9.050124, 79.792038

8°0'36.37"N, 79°43'24.09"E

Period of Installation December 2014 End 2020- Being Commissioned 2010
Number of wind turbines 8 30 8
Llle t“rb'S;rj;?td Capaclty 11 500 kW (ReGen VENSYS 82V82) 3,450kW 1,250kW
Total amount of Wlnd turbine 12 MW 103.5 MW 10 MW
capacity
Wind turbine hub height 85m 80m

Power curve

Cut-in wind speed: 2.5 m/s

Rated wind speed: 13 m/s

Cut-off wind speed: 22.5 m/s
http://www.regenpowertech.com/10

(includes cut-in, rated, cut-out|
wind speed)

4/wind-turbine

Rated power: 3,450 kW

Cut-in wind speed: 3 m/s

Cut-out wind speed: 22.5 m/s

Re cut-in wind speed: 20 m/s

\Wind class 1EC IIIA/IEC 1IB
https://www.vestas.com/en/products/4-mw-

platform/v136- 3 45 mw#!technical-

Power Curve Data-
https://www.thewindpower.net/turbine_en 220
suzlon s64-1250.php

Past Data availability

(If possible)

Important items for
Building VRE forecast model

Request more information
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Specification of the VRE forecast

'CHUBU

¥ Electric Power
NIPPON KOEI

Category

Contents

Data distribution periods

From July 1, 2021, to February 28, 2023

Forecast range

Up to maximum 78 hours ahead from initial time

Frequency

Twice a day
(6 AM and 4 PM in Sri Lanka Standard Time)

Timestep

Every 15 min (3XInterpolated value)

Data variables

PV
@®Total amount of solar radiation(W/m)
@PV power output(kW)
WF
®wind speed(m/s) and direction
@WF power output (kW)

Forecasting point

8 points set by Latitude/longitude

File format

XML(two files, weather and VRE output)

Data access

HTTP-GET

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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0. Delivery method of VRE forecast NIPPON KOEI
HTTP-GET ) : POST B) : REQUEST
_ Internet
JWA JWA CEB
Server Hosting Server client

The data size of 2 XML file to be sent is expected to be about 200KB per delivery
Data for the past 1 week is stored on JWA Hosting Server, if old data is needed

Copyright © Chubu Electric Power Co., Inc. All rights reserve d.
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0. Delivery method of VRE forecast NIPPON KOEI

[File format (example of VRE output)]
The following is an image of the forecast information provided in XML format.

<point code=“714401001"> Time of forecast target (local time: SLST)

A e

Point <forecast time="2022-03-28T06:15">
number <generatedEnergy_kw rank="">670</generatedEnergy_kw>

</forecast> . Forecast of VRE output
<forecast time="2022-03-28T06:30">

<generatedEnergy_kw rank="">658</generatedEnergy_kw>
</forecast>
<forecast time="2022-03-28T06:45">

<generatedEnergy_kw rank="">645</generatedEnergy_kw>
</forecast>
<forecast time="2022-03-28T07:00">

<generatedEnergy_kw rank="">633</generatedEnergy kw>
</forecast>
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6.2.2 Way of thinking of the candidate of the VRE model "
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deveIoEment Eoint NIPPON KOEI

Contents

1. The viewpoints of candidate sites selection

2. Facility information

3. Examine existing sites at the preparation stage

4. Method to decide the forecast points for rooftop PV
5. Determination of Forecast Points of VRE

Copyright © Chubu Electric Power Co., Inc. All rights reserv
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1. The viewpoints of candidate sites selection NIPPON KOET

When considering the candidate sites of the VRE forecast, the following
viewpoints shall be taken into account

v Facility information availability(mandatory condition)

v Larger generation capacity (100MW>10MW>1MW)

v Availability of measured data (output and weather> output > weather)
v’ Sites to represent the north, south, east, and west regions of Sri Lanka

* The above inequality sign (>) indicates the priority.

Copyright © Chubu Electric Power Co., Inc. All rights reserve d.
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2. Faclility information

[PV, Utility-scale]

Using the following facility information, the amount of solar radiation is converted into PV power
generation output This information should be organized by site.

PV facility information

example

Site name

Saga PV Site

Location(latitude/longitude)

Lat: 7.94YYYYY, Lon: 81.25XXXX

Period of installation

1 year and 3 months since installation

panel azimuth angle 180° (due south)
panel tilt angle 10°
type of installation Utility-scale

types of PV module

Monocrystalline Silicon,
Polycrystalline Silicon, etc

Total amount of panel capacity (kW)

100,000kw

PCS series-name (manufacturer)

PCS-ABC1200E (produced by ABC solar Co.,Ltd.)

Total amount of PCS rated capacity (kW)

100,000kw

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE——GS———

[PV, Rooftop]

Using the following facility information, solar radiation is converted into Rooftop PV power
generation per resident(household). These information should be organized by area.

Rooftop PV facility information example
Area name Rooftop South
Representative Location(latitude/longitude) Lat: 7.94YYYYY, Lon: 81.25XXXX
Period of installation (If possible)
Representative panel azimuth angle 180° (due south)
Representative panel tilt angle 10°
type of installation Rooftops
Representative types of PV module Monocrystalline Silicon,

Polycrystalline Silicon, etc

Representative panel capacity kW) 4.5kw
X per resident(household)
PCS series-name (manufacturer) (If possible)
Total amount of PCS rated capacity (kW) (If possible)

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Using the following facility information, wind speed and direction is converted into Wind power
generation output. This information should be organized by site as in the table below.

Wind facility information

example

Site name

2777 \NPP Site

Location(latitude/longitude)

Lat: 7.94YYYYY, Lon: 81.25XXXX

Period of installation

8 months since installation

X please refer to product catalog of wind
turbine.

number of wind turbines 11

wind turbine rated capacity per unit (kW) 1,700 kW

Total amount of wind turbine capacity (kW) 18,700 kW

wind turbine hub height 60m

power curve ———r—

(includes cut—in, rated, cut—out wind speed) L o
é cut—in t

Rated cut—out
speed speed

Wind speed at hub height [m/s)

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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3. Examine existing sites at the preparation stage NIPPON KOEI

.

Puloppalai WPP
10MW

/

Mannar WPP 100MW

///"

Nirmalapura WPP 10MW
Puloppalai WPP 10MW
Vallimunai WPP 10MW
Mampuri WPP 10MW
Mampuri Il WPP 10MW
Mampuri IIl WPP 10MW
Uppudaluwa WPP 10MW
Madurankuliya WPP10MW
Kalpitiya WPP 9.8MW
Erumbukkudal WPP 4.8MW
Seguwantivu WPP 10MW
Vidatamunai WPP 10MW

Willpita WPP
0.85MW

Utility-scale VRE

Peduncular Solar PV PP
10MW

Solar One Ceylon Power

(Pudukadumalai) Solar PV PP
10MW

%

[ Ambewela WPP 3MW

Rooftop PV

® Saga (Baruthankanda) SPP 10MW

Iris (Baruthankanda) SPP 10MW
Gonnoruwa(Phase 1) SPP 0.737MW
Gonnoruwa(Phase II) SPP  0.5MW
Anorchi Lanka (Baruthankanda) SPP 10MW

Distribution of the Existing VRE Sites as of 2020.Sep

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


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

'CHUBU

¥ Electric Power

4. Method to decide the forecast points for rooftop PV NIPPON KOEI

Points of view to decide the points of rooftop PV

1 Please set appropriate points (latitude and longitude) for forecasting.
Concerning a distribution map of Rooftop PV with capacity level, it is
better to select a capacity-intense area as a forecast location.

2 Please investigate and create “Representative average facility
information” for each area. Panel azimuth angle, tilt angle, types of PV
module, and panel capacity are mandatory parameters.

3 Please create a profile of power consumption per resident to calculate
surplus power generation from forecast output.

4 Please prepare the parameter of the number of Rooftops by area to
reflect its rapid-growing. (e.g. monthly number of Rooftop PV, etc)

S Is it possible to obtain data records of “all-quantity power generation
per resident(household)”? It will be useful to verify the forecast
accuracy.

Copyright © Chubu Electric Power Co., Inc. All rights reserve d.
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5. Determination of Forecast Points of VRE NIPPON KOEI
Forecast points Information on forecast point
O SPP (Utility)  x 3 sites _ Forecast Information on forecast Lat/Lon
site(Capacity) site
o SPP (Roof-top) X 2 sites
© Faiiy 3 WPP1(12MW Northern Wind Power Plant 9.55/80.35
WPPl(lZMW) @ WPP X 3 sites ( ) ' ’
. 9.050124,
© iy WPP2(103.5MW) [ Mannar Wind Power Plant 9.792038
WPP2(103.5MW) Mampuri Wind Power 8°0'36.37"N,
O iy« WPP3(10MW) Plant 79°43'24.09"E
SPP1(10MW) SPP1(10MW) Vydexa solar Power 8°46'9.49"N,
Plant 80°31'39.88"E
7°58'31.38"N
P A SPP2(12.5MW) Solar One Ceylon Power 81°14'18.23"E
e Facilit Area 1 0 Facility 5
25 MW SPP2(12.5MW) SPP3(10MW) Saga Solar Power 6.22/81.085
Z) 53 SPP4(50KW) Kuliyapitiya Area 7.5/80.05
© Faciiys SPP5(90.9KW) CEB Head office 6.9/79.8

SPP4(50K

Area 2
143.0MW

i, Facilit 1 or 2
SPP5(90.9KW)

SPP3(18MW)

" Saga Solar POWER
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6.2.3 Data and the acquisition method for the development ,'cHusu

Electric Power

of VRE forecast model NIPPON KOEI

Contents

1. Necessary data on developing the model
2. Acquisition method for the development of the VRE forecast
model

Copyright © Chubu Electric Power Co., Inc. All rights reserve d.
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1.Necessary data on developing the VRE forecast model NIPPON KOE]

The priority of collecting data for the development of the VRE forecast model

Target Site Weather data Output data of | Facility

wlng speed & direction for information

ind power

Solar irradiation for Solar power
Existing Site O O ©
(Data source) (CEB/IPP/DOM) (CEB/IPP/etc.) (CEB/IPP/etc.)
Planning Site O X @)
(Data source) (DOM/etc.) (CEBJ/IPP/etc.) (CEBJ/IPP/etc.)

© : Mandatory, O : Desirable, X : Not available
DOM : Department of Meteorology, Sri Lanka

Copyright © Chubu Electric Power Co., Inc. All rights reserve d.
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1.Necessary data on developing the VRE forecast model  nwron koe

Data acquisition condition VRE Forecast Accuracy(image)
Condition | Weather Weather | Output Facility 100
data data data of | informat 920
(CEB,IPP) (DOM) | VRE ion
80
C1 @) X O o - ;8 \
>
C2 X O @) O &8 50 \
2 40
C3 X X @) O 3
< 30
C4 X @) X @) 20
c5 x x X o 10
0
O : Available,x : Not available Cl C2 c3 C4 C5
DOM : Department of Meteorology, Sri Lanka Condition

The Accuracy of the VRE forecast model depends on the condition of
data acquisition

44
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2. Acquisition method for the development of the VRE forecast model  auepon koer
_—_———————————————————————————————————————————————————————————————————————————————————————
[Weather observation data]

Location, available variables, and any other additional information are also important for weather
observational data.

additional information example
station name (ID) ® @ station 001
administrator CEB (or Department of Meteorology)
Location(latitude/longitude) Lat: 7.94YYYYY, Lon: 81.25XXXX
Variables solar irradiation, wind speed/ direction, daily

maximum/ minimum temperature, precipitation, hours
of daylight etc.

observation frequency every ten (10) minutes
period available since Mar.2017

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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2. Acquisition method for the development of the VRE forecast model  wweron koer
_—_———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

[Weather observation data)

Observational data (temperature, precipitation, solar radiation, etc)

FEHBE SECRRC RRC|IEKERKERKEBRKERES((BRE((BRE((BEE((BES((BES((BEE((ES((REEBRBR B EE B BEESE( BE(rEE(r AR BEER(NB5SE A5E RS
i OGS %
RERYEES BRAKEREHEES RRLOKERHEES BRRLIGERYEES BERAKEEHEES KEER KEEYEES 2 SEREHESR
2020/1/11:000 37 8 1 o 1 8 1l o 1 8 11 o 1 8 1 o 1 8 1 6 g8im 8 11 o 8 1
2020/1/12:000 35 8 1 o 1 8 1 o 1 8 1l o 1 8 1 o 1 8 1| 43 s4kE 8 1| o 8 1
2020/1/1300 36 8 1 o 1 8 1 o 1 8 1l o 1 8 1 o 1 8 1l 48 sHkkE 8 1| o 8 1
2020/1/1400 4 8 1 o 1 8 1l o 1 8 1 o 1 8 1 o 1 8 1 47 s4m 8 11 o 8 1
2020/1/1500 42 8 1 o 1 8 1 o 1 8 1l o 1 8 1 o 1 8 1 42 s4kE 8 1| o 8 1
2020/1/16:000 41 8 1 o 1 8 1l o 1 8 1 o 1 8 1 o 1 8 1 47 s4m 8 11 o 8 1
2020/1/17:000 38 8 1| o 1 8 1 o 1 8 1l o 1 8 1 o o 8 1 42 s4kE 8 1| o 8 1
2020/1/1800 44 8 1 o 1 8 1l o 1 8 1 o 1 8 1 02 o 8 1 24 84 8 1018 8 1
2020/1/19:000 52 8 1| o 1 8 1 o 1 8 1l o 1 8 1 o6 o 8 1] 18 sHkkE 8 1l o071 8 1
. - 2020/1/110:000 58 8 1 o 1 8 1 o 1 8 1 o 1 8 1 03 o 8 1 2 gd#= 8 109 8 1
timeline 2020/1/111:004 7 8 11 o 1 8 1 o 1 8 1l o 1 8 11 1 o 8 1 21 s4dk®E 8 1177 8 1
2020/1/112:000 94 8 1 o 1 8 1 o 1 8 1 o 1 8 1 1 o 8 1 19 8dd= 8 1193 8 1
2020/1/113:000 87 8 1 o 1 8 1 o 1 8 1l o 1 8 1 1 o 8 1 15 gmi=E 8 1 18 8 1
2020/1/114:000 96 8 1 o 1 8 1 o 1 8 1 o 1 8 1 1 o 8 1 22 84 8 1] 158 8 1
2020/1/115:000 88 8 1 o 1 8 1 o 1 8 1 o 1 8 1 1 o 8 1 07 8@ 8 1] 113 8 1
2020/1/116:000 79 8 1 o 1 8 1 o 1 8 1 o 1 8 1 1 o 8 1 22 gmm= 8 105 8 1
2020/1/117:000 56 8 1 o 1 8 1 o 1 8 1 o 1 8 1 03 0o 8 1 23 8@ 8 11007 8 1
2020/1/11800 55 8 1 o 1 8 1 o 1 8 1 o 1 8 1 o 1 8 1 3 8@ 8 11 o 8 1
v 2020/1/119:000 55 8 1 o 1 8 11 o 1 8 1l o 1 8 1 o 1 8 1 11 gmmE 8 1 0 8 1
2020/1/120:000 49 8 1 o 1 8 1 o 1 8 1 o 1 8 1 o 1 8 1 07 semmE 8 1 0 8 1
2020/1/121:000 43 8 1 o 1 8 1 o 1 8 1l o 1 8 1 o 1 8 1 o6 smm=E 8 1 0 8 1
2020/1/122:000 5 8 1 o 1 8 1 o 1 8 1 o 1 8 1 o 1 8 1 23 g®mkE 8 1 0o 8 1
2020/1/12300 43 8 1 o 1 8 1 o 1 8 1 o 1 8 1 o 1 8 1 13 8imA 8 11 o 8 1
2020/1/20:000 41 8 1 o 1 8 1 o 1 8 1 o 1 8 1 o 1 8 1 21 84m@ 8 1 o 8 1
2020/1/21:000 47 8 1 o 1 8 1 o 1 8 1l o 1 8 1 o 1 8 1l 18 s4kkE 8 1| o 8 1
2020/1/22:000 42 8 1 o 1 8 1l o 1 8 1l o 1 8 1 o 1 8 1 19 84 g8 11 o 8 1
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2. Acquisition method for the development of the VRE forecast model

Using the following facility information, the amount of solar radiation is converted into PV power
generation output This information should be organized by site.

PV facility information

example

Site name

Saga PV Site

Location(latitude/longitude)

Lat: 7.94YYYYY, Lon: 81.25XXXX

Period of installation

1 year and 3 months since installation

panel azimuth angle 180° (due south)
panel tilt angle 10°
type of installation Utility-scale

types of PV module

Monocrystalline Silicon,
Polycrystalline Silicon, etc

Total amount of panel capacity (kW)

100,000kw

PCS series-name (manufacturer)

PCS-ABC1200E (produced by ABC solar Co.,Ltd.)

Total amount of PCS rated capacity (kW)

100,000kw

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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2. Acquisition method for the development of the VRE forecast model NIPPON KOE!
_————————

[Facility information(PV, Rooftop)]

Using the following facility information, solar radiation is converted into Rooftop PV power
generation per resident(household). These information should be organized by area.

Rooftop PV facility information example
Area name Rooftop South
Representative Location(latitude/longitude) Lat: 7.94YYYYY, Lon: 81.25XXXX
Period of installation (If possible)
Representative panel azimuth angle 180° (due south)
Representative panel tilt angle 10°
type of installation Rooftops
Representative types of PV module Monocrystalline Silicon,

Polycrystalline Silicon, etc

Representative panel capacity kW) 4.5kw
X per resident(household)
PCS series-name (manufacturer) (If possible)
Total amount of PCS rated capacity (kW) (If possible)

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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2. Acquisition method for the development of the VRE forecast model ,:,ppm,wf,
_————————
[Facility information(Wind power)]

Using the following facility information, wind speed and direction is converted into Wind power
generation output. This information should be organized by site as in the table below.

Wind facility information example

Site name ZZ77Z \NPP Site

Location(latitude/longitude) Lat: 7.94YYYYY, Lon: 81.25XXXX

Period of installation 8 months since installation

number of wind turbines 11

wind turbine rated capacity per unit (kW) 1,700 kW

Total amount of wind turbine capacity (kW) 18,700 kW

wind turbine hub height 60m

power curve et o

(includes cut—in, rated, cut—out wind speed) % o o

X please refer to product catalog of wind E I cut=in !

turbine. i Rated cut—out

i speed speed

T e
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2. Acquisition method for the development of the VRE forecast model o

[Facility information(VRE operation information)]

Operation information is useful for developing the VRE forecast model.
For example, output reduction due to power control is not due to a meteorological
phenomenon. Considering such information contributes to forecasting accuracy.

1,500

g — corrected forecast — _ Non-corrected — historical result
~ forecast

— 1,000

=

-

% output reduction by power control
© 500

| -

)

=

o

o 0

2013/12/9 2013/12/14 2013/12/19 2013/12/24 2013/12/29
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6.3.1 Comparison result of the actual and the predicted value Jprow o

Contents
1. Comparison between the observed data and the forecasted data

2. Verification result of the accuracy of the VRE forecast model
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1. Comparison between the observed data and the forecasted data ¥ o

NIPPON KOEI

For SPP1 (Time series comparison)

D Forecasted Solar Irradiation and VRE output data tend to be underestimated.
@ The fluctuation of actual data is larger than that of forecasted data.

SPP1 SPP1
—e—Actual —=—Forecast —e—Actual -e—Forecast
000
'~ 1400
(él 10000
B
= 1 | =" 8000
1000 I E
i ’, =
g - ¢ ! It 2 "~
.© [
©
S 600 m | b ll \ 5
= | I i '1 ' l ) o o
T | i ! din
< I ’ | | i ol 19
5 |l "\h I ! d 2000
3w | 7 (T |
! 2 A > 1 | !
{ \ | ( y i
0 . . ! 0
@ n ! ® o ! @ ! o o
o - Q o Q o Q Q Q o (\B
ar? A e’ e at? ar® e are e At L e af® L it R
K A o A S s W A R v U4
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1. Comparison between the observed data and the forecasted data e

For SPP2 (Time series comparison)

D Forecasted Solar Irradiation and VRE output data tend to be underestimated.
@The fluctuation of actual data is larger than that of forecasted data

SPP2 SPP2

—e—Actual —e—Forecast

—e—Actual —e—Forecast

Output[kW]

08 0 50 o0
ol i o0 \v o0 v o &
o o s o
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1. Comparison between the observed data and the forecasted data NIPPON KOEI

For WPP1 (Time series comparison)

@D Forecasted Wind Speed data tend to be underestimated.
(@ Forecasted VRE output data tend to be overestimated.

WPP1 WPP1

—e—Actual -e—Forecast —e—Actual —e—Forecast

Wind Speed[m/s]

Output[kW]
&
_ mmiihas Y
___-\.-.u
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1. Comparison between the observed data and the forecasted data
For WPP2 (Time series comparison)

@ Forecasted Wind Speed data tend to be generally correct.
(@ Forecasted VRE output data tend to be overestimated.

WPP2 WPP2

—e—Actual -e—Forecast —e—Actual —e—Forecast

Wind Speed[m/s]
Output[kW]

LR Lh o o o o
' 4 e L £ >
g."\‘fz"‘ g-"\ﬂ\ Na 0-1';\“‘\ lo‘?-\\%\ 1@."\9\

~f A 20 2 2 290 19 g 0%

"CHUBU

Electric Power
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1. Comparison between the observed data and the forecasted Y o

NIPPON KOEI

For WPP1 and WPP2 (Power Curve comparison)

@ About WPP1 and WPP2,
VRE forecast model was constructed based on similar power curve,
because the power curve information was not available.

Create a power curve based on the measured values (Wind Speed and Output)
and apply it to the VRE forecast model.

WPP1 WPP2

e Actual e Forecast e Actual e Forecast

00000

Output[kW]
Output[kW]

8 10 12 14 16 0 2 4 6 8 10 12
Wind Speed[m/s] Wind Speed[m/s]
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2. Verification result of the accuracy of the VRE forecast model .00 xoer

We confirmed the current VRE forecast accuracy based on the observed

data we received.
Accuracy of VRE forecast

140
N
izllRfcst,i _ Robs,il 100
120 Error (%) = N X
i=1 Robs,i
Bad score
100 R,ps,;: Observed value,
Rfcse; + Forecasted value future goals (20%)
;\3' 80 N : Sample number of targeting I
— period 1
—
o /]
L /J
[}
]
40 4
;
20
Good score
0
WPP1 WPP2 WPP3 SPP1 SPP2 SPP3 SPP4 SPP5S
2021/7/1~ 2021/7/1~ 2021/7/6~ 2021/7/1~ 2021/7/1~ 2021/7/1~ 2021/7/1~ 2021/7/1~
2022/6/13 2022/6/13 2022/6/13 2021/6/13 2022/6/13 2022/6/13 2021/8/11 2022/6/13
N = 9942 N = 15511 N = 13395 N= N = N = N = 1015 N =
10208 14659 12795 15774

No additional
S7 data
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6.3.2 Review contents of the VRE forecast model on the basis ,' cusy

of a verification result of the accuracy NIPPON KOEI
Contents

1. Obtaining the historical data for VRE accuracy improvement
2. Improvement of the VRE forecast model
3. The result of the improvement of the VRE forecast model
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1. Obtaining the historical data for VRE accuracy improvement b

NIPPON KOEI

CEB provided the historical data to the JICA Expert team to develop the VRE
forecast model so that the JICA Expert team develop the model and evaluated the
accuracy of the VRE model by using the data below.

SPP WPP
Receipt status SPP1 UglFLtgzPV SPP3 SPEE 5 tOIOS.PPVPS WPP1 | wpP2 WPP3
Vydexa ;I‘;':f power Solar S:ﬁefey'on SAGA SOLAR POWER Rgglf;‘;szv \\,/vfl::jm;;vlrlgm’t '\gz'x‘;rmv‘g:td Mampuri Wind Power Plant
Facility information O O O O O O O O
(mainly location)
O O
O AR '?EMP Wind speed|Wind speed
. PYRANOMETER PYRANOMET’ER 2021/6/1~ | 2021/6/21~
Weather observation data 2021/7/1~ 2021/6/1~ X X x 2021/9/30, | 2022/6/13, X
202010721, | 2001110121 10min, | 10min,
15min 15min, ' Individual | Individual
(8 turbins) | (33 turbins)
O O O o O O O O
2021/7/1~ 2021/6/1~ 2021/7/1~ 2021/7/1~ 2021/7/1~ | 2021/7/1~ | 2021/7/1~ 2021/7/6~
VRE output data 2022/_6/13, 2022/5/13, 2022/6/13, 2021/8/11 2022/6/13, |2022/6/13, | 2022/6/13, 2022/6/13,
Smin, 5min, 5min, 15min ’ 5min, 5min, 10min, 5min,
Total Total Total ’ Total Total Total Total
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'CHUBU
2. Improvement of the VRE forecast model Y e

NIPPON KOEI

For WPP & SPP

- To calculate Error rate(%) correctly, exclude outliers in the data.

= Create correction coefficient to reduce Error from the relationship
between the Actual data and the Forecast data.

For WPP

- Apply the power curve created by actual data -
to the VRE forecast model.

Output

O ) .: h Wsind Spleoed[ml/}s] 1
For SPP

Applied image.
* Investigate the cause of underestimation and difference in daily variations.

- Check the quality of observed data (solar radiation and solar power generation).

- Establish correction factors by comparing maximum values of observed and forecast
data.
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3. The result of improvement of the VRE forecast model

New model

i

Solar Irradiation[W/m2]

400

SPP1

——Actual -e—Forecast_new

|

Irradiation

1A

SPP1
Old model

1600

1400

1200
1000
800
600
400
200
0

Solar Irradiation[W/m2]

!
1!

p\ﬁ \ﬁ

SPP1

—e—Actual —e—Forecast

|

®
1“1\(1 |

nﬂ9

Irradiation

0
>
ﬂnﬂ
20

o
o
ﬂﬁm‘

®

A

Output[kW]

'CHUBU

Electric Power

v
NIPPON KOE]

New model o Output
—e—Actual -e—Forecast_new

12000
10000

__ 8000

=

=

S 6000

o

=}

o

o® 2o oo o 1o® 40 ® o
o 0 L Al 1 Al \is A i A
f o e 2+ & o ﬂ“ &

Old model

12000

SPP1

—s—Actual -e—Forecast

10000 f
8000

6000

4000

2000

0 o!
Lo o o® P P ® o ®

o O
ar® ar® M ® w o
B1\\ “1\\ \1 o Al ﬂisﬂ .@1\“

v 1
1“ 10

v' The fluctuation of the actual data is much larger than that of
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forecasted data both irradiation and output
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3. The result of the improvement of the VRE forecast model NipPON Ko

HPa SPP2
New model e Irradiation ~ New model Output
A | F
—e—Actual —e—Forecast_new —e—Actual —e—Forecast_new
1800 12000
1600
10000 -
™ 1400
£
= 1200 _ 8000
H 2
0 1000 =
o) 5 6000
o o
- 800 =
u o
= 600 4000
=
i)
O 400
A 2000
200 [
0 0 ® ® o ® ® ®
® o» o o ® o o o of of
Sl e A o Sl 11" Sl 'le A0 @ A0 Lol Sl ®° Rl \1390 Pl W”h oof \1 ol ® g ® al‘rl Pj al‘n * ol s ol d
10+ Ao+ 40+ s AgF g s A » L E E
SPP2
o Irradiation Output
Old mOdeI e Actual —e—Forecast Old mOdeI —e—Actual —e—Forecast p
12000
1800
1600 10000 ‘F
™ 1400
; 8000
1200 —
Z .
S 1000 S 6000
2 £
E 800 a
= 600 4000
—_
o
g 40 2000
200 [
0 = o
0 m“'@ phn'@ v * e * it *° pﬁb“"[p l‘rﬁﬂl@ e
' n n n n n n
R l13 e Ki ﬁ" R \1" o ‘“’1 ol #° o ‘ﬁ an ‘“’Q o o e o o ' o e
o 20 A 2 st i 2® 2

v' The fluctuation of the actual data is much larger than that of

o forecasted data both irradiation and output
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3. The result of the improvement of the VRE forecast model

'CHUBU

Electric Power

v

WPP1

NIPPON KOEI]
v Wind speed  New model - Output
New mOdel —e—Actual —e—Forecast_new p —e-Actual —e-Forecast_new p
18 12000
16 :
10000 AR YR ) -'l'l I
14 2N ; ';:“ if v ik | )
- ' ‘:‘."|| : I || & 1
T _, 8000 ; Y f | ‘ ! o l; '
- : B e 1 D W 18
10 == T b 1R 1 ‘I
& 5 6000 ' i ‘i':‘“ i Ix' ! } i l‘l [
g 8 g |9 [Iﬂl’! ‘h 1|I’ .. l | 4 lhn
= 4 I dla) ol
£ 6 000 gt 4 | |
| " [’y
4 : ’
2000 T 1
2 I
0 0 o
® ! . 3 € 3 S ®° o n® n 30° 5000 o
1“1'-\'\% 0 1(31&‘-5\1&“ 1@\,@\166 .LQ{Q'%fL%“ lg‘t"\% \'§5° .191}\9 e 10‘[}\2'@ o j’&}p o 1’01\‘% n® 1’@}\9\@ © 1“1.\\9“\\ 101\'\%‘1 1“1\\3\7» 101\\9\ 101\\9\ 1“1\9\\\
WPP1 WPP1
Old mOdel ——Actual —=—Forecast W|nd SpEEd Old mOdeI ——Actual —s—Forecast OUtpUt
18 14000
16 12000
14 ‘ ;
0 10000 e 1 § 3 1 )
‘-é. 12 . !Il‘:‘l i .4". ;l.ll‘ " "Il 1:: :
S 10 i 8000 "I 1 & ! l " i"
2 5 I “E X il i i|
3 RIPEE 4
g, ol et 1 i
= 4000 | 1M B8 1 | ‘
4 t A
2000 g {
2
M |
0 0 .
of o o o o of o od o < & o o® {
-La”l’“'?"ﬁ 10}\\%9“ 1@.\‘%\16 101@“‘ 101“%@ o e P > e P n A 1011\91\\ 101*‘%\11“ 101x\%‘ﬂ 5 ° > e 101\\9(\““

v' The accuracy improvement can be seen in both wind speed and output
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3. The result of the improvement of the VRE forecast model ¥

New model W2 Wind speed

WPP2

New model

—s—Actual —=—Forecast_new

——Actual -e—Forecast_new
25 12000
10000 TOU i \ R
20 o ! e R |
t 7 e 1 . ! .
— | I ¢ I 2 U | A
-E_ 8000 e : ’ I ?'l |
— )
11 °¢/ 1

— 1 i v
- 15 § .E| N [ . : ‘ ‘
& S 6000 ‘l i | .'. b
aQ o | | x i II
» = ‘..I “ 8
2 © . I ||
é 4000 ' |I i & ! ‘f

5 2000 ' d

0 0

& s S . s g o0 o o0 o o o o o o o o® o o

‘\.\‘?’mﬁ \,l"‘"mn“ \,'fbnﬁe ﬂ,‘,’p.%“ ‘\\?’\@G e‘L'\\g\\ﬁ elwﬁe ol\w‘,ﬁ Q‘rf‘ﬁﬂ ’ 01“9\9“ \\g\x\“ ! i g @ g @ g g o » 1“1\\$\1 101\\‘5\& 1\\$\b
P Ao P 2 18 ~ g b g K P 2 2 S % 1

WPP2

WPP2 WPP2

Old model Old model

—s—Actual —=—Forecast —e—Actual -e—Forecast

Wind speed

25

14000
12000

20 ) b m 1
- 10000 ¢ A & b3 L { ¢
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< IR REEAWe D A L I U € 118
E s B B g Segt ot (8 e B [Pl
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NIPPON KOE]I

Output

v The accuracy improvement can be seen in both wind speed and output

64


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

'CHUBU

¥ Electric Power

3. The result of the improvement of the VRE forecast model wweron ioer

12000

10000

8000

6000

Output(Kw)

WPP3

4000

2000

0
2021/11/100:00 2021/11/110:00 2021/11/120:00 2021/11/130:00 2021/11/140:00 2021/11/150:00 2021/11/160:00 2021/11/170:00 2021/11/18 0:00

—e—\WPP3_VRE —@—WPP3_VRE_new —@&—WPP3_VRE_old

v' Forecast models both new and old tend to overestimation
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3. The result of the improvement of the VRE forecast model meron xoe

12000
S P P 3 10000
8000
6000
4000
2000

0
2021/11/100:00 2021/11/110:00 2021/11/120:00 2021/11/130:00 2021/11/140:00 2021/11/150:00 2021/11/160:00 2021/11/170:00 2021/11/18 0:00

40

spP4 >

Output(Kw)

—e—SPP3_VRE —®—SPP3_VRE_new —@—SPP3_VRE_old

2021/7/14 0:00 2021/7/150:00 2021/7/160:00 2021/7/170:00 2021/7/180:00 2021/7/190:00 2021/7/200:00 2021/7/210:00 2021/7/220:00

——SPP4_VRE —@—SPP4_VRE_new —@—SPP4_VRE_old
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SPP5 60
< 50

40
30
20
10

0
2021/11/100:00 2021/11/110:00 2021/11/12 0:00 2021/11/130:00 2021/11/140:00 2021/11/150:00 2021/11/16 0:00 2021/11/17 0:00 2021/11/18 0:00

Output(Kw

—e—SPP5_VRE —@—SPP5_VRE_new —@—SPP5_VRE_old

v' The fluctuation of actual data is larger than that of forecasted data
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3. The result of the improvement of the VRE forecast model

67

Accuracy of weather parameters forecast

N | Reovi— Rore
=1|*fest,i obs,i
Error (%) —/——=% o
— i=11Mobs,i

R,psi: Observed value,
Rfcst; - Forecasted value

N . Sample number of targeting
period

M before M after

X 100

T

WPP1 WPP2 WPP3

}

\

|
Weather parameters = Wind Speed
(m/s)

\

SPP1

'CHUBU

¥ Electric Power
NIPPON KOE1

future goals (20%)

‘----

SPP2

SPP3 SPP4

SPP5

|

Weather parameters = Global Horizontal

Irradiation(W/m?)
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3. The result of the improvement of the VRE forecast model  Jooonron

Accuracy of VRE forecast

W before M after

140
120 N
Bad e o i:llRfcst,i _ Robs,il % 100
ror (~0) = N
Score 100 ( ) i=1 Robs,i
) Rops,i: Observed value,
8\_‘ 80 Rfcst; - Forecasted value future goaIS
o (20%) |
O N : Sample number of targeting |
o period 1
60 |
as 1
- I
40 I
i
Good 20 ¥
score
0

WPP1  WPP2  WPP3  SPP1  SPP2  SPP3  SPP4  SPP5

68


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

69

6.4 Structure of the VRE forecast model of the whole land
of Sri Lanka from the VRE forecast model

Contents

1. Methodology of approaching the area VRE forecast
2. Approach to area VRE forecast

' CHUBU
Electric Power

NIPPON KOEI
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1.Methodology of approaching the area VRE forecast NIPPON KOET

(1) Preliminary analysis
1)Determination of the area represented by the forecast point
2)Calculation of conversion factor(the ratio of outputs between
point and area)

(2) Operational phase
1) Forecast weather at the forecast point
2) Forecast power output at the forecast point
3) Forecast areal power output representative by each forecast
point
- Multiply the power output at the forecast point by a conversion

factor.
- Summation of the number of power outputs by each VRE

70 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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2. Approach to Area VRE forecast

[Rooftop PV]

Facility 1

CEB DIST. DIVISIONS

DIVISION -01
NOTHERN
N1 Jaffna
N2 Kilinochehi
N3 Vavuniya
NORTH CENTRAL
NC1 Anuradhapura
NC2 Kekrawa
NC3 Minneriya
NORTH WESTERN
NW1 Chiaw
NW2 Kurunegaia
NW3 Kuliyapitiya
NW4 Wennapuwa
NWS5 Wariyapola
NW6 Puttalam
NW7 Narammala
COLOMBO CITY
GO Colombo North
Calombo Seuth
Colombo East
Colomba West
DIVISION -02
WESTERN NORTH
WN1 Negombo
WN2 Veyangoda
WN3 JaEla
WN4 Kalaniys
WNS Gampaha
WN6 Dhilapitlys
CENTRAL
C1 Matale
C2 Katugastota
C3 Kundasale
Cd Peradeniya
C5 Nuwara Eliya
C6 Gmigathhena
G7 Kandy City
C8 Dambulla
CO Nawalapiya
C10 Galagedarn
SA1 Kegate
SA2 Mawsnells

[SPP4] Rooftop PV 50KW

) W2
WS1 Sn Jpura

WS2 Awissawedla

W55 Homagama

WS6 Horana g
WS7 Bangaragama YV
SABARAGAMUWA |
SA3 Ruwanwola

[sPP5] Roof top PV 90.885kWp

Enellyagoda
5 Ratnapus

g
7 Embiipitya

71

A
Ut Diyatalawa N
U2 Baculls

U3 Monaragaia
DIVISION -04
WESTERN SOUTH 1
WS3 Dehiwaa

W84 Ratmalana

WSS Kolutara
SOUTHERN

81 Ambalangoda

2 Baddegama

53 Gale

S4 Welgama

85 Matara

S6 Tangale
$7_Hambaniota

N

s CEB DISTRIBUTION
K BOUNDARIES & CEB AREA

NORTHERN

Area l
25.2MW

TSI

J Area 2
143.0MW
{." ':‘\ ]

BOUNDARIES

LEGEND

ADMINISTRATIVE PROVINGIAL
// BOUNDARY

CEB AREA BOUNDARY

Approximated Rooftop
Solar PV capacity
@ CEB Administration

@ LECO Administration

(=

Area 3
63.0MW

Existing

'CHUBU

¥ Electric Power
NIPPON KOEI

Selected as an alternative
Roof top PV

[spP3] PV 10MW

Saga solar power

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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2. Approach to area VRE forecast NIPPON KOEI

[sPP)

O ‘100MW

130 MW Existing
Area 4 [SPP1] PV 10MW
250.0MW .
.........................-.-...........Q..o......................
O7MW Existing
0Mw  ® e— —{ [SPP2] PV 125MW

Area 5
647.0MW
W
\'M.

Area 6 m....w 31.2 MW
131.2MW = i O

— b @100 mw

T 1ess- 1907 .

| 1887 - 1988 Existing

[SPP3] PV 10MW
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2. Approach to area VRE forecast NIPPON KOET
[wPP]

Existing

Existing in April.2021

|
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2. ApproaCh to area VRE forecast NIPPON KOEI!
Forecast points Information on forecast point
a SPP (Utility) X 3 sites Forecast site Information on forecast Sfep;resentative
(Total rated value) site Total rated val
Area?(250MW | @ spp (Roof-top) x 2 sites (Total rated value)
O r.)): WPP1(12MW) Northern Wind Power Plant Area7(250MW)
WPP1 @ wre &S ches WPP2(103.5MW) | Mannar Wind Power Plant Area8(315MW)
. WPP3(10MW) '\P"lamp“” Wind Power Area9(214.6MW)
Lt Areas(250MW > a(‘jm —
O iy« ) SPP1(10MW) P?’arftxa solar Fower Aread(250MW)
SPP1(10MW)
SPP2(12.5MW) Solar One Ceylon Power Area5(647MW)
Area6(131MW
Aread(647M¥ SPP3(10MW) Saga Solar Power ( )
WPP3
(- Jay SN O iy Area3(63MW)
25.2MW SPP2 SPP4(50KW) Kuliyapitiya Area Areal(25.2MW)
o)) =) > SPP5(90.9KW) CEB Head office Area2(143MW)

0 Facility 3

Conversion factor

Forecast area Conversion Forecast area Conversion
(VRE type) factor (VRE type) factor

Nbps 143.0MW
hors Areal (Roof top Area6(Utility PV) 13.1
Areab(131MW PV)
Area2(Roof top PV) 1’573 Area7(Wind) 20.8
/ SRR Area3(Roof top PV) 6.3 Area8(Wind) 3.04
Area4(Utility PV) 25 Area9(Wind) 21.46

Area5(Utility PV) 51.76
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6.4.1 Development of VRE conversion tool

Contents

1. Overview of the VRE Conversion Tool
2. Example of the VRE Conversion Tool sheet
3. Evaluation of the accuracy of the VRE conversion tool

'CHUBU

¥ Electric Power
NIPPON KOEI
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1. Overview of the VRE Conversion Tool

'CHUBU

¥ Electric Power
NIPPON KOEI

Difference between VRE forecast system and the tool

€ VRE forecast system in this project

Global weather model

Weather

Historical forecast .
observational data

Model output

N
[ [ \ 4
L . Collection
Statistical collection < parameter
v
Forecastfor VRE |
[ Wind speed ]

[solar radiation]

%

Convert

Facility
information

Forecast for VRE output

[wind power generation]
[PV power generation]

76

€ Conversion tool

Historical forecast
or Actual parameter for VRE

[ Wind speed ]
[solar radiation]

Convert Facility

information

Estimate for VRE output

[wind power generation]
[PV power generation]
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1. Overview of the VRE Conversion Tool

MS Excel is made up of 3 types of below sheets.! 3 m:::::ﬁ::fDﬂ;;
. Weather input data for SPP £ :
3E stimated VRE output date
. Facility information for SPP
1. Enter the same time series of
the conversion source each weather data. . I
1 facility information o1 | o2 |
2 latituce ) B.769302
2. Enter the facility information of : e == om0
the entered pOInt g tyg:nuefl iﬁ'q';;ﬂi?gﬂ 2 mund—muunted10
7 types of PY module — | Monocrystalline
3 Total amount of panel capacity kW 10,000

Convert to
VRE output

No 2
estimated YRE output

No 1
Date estimated VRE output (kW)
2021 -11-05T06:1 5

3. Enter the number of points to be converted.

mated VRE output (kW)
M55

ZMPress the button “Convert to VRE output”.
SWM\/RE output time series data is output. b it

10 |2021-11-05T07:45
11 |2021-11-00T03.00
12 |2021-11-05T03:15
13 |2021-11-05T708:30
14 |2021-11-05T08:45
15 |2021-11-05T02:00
16 2021 -11-06T08:15
17 |2021-11-05T02:30
18 |2021-11-05T03:45
19 2021 -11-05T10:00
20 |2021-11-05T1015
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2. Example of the VRE Conversion Tool sheet (1/3) NIPPON KOE1
Weather input data for WPP  (e.g. Input sheet)
i) B » D E

humber of point 2 Weather Data Type 1 JWA Forecasted Data
1
i Time o Mo 2 [ laRE: Mo
= Ciate Wi ereed (s | Wi sreed (s Wind speed [mfs) Wind speed (mfs)
4 202209010615 46 7
B 202209010630 45 71
4] 20220901 0645 46 17
7 202209010700 43 77
g 202209010715 49 7.3
9 202209010730 8 74
10 202209010745 51 1.3
11 20220901 0500 51 7.2 |
12 2022090102315 b3 77
13 202209010830 h3 71
14 20220901 0245 h 4 71
15 20220901 0900 55 7
16 202209010915 Hh 71
17 202209010930 Shs 71
18 202209010945 Shs 17
19 202209011000 s 7.2
20 20220901105 Hh 77
21 202209011030 Shs) 7.7
27 202209011045 i L2
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2. ExamEIe of the VRE Conversion Tool sheet S1/32 NIPPON KOEI

Weather input data for SPP  (e.g. Input sheet)

numker of point 5 Weather Data Tvpe . JWA Forecasted Data
Time Mo Mo.2 Mo.3
Date Glokal solar radiation (W/m?2) Global solar radiation (W/m?2) Glokal solar radiation W/ m2)
202209010615 !
202209010630 27
202209010645 47
202209010700 74
202209010715 108
202209010730 143
202209010745 169
20220901 0200 202
202209010815 233
202209010330 263
202209010845 309
202209010900 339
202209010915 =366
202209010930 =97
202209010945 443
202209011000 466 |
202209011015 457
202209011030 hO6
202209011045 575

79


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

"CHUBU

Electric Power

2. Exam ple of VRE Conversion Tool sheet (2/3) NIPPON KOEI
Facility information for WPP

Old Version New Version

faality information No.1 No.2 No.3 facility information No.1 No? | No3

number of wind turkbines 2 20 = numker of wind turbines 8 30 2

wind turbine rated capacity per unit kY 1500 3480 1250 wind turbine rated capacity per unit ki 1500 3450 1250

wind turbine hub height m 85 20 50 wind turbine hub height m g5 80 G0

Wind speed Classs (m/s) 0730 W Wind speed Classs (m/s) 0730 LM

0 0 0 0 o 0 { 0

05 0 0 0 05 0 { 0

1 iJ iJ 8] 1 0 (] ]

15 )] 0 0 15 0.0143 (] 0

2 0 0 0 Z 3.33499| 003581 0

25 250 0 0 250 10,4007 03109 0

] E2 4 245 0 3 28.0690| 7950574 0

25 o5 8 11223 0 EHD) b6.2602| 45.0724 0

il 1257 211 2 11 4 872801 116473 11

45 1751 229 95 45 120,373 206.491 35

5 240 472 6 54 5 170.913] 319704 64

5 E AT 55 22566] 443979 90

P e 6 299.705] 600.18d] 128

5E e e 65 373.427] 775.15]| 184

7 i o 7 461571 | 981.65| 239

= T el 75 559.789] 1217.99] 321

5 s 3 667.268] 1452.99| 403

80 786.942| 1780.19 b

= R 9 916 402| 20543]| 679

e e BT 95 101899] 233964 625

10 1147.3 2654 970

41n0,_ ] 4:8,‘2? Sé}? ﬁ-ﬁ . 339 1NH/ T =i I I (8]

v' Power curves are adjusted based on the analyses between actual data
and forecast data of wind speed and VRE output
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2. Example of VRE Conversion Tool sh 2
Facility information for SPP
Old Version
facility information No.1 No.? No.3 No.4 No.b
latitude deg 8769302 7970383333 522 7459650377 5930312773
longitude deg 80359545 8123839722 =1.085 8006004525 7984709214
panel azimuth angle deg = = 180 210 210
panel tilt angle deg = = 10 818 &
type of installation = ground—mounted ground—mounted | ground—mounted Foof-mounted Foof-mounted
types of PV module = bono PERC Monocrystalline WMonocrystalline Monocrystalline Folycrystalline
Total amount of panel capacity kW 10,000 12500 10000 179 90,885
New Version -

o facility informaton | Nol |  Ne2 | | No3 | | No4 |  Nob
| latitude deg 8769307 7975383333 522 7469655377 5930312773
i longitude deg =0 359545 8123839722 =1.085 20 05004525 7984700214
l panel azimuth angle deg = = 180 230 210
! panel tilt angle deg - - 10 3% 8
ltype of installation = ground—mounted ground—mounted | ground—mounted Foof-mounted Foof-mounted
!types of PV module = bono PERC Monocrystalline Monocrystalline Monocrystalline Folycorystalline
\Total amount of panel capacity kW 10,000 12500 10000 179 90.885
| # Correction parameter 1 1 072304022 | 0861968895 0.832200678]

v' Correction parameters are set based on the analyses between actual
data and forecast data of VRE output

81
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202203010615
202203010630
202203010645
202203010700
202209010715
202209010730
202209010745
202203010800
202203010815
202203010830
202203010845
202203010900
202203010915
202209010930
202209010945
202209011000
202209011015
202209011030
202209011045

Estimated VRE output data

2. Example of the VRE Conversion Tool sheet (3/3

(e.g. Beta WP, Mannar WP)

Corvert to
YRE output
No.1 No.?2
estimated VRE output (kW) estimated VRE output (kW)
2686 .6 sy
pasysshs sy
2686 .6 738007
30107 738007
32022 F6360.1
33936 789145
36851 F6360.1
36851 738007
39995 738007
39995 sy
42129 sy
44267 sy
44267 sy
4654 8 aas)
4654 8 F38007
4654 8 F38007
4406 7 F3800
4406 7 F3800
4426 2 128057

No.3

"CHUBU

Electric Power

NIPPON KOEI

estimated VRE output (kW)
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2. Example of the VRE Conversion Tool sheet (3/3) o

Estimated VRE output data  (e.g. Saga SP)

Conwvert to
YWEE output
No.1 No.? No.3

estimated VRE output (kW) estimated VRE output (kW) estimated VRE output (kW)
202209010615 0.0 0.0 2497
202209010030 0.0 0.0 4767
202209010040 0.0 0.0 8399
20220901 0700 00 0.0 12268
2022090100150 00 0.0 16230
202209010730 00 0.0 19181
20220900740 00 0.0 22926
202209010300 00 0.0 26445
2022090103815 00 0.0 293849
202209010830 00 0.0 36070
202209010845 0.0 0.0 38475
202209010900 0.0 0.0 41539
202209010915 0.0 0.0 4449 0
202209010930 0.0 0.0 boz7 9
202209010945 00 0.0 hz889
202209011000 00 0.0 ozl .z
202209011010 00 0.0 b4z 9
202209011030 00 0.0 6oz6.0
202209011040 00 0.0 G006
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3. Evaluation of the accuracy of the VRE conversion tool pron Ko

» Evaluation Period : Sep.1to Sep.9 in 2022

» Evaluation Points: WPP1(Beta WP), WPP2(Mannar

WP), and SPP3(Saga SP)
» Input data : Forecast data created by the weather

forecast system during the evaluation period
» Output data : VRE output data calculated by the

VRE conversion tool and VRE forecast system
» Referring data: VRE output data measured in the
evaluation points provided by CEB
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3. Evaluation of the accuracy of the VRE conversion tool NIPPON KOEI
AR —
Conversion tool WPP1(BETA WP)
15000
2 10000
<
2
3 5000 \f
0
8/31/220:00  9/1/220:00  9/2/220:00  9/3/220:00  9/4/220:00  9/5/220:00  9/6/220:00  9/7/220:00  9/8/220:00  9/9/220:00  9/10/22 0:00
. —@— Actual CON(new) —@— CON(old)
Conversion tool WPP2(Mannar WP)
120000
100000 — - - . S —
g oo ik A ’5 ! W
5 60000
o
g 40000
20000
0
8/31/220:00  9/1/220:00  9/2/220:00  9/3/220:00  9/4/220:00  9/5/220:00  9/6/220:00  9/7/220:00  9/8/220:00  9/9/220:00  9/10/22 0:00
—@— Actual CON(new) —@— CON(old)
Conversion tool SPP3(SAGA SP)
12000
10000
T 8000
~
T 6000
=
2 4000
>
© 2000
0
8/31/220:00  9/1/220:00  9/2/220:00  9/3/220:00  9/4/220:00  9/5/220:00  9/6/220:00  9/7/220:00  9/8/220:00  9/9/220:00  9/10/22 0:00
85 —@— Actual CON(new) —@—CON(old)
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3. Evaluation of the accuracy of the VRE conversion tool

Forecast System

WPP1(BETA WP)

14000
12000
10000

8000

6000 4 k

A
“l‘ ‘(‘
g %

Output(Kw)

4000
2000

0
8/31/22 0:00

9/1/22 0:00 9/8/22 0:00

9/2/22 0:00 9/3/22 0:00 9/4/22 0:00 9/5/22 0:00 9/6/22 0:00 9/7/22 0:00

—@—Actual —@—FCT(New) —@—FCT(old)

Conversion tool WPP1(BETA WP)

14000
12000

10000

Output(Kw)
D [os]
o o
o o
o o

4000

2000

0
8/31/22 0:00

®
9/8/22 0:00

9/1/22 0:00 9/2/22 0:00 9/3/22 0:00 9/4/22 0:00 9/5/22 0:00 9/6/22 0:00 9/7/22 0:00

—@— Actual CON(new) —@—CON(old)

86

.af

9/9/22 0:00

9/9/22 0:00

"CHUBU

Electric Power

NIPPON KOE]I

9/10/22 0:00

9/10/22 0:00
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3. Evaluation of the accuracy of the VRE conversion tool NIPPON KOE

Forecast System WPP2(Mannar WP)
120000

100000
80000

60000

Output(Kw)

40000

20000

0
8/31/22 0:00 9/1/22 0:00 9/2/22 0:00 9/3/22 0:00 9/4/22 0:00 9/5/22 0:00 9/6/22 0:00 9/7/22 0:00 9/8/22 0:00 9/9/22 0:00 9/10/22 0:00

—@— Actual —@— FCT(New) —@—FCT(old)

Conversion tool WPP2(Mannar WP)

120000

100000

80000

60000

Output(Kw)

40000

20000

0
8/31/22 0:00 9/1/22 0:00 9/2/22 0:00 9/3/22 0:00 9/4/22 0:00 9/5/22 0:00 9/6/22 0:00 9/7/22 0:00 9/8/22 0:00 9/9/22 0:00 9/10/22 0:00

—@— Actual CON(new) —@— CON(old)
87
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Output(Kw)

12000

10000

Output(Kw)
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3. Evaluation of the accuracy of the VRE conversion tool

12000

10000

8000

6000

4000

2000

0

Forecast System

8/31/22 0:00

Conversion tool

8000

6000

4000

2000

9/1/22 0:00

9/2/22 0:00

0
8/31/22 0:00

9/1/22 0:00

9/2/22 0:00

9/3/22 0:00

9/3/22 0:00

SPP3(SAGA SP)

9/4/22 0:00

—@— Actual

9/5/22 0:00

—@— FCT(New)

SPP3(SAGA SP)

9/4/22 0:00

—@— Actual

9/5/22 0:00

@ CON(new)

9/6/22 0:00

——FCT(old)

9/6/22 0:00

—e— CON(old)

9/7/22 0:00

9/7/22 0:00

Electric Power

"CHUBU

NIPPON KOE]I

9/8/22 0:00

9/9/22 0:00

9/10/22 0:00

9/8/22 0:00

9/9/22 0:00

9/10/22 0:00
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6.4.2 Validity evaluation of the VRE forecast model

Contents

1. Sri Lanka entire VRE(SPP) output forecast verification
2. How to estimate whole Sri Lanka VRE

3. (FYI)How to make demand in CEPCO

4. (FYI) Supply demand actual value in CEPCO

' CHUBU
Electric Power

NIPPON KOEI
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1. Sri Lanka entire VRE(SPP) output forecast verification Tpron o

| Forecast ______________|Actual data

Weather forecast model based on

facility info(longitude, latitude)
Weather forecast

NIPPON KOEI

Metering value by
pyranometer, anemometer

Verify forecast value
by comparing with actual value

conversion tool based on\weather

forecast
VRE output
Forecast

CEB

Individual SPP

VRE output
Forecast

JWA/DOM/Others

Conversion
tool

Conversion factor
X

SPP and WPP VRE output forecast
based on weather forecast

Whole Sri Lanka
VRE output

Z
;: —J

Metering vaiue by =

SM(smart meter) -

Assuming that all rooftop
PV are not necessarily
equipped with SM,

need to somehow estimate

value.
\

How does CEB estimate this value?

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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2. How to estimate whole Sri Lanka VRE b

NIPPON KOEI

weather forecast | weather actual | Output forecast | Output actual

IRBGS Weather forecast Pyranometer at
132-400kV  Eylefel=l the spot

Embedded DOM meter

Under 33kV

Japan case(before all of SMs are equipped )
VRE actual value estimate = over 2MW VRE(monitored from CLDC)

L - . +Surplus power contract estimate(deducted by self consumption)
B5E (RASKE\AF) .
@ e 7450 = +Total power purchase contract estimate
| ::fij’: o How to verify VRE output actual data in CEPCO
X A: CAACaant B Even without SM, monthly metering for billing is available to verify

the forecast data.

Metering points by CEPCO : A
Metering points by DOM  : %

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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3. (FYI)How to make demand in CEPCO Y e

NIPPON KOEI

m \Whole demand = ) generation =

Y. Thermal + ), Hydro + ), mini Hydro + ), nuclear + ), Biomass + ), WPP + ), SPP +

Y others

m CEPCO has 4 types of demand;

@ 1 minute instant value : to show on power system board

® 5 minute instant value : to post on HP for external,

@ Preliminary value(30 min value) : fixed every 30 min

@ Confirmed value(30 min value) : fixed one day after target day

| Today’s supply-demand situation

TUTRE-#aS (Fkw)

3,000‘

Actual demand
(instant value)

I

!

1,500

.wopACtual deman Forecast demand
hvalue)
500
. \/ actual value
01 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23

1
Fzl (a)

BERRRTHIETES >

I

|B111

BEC-78HRH
EHEC—sBtEH
FERAEN
KEARTERR

4 H R4 (HI¥E)

4 E 4 (155R048)
AEERE B R
[IISES

PR

Past Actual supply-demand data(5min value)

2022/5/3
12000 demand
10000 Wm
8000
6000 87%
4000 py \l of demand

2000

HHHHHHHHHHHHHHHH

==Y HEIE(5 N ERE)(MW) == K[5EREEE 5 9 HRE)(MW)

92

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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4.(FYI) Supply demand actual value in CEPCO

v
NIPPON KOE]
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Electric Power

Lowest demand in 2022

5/3(Tue) 5/3(Tue)
Middle of long holiday - 2500
—-— i
20000 | 50000 Biomass 20000 L 50000 Total ORE Curtailments
= PSPP
]
Biomass
15000 - 15000 M= Total Thermal 15000 ~ 15000
B Total Thermal
s Total Hydro
) . s Total Hydro
10000 - 10000 interconnection 10000 10000 interconnection
[ Wind
0 Wind
Solar
5000 ~ 5000 5000 / 5000 Solar
e Demand
= Demand
0 -0 0 g/ 0
12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 12 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24
7/1(Fri) : g y 7/1(Fri)
25000 - 25000 25000 r 25000
20000 | 20000 Biomass 20000 L 0000 mmm Total ORE Curtailments
. PSPP
]
Biomass
15000 - 15000 ™= Total Thermal 15000 ~ 15000
mm Total Thermal
I Total Hydro
. . s Total Hydro
10000 - 10000 interconnection 10000 - 10000 interconnection
[ Wind
. Wind
Solar
5000 ~ 5000 5000 ~ 5000 Solar
e Demand
e Demand
0 -0 0 = -0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 12 3 45 6 7 8 9 101112 13 14 1516 17 18 19 20 21 22 23 24

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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6.5 Process of future VRE forecast NIPPON KOEI

Contents

1. The tendency of forecast accuracy by condition
2. The result of the improved VRE forecast model
3. Alternative observation data for SPP and WPP
4. How to improve the VRE forecast model

5. Future plan of the project
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1. The tendency of forecast accuracy by condition NIPPON KOEI
Data acquisition condition VRE Forecast Accuracy(image)
Condition | Weather Weather | Output Facility 100
data data data of | informat 920
(CEB,IPP) (DOM) | VRE ion
80
P
c2 X O O O & 50 T~
3 40
C3 X X @) @) 3
< 30
C4 X O X @) 20
C5 X X X @) 10
0
O : Available,x : Not available Cl C2 €3 C4 C5
DOM : Department of Meteorology, Sri Lanka Condition

The Accuracy of the VRE forecast model depends on the condition of
data acquisition

95

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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2.The result of the improved VRE forecast model
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NIPPON KOEI]I
Accuracy of VRE forecast
B before M after
140
120 N
i=1|Rfcst,i T Robs,i
Bad Error (%) = N p o X 100
score 100 i=1Dobs,i
<) R,ps:: Observed value,
8\_‘ 80 Rfcst;  Forecasted value
o , future goals!
O N : Sample number of targetin |
o period O%) 1
60 |
oo I
L |
|
40
Good :
score 20 \
0
WPP1 WPP2 WPP3 SPP1 SPP2 SPP3 SPP4 SPP5
Cl Cl C3 Cl Cl C3 C3 C3

96
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3. Alternative observation data for SPP and WPP

Forecast points

Observation points conducted by DOM

o SPP (Utility)

X 3 sites

I

T e,
Lig™ N \\
o SPP (Roof-top) X 2 sites i 33@%‘_\;\\3 5.
@ Facility 3 = S FauA '\:E?r
WPP x 3 sites — N
WPP1 % aty \
S J L \
Sy MRS &
© raciity 2 $1r L [y .:.‘:%_\L\
WPP2 § — wwunva o
PN A Yy
O Facility 4 o fk 5 TRINCOMALEE
SPP1 e b L
! ﬁ N ANURADHAPURA / \
Mo { 3
V7o et
! "m";;i'\r - ‘I.IAHAI_L,.UPPALLM.IA by, |‘E§‘}:
% II R Lls kY Il‘-"
A 4 o ! S Polonpartwa
2 Area 1 O Facility 5 \'15 E‘ ?‘l\’ ]-«'I ‘ o BATTICALOA
25.2MW SPP2 | # Vow \ *3\
— | KURUNEGA LAMath ale {D i i‘
! ¥ )
AUS /3\ II'. GIMTH’EMT ™ { | Bigpara
0 FactityS \ “’l \ “ A
SPP4 {*MTUNﬂYY/A ™. :.)
nﬁEr LA ™
Area 2 I'ml_phw ‘ \ HU Fﬁnéﬂ gdqjj- j,c.nu“_
143.0MW )@“ um gumﬁg{ggnmwm A

oda J *'If
Smkﬂdurn (B;f‘“a ’j _f(

Monnrzgalq_

\, A Kudawa J Ssmnagala‘ J
ey A
I\
. 3 ¢ J\gunilw peles@ ﬁ;}lh
- 4”““‘"—‘—’@'__, = g
Saga Solar POWER “— ,t_’, _‘;,.«/
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4. How to improve the VRE forecast model

'CHUBU

¥ Electric Power
NIPPON KOEI

Forecast Improvement Plan
Point

In common

WPP1
WPP2
WPP3

SPP1
SPP2
SPP3
SPP4
SPP5

- Check data recording specifications (instantaneous/average

values)
- Collect the historical data(CEB, DOM, etc.)

Analyze the data hourly/ seasonally

Ditto

- Adjust the Power Curve by historical data of wind speed
- Analyze the data hourly/ seasonally

Analyze the data hourly/ seasonally
Ditto
Ditto
Ditto
Ditto
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5. Future Plan of the Project NipPON 10ET

Within the project(Phase Il)
- Collecting historical weather and VRE output data necessary to
improve VRE forecast [1 month]
- Improve the accuracy of the VRE forecast model [3 months]
- Continue to deliver the improved VRE forecast [2 months]

Collecting historical data
1 month(Sep.2022)
Improvement of VRE forecast

3 months
(Sep.2022 to Dec. 2022)

Delivering improved forecast
2 months

(Jan.2023 to Feb.2023)
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5. Future Plan of the Project NIPPON KOE!

At the end of the project
- Proposal on how to obtain weather forecast data for VRE

forecast
- Parchasing the weather forecast data (e.g. Irradiation, wind

speed) from Weather bender including JWA
- Follow-up on output forecasts using the conversion tool

VRE output
Forecast

CEB

Conversion
tool

Weather
Forecast

JWA/DOM/Others
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Government of Sri Lanka
Ministry of Power and Energy

CEB Generation
Licence GL

\ 4

@ CEB Transmission
Licence TL

GOSL Policy
Directions

Licensing

!

Public Utilities Commission

of
Sri Lanka \

Licensing

3 &

CEB Disribution /

Licence DL 1

CEB Disribution
Licence DL 2

CEB Disribution
Licence DL 3

CEB Disribution
Licence DL 4

Lanka Electricity Company PVT Ltd.

DL5

Consumers

Organization of
the Power Sector
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ELECTRICITY DATA FOR 2018

Installed capacity
Peak Demand

Net Electricity Generated
Generation Mix

Capacity Mix

Tr. And Dist. losses
Load Factor
Access to Electricity

Elec. Consumption per Capita

- 4048 MW
- 2616 MW

- 15305 GWh

Hydro and Other RE 46%
Thermal 54 %

Hydro & Other RE 49%
Thermal 51%
7.9 %
66.8%
- 99%
- 626 kWh

Avg. Cost per unit (at selling point 2018) -19.12 Rs/kWh

Avg. selling price (2018)

- 16.29 Rs/kWh
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EXISTING GENERATION SYSTEM 5 BOARD e Lie troush Pover
Power Plant Capacity Tota! Other Renewable Energy No of Capacity
(MW) Cz(apau;cy Technology Projects (MW)
MW

Mini Hydro Power 210 394
Large Hydro Biomass 12 37
Lo Gl 2leelis Solar Power- Parks 8 51
Mahaweli Complex 816.8 268 W) Barar 15 128
Samanala Complex 212.25

Solar Roof Top (Approx.) 170
Thermal (CEB)

Total 780
Lakvijaya Coal Power Plant 900
Sapugaskanda 160 Total Installed Capacity 4216 MW
Kelanitissa Thermal 360 =
Complex Updated as per the installed capacity on 31
Uth J i 24

art fanan December 2018

Barge Mounted Power Plant 60
Thermal (IPP)
West Coast Combined Cycle 270
Sojitz Combined Cycle 163 533
ACE Power Embilipitiya 100




Installed Capacity and Generation as at 315t Dec 2019

Capacity Share Energy Share

Mini-
hydro
6%
Wind
Mini- _ 2%
hydro Solar PV
9% 1%
Biomass S;)Iar PV Wind Blomass
1% 6% 3% 1%
Installed Capacity (MW) Generation (GWh)
Major Hydro 1399 3785
Mini-hydro 406 1001
Wind 128 340
Solar PV 251 242
Biomass 40 117
Coal 900 5360
oil 1282 5014
4406

15859
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CAPACITY MIX OF THE BASE CASE PLAN FOR NEXT 20 YEARS

14000
B Major Hydro m Coal
mm Combined Cycle-NG mm Combined Cycle-Oil

12000 m Oil mm New Gas Turbine - NG ||
== Wind == Mini hydro .

10000 |—  -sofar B Biomass — | ]

E Pumped Hydro —=—Peak Demand

2 8000

Fy

'Q

©

Qo

8 6000

4000

2000

0
o —l (@) o < LN (Vo) M~ 0 (@) (@) i o o™ < LN (o] I~ 00 (o))
o o o (o] (o] (o) (o] (o] (o) N o™ (98] o o o™ (98] (90 (90} o o
O O O O O O 0O O O O O O 0O 0O O o o o o o
N (V] (@] (@] (@] (V] (@] (@] (V] (@] (@] (@] (V] (@] (@] (@] (V] (@] (@] (V]
Year
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Major Renewable Projects in the Pipeline ; Ee e

Project Present Status Year of Operation
120MW Uma Oya Under Construction 2021
35MW Broadlands Under Construction 2020
31MW Moragolla Under Construction 2023
15MW Thalpitigala Feasibility Study Completed 2024
20MW Seethawaka Prefeasibility Completed 2023
100 MW Mannar Wind Park Under Construction 2020
37X1 MW Solar Parks Under Construction 2021
90x1MW Solar Parks Awarded/under Construction 2021
150 MW Dist. Solar Bidding stage 2022
100 MW Solar Parks Prefeasibility is being done 2020

100 MW Mannar Wind Ph 2 Procurement process yet to start 2023
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Solar Power Development in the Pipeline

BOARD Enrich Life through Power

LTGEP 2020 -2039 has identified cumulative capacity of 730
MW Solar power by 2025 which includes
* Rooftop Solar Power program

* 37x 1 MW Solar Parks

* 90 x 1 MW Solar Parks

e 2x10 MW Solar Parks

e 150 MW Dist. Solar Parks
e Utility Scale Solar Parks

* Pooneryn & Siymbalanduwa
Land Based Locations Identified

* Floating Type / Highway Solar
..etc Concepts also envisioned
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Wind Power Development in the Pipeline

* LTGEP 2020 -2039 has identified
cumulative capacity of 638 MW
wind power by 2025 which
includes \

e Mannar WPP Phase |

e Mannar WPP Phase Il and
Phase Il

* 240 MW WPP at Pooneryn




2018 Sri Lankan Transmission System

The Map of Sri Lanka Transmission System in Year 2018
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o Total Capacity

Grid Substations

132/33 kV 56 4474
220/132/33 kV 4 1600/380
220/33 kV 1 75
132/11 kV 5 369
220/132kV 4 1510
220 kV, Double circuit 582
220 kV, Single Circuit 20

132 kV, Four Circuit 4

132 kV, Double Circuit 1867
132 kV, Single Circuit 415
132 kV UG cable 51.5

Reactive Power Sources Capacity

Capacitors (BSC) 485 Mvar
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2018  =—— 2023

The Map of Sri Lanka Transmission System in Year 2018

The Map of 5ri Lanka Transmission System in Year 2023
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Transmission Network Improvement
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2027 m—— 2037

The Map of Sri Lanka Transmission System in Year 2027
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The Map of Sri Lanka Transmission System in Year 2037
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Future Options-conventional Generation
HVDC Link Between Sri Lanka and India

» Technical and Economical feasibility studies are carried out between CEB and
Power Grid India to interconnect two Networks by DC link.

* Project to be expedite as soon as the completion of the Feasibility Studies.
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ORE CAPACITY ADDITIONS

0 @ Mini-Hydro ~ ®Biomass B Wind Solar

4500

Future ORE
» Capacity Projection
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Technical issues and measures
for supply and demand
operation of Sri Lankan power
system with increasing VRE.






Demand Curve on Typical Week Day -July 2019
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Demand Curve on 18th October 2020-Weekend

2400.00

2200.00 . .
* (Coal 3 units are at minimum

2000.00 Load except for night peak

1800.00

1600.00

1400.00 Almost all Hydro plants

during off peak are R/R and
ponds to avoid the spilling
e Cyclic operation of Coal
Plants is not possible
* No provision for further
NCRE specially during off
peak under present demand
condition.
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Demand Curve on 15th October 2020-Weekday-WET
Condition
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New Year 2019
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Solar Power Output Variation with Daily Total
Generation Requirement
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Variation of Solar Power at 11.00 hrs daily

Hambanthota 30 MW Solar Profile Vavuniya 10 MW Solar Profile from
from Jan-2020 to Sep-2020 Jan 2019 to July 2020
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10 MW Vavuniya-Solar Variation during a Day Welikanda 10 MW Solar Variation
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Wind Power Profile for last 4 days (Low wind period)
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Wind Profile in high wind season
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Constraints in present power system operations
with high VRE Penetration

* Maintain the balance between supply and demand with high VRE
penetration specially in during low demand hours (during rainy day
with high wind profiles, etc.).

 Cyclic operations of Coal plants are not possible.

* Even some of combined cycle plants also reluctant to do the cyclic
operations due to frequent maintenance and high start up costs.

* Supply demand imbalance with Intermittent nature of the Solar and
Wind with high VRE penetration.

* Non availability of real time monitoring facility of VRE



Possible measures to minimize the operational
issues with high VRE Penetration

* New VRE projects shall be developed with provision for proper curtailment
policy.
* Precise VRE forecasting system shall be implemented.

e Real time monitoring of VRE shall be facilitated at National System Control
Centre. Further, remote controlling facility for switching ON/OFF of the
grouped VRE installations when there are small scale VRE installations.

* |nstallation of Pump storage plants to cater the more VRE.

* Having a proper Reserve margin for catering the intermittency and costing
the same.

* Declaration of Plant availability may be hourly (depending on the installed
capacity)



Other Technical Issues

* Replacing conventional generators with VRE leads to lower the system
inertia and significant affect the system frequency stability

* Replacing conventional generators with VRE leads to lower the
capability of primary frequency regulation.

* Tripping of VRE s (specially Mini Hydro Plants) for system disturbances
leading to intensify the frequency instability of the system.



Possible measures minimize the other
technical issues with high VRE Penetration

* Emerging technologies for improving the system inertia shall be
incorporated for future plans.

e Batteries can be used as fast acting reserves for primary frequency
regulation with proper evaluation on cost vs requirement.

* VRE plants should be able to operate continuously during the system
disturbances such as sudden frequency / voltage fluctuation. CEB VRE
interconnection code must be satisfied.

 Maximum limit of VRE penetration shall be evaluated by considering
the operational and other stability constraints in the system.
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Long Term Generation
Expansion Plan

2023-2042

Generation Planning Unit
Transmission & Generation Planning Branch
Ceylon Electricity Board



Background

2021 July

CEYLON ELECTRICITY BOARD

2021 July-September

Key Highlights of Sri Lanka’s Nationally Determined Contributions
and
Vision for a Low Carbon Future

Sri Lanka is highly vulnerable to the adverse impacts of climate change. The country focuses
on building the resilience of Agriculture, Fisheries, Livestock, Health, Water, Biodiversity,
Coastal and Marine, Tourism, Urban Planning and Human Settlement sectors

Sri Lanka’s per capita greenhouse gas emission in 2010 was 1.02 tons and its global
cumulative contribution in 2019 was 0.03%.

Despite this low carbon footprint and highly vulnerable status, Sri Lanka commits to
increase 32% forest cover by 2030 and reduce greenhouse gas emissions by 14.5% for the
period of 2021-2030 from Power (electricity generation), Transport, Industry, Waste,
Forestry, and Agriculture

In order to realize this ambitious target, Sri Lanka further commits;
» To achieve 70% renewable energy in electricity generation by 2030
» To achieve Carbon Neutrality by 2050 in electricity generation
» No capacity addition of Coal power plants

Sri Lanka has already launched following major initiatives;
» Adopting ‘Colombo Declaration on Sustainable Nitrogen Management” with an
ambition to halve nitrogen waste by 2030
» Banning agro-chemicals and chemical fertilizer
» Promoting organic fertilizer and farming
» Banning single-use plastics
» Promoting E-mobility
» Promoting circular economy

Sri Lanka expects to achieve its Carbon Neutrality by 2050

2021 October

& gom ndy coeniBom em®es aend =
@evmienasll GUTEIL LWSILT(HSET Sy amemeE 1P ‘.{}
PUBLIC UTILITIES COMMISSION OF SRI LANKA -

Sed o
2_ing B
Your No.

ed gone o)
ooy } PUC/LIC/AP21/01 ,;,,;} 5™ October 2021
Our Mo Date

To achieve 70% renewable energy in electricity generation by 2030
To achieve Carbon Neutrality by 2050 in electricity generation

s No capacity addition of Coal power plants

The Commission requires you to submit the Least Cost Long Term Generation Expansion Plan prepared in
compliance with the government policy on or before 30" June 2022.

Thank you,
Yours Sincerely,

Public Ytifities Commission of Sri Lanka




Global International Commitments

CLIMATE CRISIS
Net zero p

More than 137 countries have committed to net zero. India and Nigeria were the latest nations
to make the pledge at COP26, with India expecting to reach the target by 2070.

Target date

Achieved
2030

B 2035

M z040

M 2045

I 2050
2053

B 2060

B z070
No target

edges

CLIMATE

ge to quit cc

=l

At COP26, more than 40 countries have pledged to shift away from coal

B Afghanistan
® Algeria
® Andorra
M Angola
¥ Antigua & Barbuda
&2 Argentina
™ Armenia
& Australia
= Austria
¥ Bahamas
#® Bahrain
™ Bangladesh
™ Barbados
# Belarus
M Belize
& Benin
& Bhutan
= Bolivia
®l Bosnia & Herzegovina
= Brazil
= Bulgaria
= Burkina Faso
&3 Burundi
B Cambodia
= Cameroon
= Cape Verde
= CAR
i Chad
# China
= Colombia
&= Comoros
¥ DRC
¥4 Congo

# Cook Islands = Iraq ™ Mozambique
= Costa Rica &4 Myanmar
= Namibia
B2 Nauru
& Cuba &3 Jamaica
« Japan
»= Czech Republic £ Jordan
[2= Denmark]| [ ¥ Kazakhstan | = Nicaragua
2 Djiboutl = Kenya & Niger
= Dominica B2 Kiribati 11 Nigeria
=2 Dominican Republic o North Korea ®i Niue
¥ Norway
= Kuwait = Oman
= El Salvador M Kyrgyzstan | Pakistan
= Equatorial Guinea A Laos £ Palau
™ Eritrea = Latvia = Palestine
#& Estonia = Lebanon «* Panama
M Ethiopia = Lesotho B Papua New Guinea
i Liberia = Paraguay
™ Fiji ™ Libya 11 Peru
[# Finland | [ = Liechtenstein |
11 France = Lithuania
22 Gakon = Luxembourg
& Gambia 8% North Macedonia M Qatar
# Georgia ® Madagascar ! Romania
M Malawi = Russia
& Chana ®i Malaysia = Rwanda
& Greece M St. Kitts & Nevis
& Grenada 1 Mali M St Lucia
¥4 Guatemala " Malta ®i St, Vincent & Grenadines
¥ Guinea 2= Marshall Islands ™ Samoa
& Guinea-Bissau & San Marino
¥ Guyana £ S3o0 Tomé & Principe
= Haiti ¥ Mexico # Saudi Arabia
= Honduras &1 Micronesia
¥ Moldova ™ Serbia
2 |celand = Monaco £ Seychelles
= India ™ Mongolia = Sierra Leone
® Montenegro
= Iran w= Slovakia

= Slovenia
# Solomon Islands
#= South Africa
= South Sudan
& Sudan
&= Suriname
W8 Eswatini
I2 Sweden
O Switzerland
= Syria
= Tajikistan
¥ Tanzania
& Thailand
i Timor-Leste
= Toge
A Tonga
& Trinidad & Tobage
A Tunisia
B Turkey
M Turkmenistan
= Tuvalu
&= Uganda
= Ukraine
& United Arab Emirates
= United States
& Uruguay
= Uzbekistan
™ Vanuatu
™ Venezuela

= Vietham

= Yemen

= Zimbabwe



Policy Directives

Ministry of Power

GENERAL POLICY
GUIDELINES FOR THE
ELECTRICITY INDUSTRY

General Policy Guidelines formulated in terms of Section 5(1) of the Sri Lanka Electricity Act No. 20 of 2009 Repelling Of_ claus¢.es fr'om 2019
General Policy Guideline that
reflect.

was approved by the Cabinet of Ministers as required by Section 5(3) of the Said Act at its meeting held
@120 efect
Removal of firm capacity

! ! requirement of 2/3™ of
demand of power.

9. The  GOSL has set the targets of achieving 70% of electricity generation in the | )
country using renewable energy sources by 2030 and carbon neutrality in power Remgval(jofc_firrg ?capacity rlniX
generation by 2050, and has decided to cease building of new coal-fired power Nar:JIrZTgaiIrl]oecallytoremfifwzzl’oil
plants. The Cabinet of Ministers has approved these w;;olicy elements that shall ar’md Hydro

form the basis of Sri Lanka's future electricity capacity expansion planning ! .\

FE 1 . o ) . . i S -

rurther, new addition of firm capacity will be from clean energy sources such as

regasified liquefied natural gas (RLNG}. — | Removal of 1/3" of demand of
power from NCRE sources.




Demand Forecast 2023-2047

Year

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047

Demand
GWh
16,741
17,705
18,725
19,854
21,124
22,419
23,794
25,253
26,801
28,165
29,601
31,099
32,646
34,241
35,879
37,547
39,253
41,002
42,777
44,584
46,431
48,321
50,259
52,248
54,315

System Loss
%
7.95
7.89
7.83
7.77
7.70
7.63
7.57
7.50
7.45
7.40
7.35
7.30
7.25
7.25
7.25
7.25
7.25
7.25
7.25
7.25
7.25
7.25
7.25
7.25
7.25

Generation
GWh
18,186
19,222
20,317
21,526
22,886
24,272
25,741
27,300
28,958
30,415
31,949
33,548
35,198
36,917
38,684
40,482
42,321
44,207
46,120
48,070
50,061
52,098
54,188
56,332
58,560

Peak

MW

3,021
3,149
3,283
3,432
3,651
3,890
4,127
4,378
4,645
4,880
5,127
5,385
5,652
5,929
6,214
6,504
6,801
7,106
7,415
7,730
8,051
8,380
8,718
9,064
9,426

Night Peak

Day Peak
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Typical Day Load Curve Pattern

* Day Peak Growth Faster than Night
Peak Growth.

* Day peak would surpass the Night
peak in year 2026

2018 2021 2030 2040




Ultra Short
Term

Sub second
to second

Dynamic
Stability
(Inertia, Grid
Strength)

Very Short
Term

Second to
Minutes

Primary and
Secondary
Frequency
Control (AGC)

Consideration in Different timeframes

Short
Term

Minutes to
Hours

Automatic
Generation
Control, Economic
Dispatch,
regulating
reserves

Medium
Term

Hours to
Days

Hourly Dispatch,
Unit
commitment for
day ahead

Long
Term

Days to
Months

Unit
Commitment,
Scheduling,
Monthly
Capacity
Adequacy

Very Long
Term

Months
to years

Hydro Thermal
Coordination,
Capacity
adequacy,
System
Reliability



Resource Modelling - Solar Parks

NATIONAL RENEWABLE ENERGY LABORATORY

i.:NREL System Advisor Model (SAM)

* Ground Mounted (Single Axis Tracking) / Floating Solar
e Hybrid Parks with Storage

* Dispatchable with Curtailment Policies

n SAM 2021.12.2: ENOffice Work\2020 October\RE Study\Solar Profiles\Hambantota 100MW_with battery.sam

Fle v (®Add  Solar PV v Solar PV + 20 MW Battery v Solar PV + 40 MW Battery v Solar PV + 50 MW Battery v

Photovoltaic, Single owner

Profiles eat map f
Location and Resource
Metric Value Monthly Net Electricity to Grid in Year 1 0.7
Module Annual energy (year 1) 233,029,408 kWh
DC capacity factor (year 1)~ 23.4%
e Energy yield (year T) 2,053 KWh/kwW 2e-07
Performance ratio (year 1) 0.75 [\ 6
System Des'\gn PPA pr!:e (year 1? 6.56 ¢/kWh
PPA price escalation 0.00 %/year
Shading and Layout Levelfzed PPA prf(e(mmmal) 6.56 ¢/kWh 15e+07 <
Levelized PPA price (real) 4.84 ¢/kWh Q.
oS Levelized COE (nominal) 6.54 ¢/kWh _
Levelized COE (real) 4.82 ¢/KWh z
T - 0]
@iid i Net present value $503,850 le+07 ) ob
Internal rate of retun (IRR) ~ 11.00 % ?V
Lifetime and Degradation | Y& 'R is achieved 2 3,
IRR at end of project 11.00 % 6
. - 3
hselkien Casis Net capital cost 111,296,624 Ses08 =1 o
Equity 44,190,748 oy
Operating Costs Size of debt $67,105,876 c
Debt Percent 60.29% ol
§ ; 0
Financial Parameters Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec
Revenue o
Energy Loss W 504 front-side shading 10ss Net Electricity to Grid in Year 1 ( 20520
Incentives WS04 frontside sailing loss i oy i i 21467 o »
L wl OA front-side refiection (AM) loss 50 100 150 200 250 300 350 M, 7 %
Depreciation DC module deviation from STC 533611 70 ”
7 9%,
- DC inverter MPPT clipping loss .
Electricity Purchases i . 543082 ot o
g C mismatch lass A\ 0
e
iodes and connections loss 432553 6(\ 4 S@
362023 3 0 <
B '
271494 \")‘\ 4 2, ¥
. ¢ = 9 4 4
Simulate > e %, o
004343 4, Q 0 &
. . 7 3 4
Parametrics Stochastic Afs &
) -9.46043 o L
P50 / P90 Macros n % Q
29°C [ ] 1:227 PM 4.
- Cloudy O search n & S 02 AN 9,



Resource Modelling - Distributed Solar

Location Annual PF Location Annual PF Location Annual PF Location Annual PF

Dehiwala 17.80%] Horana 16.98% Kurunegala 17.48% Balangoda 17.36%
Colombo 17.74% Veyangoda 16.90%| | Anuradhapura 17.86% Nuwaraeliya 15.46%
Katunayaka 17.91% Pannala 18.03% Vavuniya 17.72% Habarana 17.58%
Bolawatta 17.97% Chunnakam 18.50% Kilinochchi 17.79% Embilipitiya 17.80%
Madampe 18.08% Mathugama 17.19% Matara 18.49% | Mahiyanganaya 16.75%
Puttalam 18.07% Kirindiwela 17.35% Deniyaya 16.46% Badulla 16.50%
Panadura 17.49% Galle 18.23% Nawalapitiya 15.87% Polonnaruwa 17.60%
Pannipitiya 17.44% Seethawaka 16.98% | Kiribathkumbura 16.87% Hambanthota 18.95%
Biyagama 17.39% Thulhiriya 17.33%] Pallekele 16.89% Trincomalee 17.93%
Aniyakanda 17.49% Maho 17.72% Ukuwela 16.52% Monaragala 17.38%
Ambalangoda 18.01% Ratnapura 16.43% Naula 17.22% Ampara 17.69%
Kosgoda 17.82% Kegalle 17.21% Beliatta 18.24% Vavunathivu 17.90%

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hour

o0




Resource Modelling - Wind

Five wind regimes were identified and wind plants were modelled based on actual site measurements for wind Production
estimation
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Highlights of the Base Case Plan

Increased Level of VRE Integration

~ 500 MW Annual Solar PV Capacity Additions
~ 150 MW Annual Wind Capacity Additions

More Flexible Thermal Generation

- 1,130 MW Gas Turbine Power Plants
- 850 MW IC Engine Power Plants

70% RE TARGET

Large Scale Energy Storage
Deployment

- 1,400 MW Pumped Storage development by 2032

- 1,125 MW Battery Energy Storage development by
2030 / 4,670 MW Battery Energy Storage
development by 2042

High Initial Investment

- Average annual generation and storage capacity
investment of 1.25 USD Billion up to 2030

- Average annual generation and storage capacity
investment of 1.43 USD Billion up to 2042

*This investment requirement contains only the investments needed on generation capacity
and storage additions.



Future Capacity Mix at Key Years

. (L8 UL

o

gi@ W

o S

Other Grid Scale
Battery Hydro Storage

Baseload, Flexible '
Thermal Renewable
Energy Storage

Intermediate
Thermal Power
Coal Steam Solar
NG Combined Cycle Gas Turbine Wind
Oil Combined Cycle Gas Engine Mini Hydro
Other Thermal Biomass

2,104 + 24

2030



Base Case Plan Additions & Retirements

Gross Capacity Addition (MW)

Year Gas IC Engines Coal Combined Major Battery Pumped Short ORE Existing Plant Battery Storage
Turbines Cycle Hydro  Storage Hydro Term Retirements Retirements

2022 155 309

2023 240 (GT) 320 407

2024 130 350 (ST+GT) 31 20 (200) 623 (130)

2025 110 (ST) 100 650 (255)

2026 200 180 (120) 835

2027 100 200 795

2028 350 775 (10)

2029 150 350 835

2030 125 350 711 (31)

2031 125 350 692 (12)

2032 125 350 660 (385)

2033 150 694 (14)

2034 100 200 737 (347) (20)

2035 100 250 245 705 (25) (100)

2036 200 380 730 (40) (180)

2037 200 400 775 (85) (200)

2038 200 550 785 (85) (250)

2039 200 350 820 (120) (150)

2040 200 340 793 (413) (125)

2041 100 400 340 958 (278) (125)

2042 340 958 (264) (125)

Total 1,130 850 0 1,100 31 4,670 1,400 0 14,938 (2,494) (1,150)



Renewable Energy Development Annual Additions (in MW)

Distribution Grid Connected Grid Connected Total
Major Hydro Mini Hydro Wind Network Partially Fully Facilitated Solar
Embedded Solar Facilitated Solar Solar (park)

1383 415 248 515 100 - 615
20 - 160 94 - 254
20 25 160 147 - 307
20 60 160 223 100 483
25 200 165 80 260 505
25 290 170 70 260 500
25 250 170 50 280 500
25 200 170 40 310 520
25 250 170 20 350 540
10 200 170 30 250 450
10 200 170 30 250 450
10 150 170 30 250 450
10 150 170 30 300 500
10 150 180 30 300 510
10 150 180 30 300 510
10 150 190 30 300 520
10 150 190 30 300 520
10 150 200 30 300 530
10 150 200 30 300 530

- 150 200 20 300 520
- 150 200 20 300 520
- 150 200 20 300 520




Renewable Energy Development — Past & Future (Excluding Major Hydro)

18,000
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Future ORE
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2029

2030
2031
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Base Case Plan — Annual Investment Requirement

2,500
B Thermal RE PSPP M BESS

E 2,000

€

a

3 1,500 I
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+ 1,000
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©

S

2 500
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Average annual investment requirement USD 125 million USD 744 million USD 358 million USD 1,226 million
for 2023-2030
Average annual investment requirement USD 109 million USD 1,022 million USD 446 million USD 1,578 million
for 2031-2042
Average annual investment requirement USD 116 million USD 911 million USD 411 million USD 1,438 million

for total horizon




Capacity Mix and Energy Mix (2030)

Natural hydro
Natural Gas 7%
S Base Case 11% Base Case
13%
Bio Solar
%, 35% Solar
Wind 25%
13% 16%

Capacity Mix Energy Mix
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Typical Weekly Load Curve (Mon-Sun) - Dry Season 2030
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Typical Weekly Load Curve (Mon-Sun) - High Wind Season 2030
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Typical Weekly Load Curve (Mon-Sun) - Wet Season 2030
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Renewable Curtailment for Year 2030
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Renewable Energy Curtailments (2023-2042)
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Key Scenarios - Results

Policy Constrained Scenarios

31

13,795
Plant NG CCY 1,100
Additions | NG GT/ICE 1,930

2023-2042
(MW) Nuclear

Battery

USS >

Million

2. 3.

70% RE by 2030 | 70% RE by 2030
Increasing RE HVDC
Share beyond | Interconnection

2030 +
+ No Coal
No Coal

31

13,795
1,100

Need Additional 1,580
Interventions -

500
3,365
1,400

10,400 10,220 7,589
8,483 8,766 10,203

18,986

18,883

Policy Unconstrained Scenarios

31

13,795
1,100
1,880

600 -

3,365 350
1,400 700

17,792

6.

60% RE by 2030
With
Coal Option
Open Until 2030

400
1,050

7,946

9,561
17,507

*Scenarios were developed considering fuel costs used for plannine studies and imposing limits on instantaneous asvnchronous penetration.



Renewable Share Growth and Interventions to achieve Carbon Neutrality
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Introduction NIPPON KOEI
e ———

O Supply-demand balancing operation is being more difficult due to a large amount of
PV installation in Chubu area.

O In such a situation, VRE output forecast is being more important and flexibility of PSPP
or battery, too.

[ In this material, we focus on the day ahead operation in Chubu area, because CEB is

planning to receive day ahead forecast data of VRE output from JWA in this project.
“Real” Demand Curve in Chubu Area

Installed capacity of PV

[MW] [MW] (Not include negative influence of VRE)
9,500 30,000
9,000 2\ 25,000
8,500 20,000
15,000
8,000
+1GW/year 10000 ——
7,500 =
5,000 —2020/5/5 —2020/8/20
7,000 0
O W M ™ 0 @ O N A o
NNl oV o o Y W QY QY QP QN O O ©® & & © € & & & & ©
QD D D D o\ oV O o D D LSS S SELE PSS SIS
ST AT AT AR ST AT AP L A R S
d.
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Timeline of day ahead operation

'CHUBU

¥ Electric Power
NIPPON KOEI

O Central Load Dispatching Center(CLDC) of CEPCO receives updated weather forecast
data per 3 hours. (V in the table below)
O The highlighted contents are the key operations for supply-demand balancing.

D-111:00

A4

D-114:00

A4

D-117:00

A\V4

* Area demand prediction

* VRE output forecast

* Area demand prediction
* VRE output forecast

* Plan submission of non—
dispatchable (IPP units etc)
power plant from

generation entities

* Area demand prediction
* VRE output forecast
* Considering forecast

error of VRE output

* Area demand prediction
* VRE output forecast

« Same as on the left

* PSPP scheduling and
reserve margin (for
generation) considering

reservoir level

« Same as on the left

Content No.2

* Unit scheduling of
thermal power plant(TPP)

* Instruction to TPP

 Change instruction

Content No.3

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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02 Operation for VRE output reduction
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No.1 Considering forecast error of VRE output

'CHUBU

Electric Power

v
NIPPON KOEI

O Solar forecast error is considered in day ahead operation in CLDC.
O The “modes” are classified by the “clearness index” ” based on weather forecast.
O Inthe case of Mode 1 and 5, the downside forecast error is relatively small, meanwhile
greater in the case of Mode 2-4.
Mode 1 2 3 4 5
SEEIEES 1~0.71 0.71~0.62 0.62~0.43 0.43~0.21 0.21~0
Index
Weather Clear Sunny Sunny Little cloudy Cloudy Rainy

Consideration of Forecast Error Risk

PV
Output

Forecast
Error

S~ -

Mode 2-4
—Error bands are wide

Mode 1,5—Error bands are narrow

Time —

—— Forecasted Output

Forecast Error

10 (68.3%)
-20 (95.4%)
-30 (99.7%)

Mode 514(1|1|1|1|1(1]2(3]|3[3|3|3|4]|5]|5

5

5

5|/5|5|5]|5

5

Copyright © Chubu Electric Power Co.,

Inc. All rights reserved.
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No.2 PSPP RM distributed based on reservoir level NIPPON KOE!
e

O There is kWh constraint of upper reservoir of PSPPs, therefore they do not keep their
nominal capacity all time.
O CLDC evaluates their RM for generation by distributing kWh based on

upper reservoir water level to equalize the ratio of “RM / predicted demand” each time .

[ M W] 27,000

=== ot - 18%
e Distributed RM based on water °
R e -
' 1| T77r level of upper reservoir - 16%
- 1 1
25,000 ! ! | : e -
1
- ' ! i : aia e T T - 14%
! R i ! | | _—
/\ , | N
23,000 % §§ % - 12%
& o 10%
21,000
~—— - 8%
19,000 - 6%
- 4%
17,000 ) i i
CZ-7PSPP nominal capacdty PSPP RM S TPPRM [ PSPP generation 2%
B 0
[15olar generation [ TPP(+other) generation == "Real” Demand —— RM ratio
15,000 j i i i i i - 0%
Q Q Q ) Q O Q Q Q Q ) Q N Q Q O Q ) Q N Q Q
g F & Pl A M MM A A A
Q ) N Q Q Q Q Q ) Q ) Q Q Q Q Q ) Q ) Q Q Q Q Q
AN % N N N N N N Y N N N N N N N N % N N

7 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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No.3 Tentative Instruction to TPP NIPPON KOEI
AR

To deal with the forecast error, CLDC uses “tentative start-up instruction” to TPPs that

enables CLDC to extend the final judgement of unit commitment until their turbine start.

Schedule of TPPs Start-up (Cold Start-up)

Turbine Start e
e (UCjudgement] OUpUt_veneeert T
______________________ PR + Full output
e P R
T |
15:00 Start-up 15-00
Day ahead Instruction Intraday

(tentative)

8 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Case study (Considering PV forecast error) NIPPON KOE!

O 3% indicated with green lines is the criterion of the least RM ratio of CEPCO.
O RM goes down below 3% when the -30 forecast error occurs.

D-1 17:00 (PV forecast: normal) D-117:00 (PV forecast : -30)
o] i Original TPP schedulin
[MW] Original TPP scheduling [MW] g g
27,000 18% 27,000 6%
16%
25,000 25,000 5%
14% (No.1) -
Considering r-
23,000 T‘{S 12% 23,000 @ — 4%
forecast error |
§\L‘:~ 10%
21,000 21,000 == 3%
L 8% =
19,000 J 6% 19,000 2%
39| 4% (No.2)
17,000 —— 17,000 1%
- P§PR RI\/I.
re-distribution
15,000 0% 15,000 0%
Q Q
Q ’ Q/q;bQH
&° &° o &
N
CZ_7'PSPP nominal capacity EEE=3 PSPPRM L TPP RM [ PSPP generation
[ 15olar generation [ TPP|+other) generation “Real” Demand —— RM ratio

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Case study (Tentative start-up instruction on TPP) NIPPON KOE!

CLDC gives the tentative start-up instruction to an additional 700MW TPP and

RM ratio recovers over 3%.

D-117:00 (PV forecast : -30)
Original TPP scheduling

D-117:00 (PV forecast : -30)

Additional 700MW TPP start-up (tentative)

27,000 6% [MW] 27,000 6%
25,000 5% 25,000 5%
- (No.3)
23,000 '§ ~ 4%  Tentative TPP 23,000 0 a%
start-up
21,000 || 3% 21,000 3%
19,000 1 | T 2% 19,000 - 2%
17,000 1% 17,000 1%
15,000 0% 15,000 0%
© B D D D D S S S S S O B B D D D S S S S S S O
P NN NN A HN ENN PN NN S M ENN
g & Tl g & Tl
P PP I PSSP LSS S P PP PP PSS LSS S
NN N NN AN NN N RN N N

<Schedule of TPPs tentative Start-up>

CZZ7/PSPP nominal capacity

[ 150lar generation

s PSPP RM [ TPPRM

[ TPP{+other) generation  ====“Real” Demand

[ PSPP generation

——RM ratio

Day ahea

- Ty
i PPoiler Ignition t-=—="--—--=--—1
N !

15:00 Start-up
Instruction

(tentative)

Intraday
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Case study (Judgment of TPP start-up) NIPPON KOE!
|

At D-1 23:00, the forecasted PV output reduction from D-1 17:00 is observed and
RM becomes close to 3%, then CLDC determines an additional 700MW TPP start-up.

D-1 23:00 (PV forecast : normal) D-1 23:00 (PV forecast : normal)
Original TPP scheduling Additional 700MW TPP start-up (determined)
[MW] 27,000 18% [MW] 27,000 - 18%
_r'i__ o r-": "F""I— "
L R 16% N o - 16%
25000 b T 25,000 i ; b .
‘:ES‘E N ! - 14% No.3) - rE | e 14%
r | | o NO 1 : h “l [ | ~
NS e - DN A T
23,000 §' Pt 12% 23,000 _x L LE12%
>, _E e le“‘?g iw;\; TPP start-up CETTAY §§§§\1§§ \§ :
- NN > x 10% §§ § 10%
21,000 || 21,000 [ | T L e |
=g AR 8% —_— —~——— - | 8%
19,000 ] i | 6% 19,000 m ||| - 6%
300 4% - 300 - 4%
17,000 LA N N NN N N N N S S . - 17,000 N N N SN SN SN S S S S S SN S S S S R S S S . -
2% - 2%
15,000 0% 15,000 - 0%
Q Q Q Q Q Q Q Q Q Q Q Q Q Q 5,0 Q Q ,Q0 A0 Q Q 5,0 Q Q
B RSN SRS R SR RSN N S @7 67 SN A 0 67 60 AT %S
’ ’ H'\o /'\/ H'\ /'\/ H'\o /'\/ H'\’ (,\/ /'\/ H'\o Ve ’ /'\/ N H'\r /'\/ H’\’ H\’ /'\/ H'\« H\’ /'\/
FLLF FIFFIFFIFSF IS PP FFFFSFSFSFS&S
P SN AN N N N S ST T QT T T ST Y
1 [ Turbine Start i e
<Schedule of TPPs tentative Start-up> Y gt e
1. Boller lenition ff--oommoomomo e P ! Fulloutput |
P - ,
C--PSPP nominal capadity =i PSPP RIM = TPPRM —1PSPP generation lg;god L Start-up Il[S:(()jO
[ 150lar generation [ TPP{+other) generation  ====“Real” Demand —— RM ratio e It:‘::x;; NOW e
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03 Operation for VRE surplus
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How to consider VRE surplus in CEPCO NIPPON KOEI
|

O CLDC pumps lower reservoir water up to keep the supply-demand balance in day
time during spring and autumn.
O In the day ahead operation, CLDC considers +3c PV forecast error to confirm
Mmw] Whether CLDC can keep the balance only with dispatchable resources.

14,000 I
13,000 .
12,000 il e | i !

12,000 | | | | |

10,000 | i
9,000 i
8,000
7,000 L

6,000 ] _
5,000 | | L e
4,000 —

,,)0 ,,)0 q/,,)o oD ,,)o SN ,,)0 ,,)o B oD D oD D oD D D D D oD D oD D oD

T T TN
1
—

——m———————L
1
—_—————— e |
|
___________rl

i +30Risk

\
/

- SN N 97 Q7 O AT BT WM O 0T AT DT OO AT D
Qg Qz Qg Qz Qg Q/ QH Q/ 0 Q/ H\’ H'\’ H\’ H'\’ H\’ H'\’ H\’ H'\’ H\’ H'\’ H’L H’\/ H’L H’\/
Q QS QO QO 0 Qo Q0 O O O QO Q Q Q Q Q Q Q QO Q Q Q QO Q
NS A e G760 AT @ g O O ,Lo S 9 %Q SISO NN
N N N N N N N A A A A
mm TPP(+other) 1Solar

[PSPP Pump-up with solar surplus ISolar(+30)

'_:::PSPP nﬂ'minal Capa[:it'f _"Realu Demand lectric Power Co., Inc. All rights reserved.
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Operation based on the Rule of “Priority Dispatch” NIPPON KOE!

0 When CLDC can’t keep the balance only with dispatchable resources, CLDC controls

non-dispatchable ones etc. based on “Priority Dispatch”.

O The order of control of the output is determined by the cost of power generation and

technical characteristics of the generating system.

Output control of thermal power and water pumping operations
(dispatchable)

Ditto(Non-dispatchable except for biomass and VRE, day ahead instruction)
Export to other regions using interconnected lines(day ahead instruction)

Biomass output control(day ahead instruction)

IS suppressed

Solar and wind power control(day ahead instruction)

Output control of long-term fixed power sources
(hydro, nuclear, geothermal)

The order in which the output

Source: Agency for Natural Resources and Energy

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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04  pspp Utilization Purposes
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Upward Balancing Reserve

CerErEier 3 Load Frequency Control Time Range < 5 min (From Stop Mode)
G : Capabilit * Time Range < 10 sec (During Running)
|y overnorrree Lapabiiity * Chubu Criterion =3% X Area Demand
« Time Range = instant (During Running)
!(eep Frequgncy _ * Chubu Criterion = Keeping 59.5Hz in N-1
—> in N-1 Contingency by Shedding PSPP .
Contingency
PUmID U : Downward Balancing Reserve :
| |
: VRE Curtailment Reduction Time Range > 15 min(From Stop Mode) :
h ----------------------------------------------------- ‘
: ) . 5
PUMP Up Marginal Cost for Pumping up Divided by 70%
: : VS
v _ EEgnerie el Substituted Marginal Cost by PSPP Generation after
Generation PUMpPIng up
Voltage Control Operation of Voltage Control Mode
Other

Black Start -
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Weather Dvagad 6utput Control with online(dedicated line) PCS functioning output control \
(11KV — ) 7

Control Instruction |:> l’

Dedicated line i I d
ic Digi PCS supervision
Trar%/ncﬁlfgs%ﬁlkac{lﬁgﬁent LPI’\I{ PCS

A schedule that covers 365 days is provided once a year (for the case disconnected)

%

\ It is to be updated in real time J
ﬁcheduled Output Control with online(Internet) PCS functioning output control \
Output Control (- 6.6kV)
Output Schedule Modem Control Unit
A schedule that covers 365 days is provided once a year (for the case disconnected)

It is to be updated with 30 min. resolutions (= nearly real time)

| e _ _ o Those who has no real time telecommunication N\
i Output Control with offline (Annual control with fixed schedule) and difficulty to change schedule daily 7y
- e e . _|:_:> _____________ .f~ [ Local Operation St £77
I Output Schedule E ;CS
\_ A schedule that covers 365 days is provided once a year J

/ . . . ) Those who has no real time telecommunication \
I Output Control with offline (daily control with day ahead schedule)

and are able to change schedule daily .
|::> e 2 Local Operation %
[ )

\ )
Output Schedule & A PCS

A schedule that covers 365 days is provided once a year (for the case disconnected)
It is to be updated with day ahead schedule J
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LDC Server

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

A e e B e B e B =

* CLDC puts control schedules on the Internet
* Generation entities are distinguished with their ID and SSL

Schedule B Schedule C
CLDC 'll?‘ill I3 aamw
n swzmre=l Distinguishwith ID  [Lomreee
-|-\-l. I.I--IT and SSL nIEEM
- -__.-" Ty
A [
uploaded A and SSL
Schedules LA Schedules downloaded
downloaded (Recoded)
(Recoded) Schedules
PCS without telecom function = downloaded
(Recoded)
Change control schedule at
least annually, otherwise =
plants are prohibit to operate PCS =

Control with updated shedule
Telecom

Control with fixed shedule

- Telecom

Control with updated shedule

N? telscom Solar Plant A Modem SolarPlantB ™ Modem Solar Plant N
unction — i i ] :
a - &4y U e 7|
Control cII(nllontrol | i Control | db: :

| : :

Unit b Unit  — s Y Unit  —— S -
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How to operate with 30 min. resolutions schedule pron Ko
Daily Control Schedule
I ™
Control Schedule | Controlled output %

- . (Output limitation )
I ~B _ o 1']0% ...................................... ! P

OA

1234

78 910111213

[[14hs 1617 18 14 20)-

21222324252627 [

[ 2029 30 31 %l ] T
Fixed schedule can be
uploaded 400 days forward 0% ; , :
6 9 11 13 i3
Time 0~9 9~11 11~13 | 13~15 | 15~24
Output 100% 40% 0% 40% 100%
\ limitation _‘_/'I

Control Schedule can be set with 30 min. time resolution and 1% output resolution

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

Schedule : |

uploaded :

_ thedule pattern

i

 yRen =

~ Pattern A 0%

Schedules are to be given to each
plant and distinguished with each ID

EOTFA ARE P 0001

ooyt mm
BETL ESE 8 R 0005
Y2
5 0 O g
i
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Partial output

1 control
Reverse flow
2 .
protection
Internal fault of
“PCS
3 .
functioning

output control”

Output change

Control resolution

Conversion function
from % to output

Protection accuracy

telecom fault
(Internal one such as
between control unit
and PCS)

'CHUBU

¥ Electric Power
NIPPON KOEI

100%—0%(0%—100%) change of PCS nominal capacity is
possible in the range of 5-10 min.

This time should be adjustable with 1 min. resolution in the
range above

Error should be within 5%

Change rate should be constant as 100%/ 5-10min in case of
linear change.

Step change is also possible, in this case, single control step
should be within 10%

1% of nominal capacity (Error should be within 5%)

Converting provided % to appropriate output considering inputted
panel capacity and PCS capacity
(Input process should be secured with passwords)

Detection criteria regarding flow level and time are greater of
5% of nominal capacity and 150W, and within 5 min.

(i.e. for those who intends all self-consumption)

In 0% control cases,

1. For surplus purchase plants (such as there are some self

consumption), no reverse flow at interconnection point or no

generation output

2. For generation purchase plants, no generation output

Generation stop within 5 min. after detecting internal telecom
fault

When telecom functions are recovered, generation can restart
automatically or manually
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Schedules can be updated with 30 min. resolution

4 Online control Telecom frequency < Updating frequency (server-access timing) can be designated
by CLDC servers
* 400 days x 48(one day divided by 30 min. ) resolution and
5 Schedule Controllable period forward
Schedules of certain period (i.e.only 1 day) can be updated
*  With telecom function
Keeping synchronization with CLDC severs
*  Without telecom function
1. Clock setting is to be conducted by synchronization with
GPS or vender servicemen
2. Manual adjustment of clock after operation should be within
10 min. a day
External fault of oS 3. In case of outage, clock should not be stop
6 “PCS functioning If clock time record disappeared, it is required to stop operation
output control” until clock setting conducted by synchronization with GPS or

vender servicemen

4. Clock error should be within 60 sec. a month

5. Clock setting should be conducted when annually updating
fixed schedules in order to keep the accuracy above

External telecom

fault Control with the latest schedule served before telecom fault

7 Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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1. Organization of Renewable Energy Desk
2. VRE output Forecast system

3. VRE Control System
1. Structure of VRE Control System

2. Chubu system overview
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System Control Center Renewable Energy Desk

Organization of Renewable Energy Desk 'ICHU.BU

At present

Under consideration

P P
g g
N | L _ N

10 AMW/%\
A A 5 S 78 9101 112 13 14 15 16 17 18 19 ﬁ ““R‘\E ¥
2% VRE forecast data for| _ ' :
1st Step “ “éu;])ply demand control “ VRE output
) Forecast system
F
@ ) N orecast and Record VRE output Y.

VRE f t data f
SN P e R A
2nd Step “. “. 4y, - 9 9
> G VRE output VRE Control

Necessary amount For m
of VRE curtallment orecast syste System
Curtail VRE output
Patt 'rn B 30%

depending on weather condition/
*VRE: Variable Renewable Energy |_/

10
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1st Step
Vender Receive the weather | Renewable Energy Desk in CEB

/ \(forecast data / \
Irradiation, Forecast VRE output
Weather forecast  |Wind Speed, by using VRE forecast tool Compare trie value between

Wind Direction) calculated by VRE forecasts toal and
eﬁo X vender’s VRE forecast output

E) )

Forecast the each site’s

\
Q I;} VRE forecast output
Receive the forecast VRE

\ J output data from\yender /

(SPP and WPP)
2nd Step CEB develop the VRE forecast system for entire Sri Lanka

Vender

/

/ Renewable Energy Desk in CEB

Entire VRE output \
forecast system in Power System

Weather forecast

>
pv« ) ’

A

Receive t!:})e weather
forecast data
(Irradiation,

\_ ) Wind Distiony_

11
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Structure of VRE Output Control System NIPPON KOE!
| Weather forecast data server |

Weather forecast/ N
actual Data

vAg
.

Renewable Energy Desk

L A\

VRE output Forecast system

/ Over 132kV \

9| . PCS with Output control function
Real Time Control .
I [ > PCS Utility Scale PV

Communication Modem Control Unit % |
Output control system -. )

(I -

Dedicated line

-

E
O

&

Communication [output control [operation . .
No . - merit demerit

environment schedule previous day on the day
1Dedicated line real time control high security expensive

, flexible RED send schedule to PCS update schedule on server low-cost ,
2Zlinternet . low burden of low security

PCS control output automatically .
generation company
. Generation company update schedule on site once a year based _ .

none fixed , no communication cost [long control time

3| on power company’s schedule
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CDT
(Dedicated

N

nline (Over
7| <_
Caontrol Signal

11kV)

) 4

Reserve | Control
M t i
anagement| RequiremenLiip - hawable

System —>1|Management

Telephone

7 Y Function | Plan Data Center Verbal
Intercon D ( Control Schedul Message
M on uie Online
i 4 Control S : RE ~
RE Prediction nection LoNE PCS <
Information Control Signal|] system z dlstrlbutloqb - Internet 6kV below)
Function E-mail
RE Internal Internal-PC ]
Prediction = fgoguroe I-nfo"nc?;% Control Web gérn\j?clé _____ h
Function = r Information i

DMZ:DeMiilitarized Zone
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In case of connecting Independent Power Producer NIPPON KKOEI

o T e e ! [Power Plant] —~—————~ -~ — - T oo T T T T T T T T

| : i |
i | i R
! i ! i L !
[ — i ! : R !
| i ! . gonnen VCT A !
| : : AA _® | | "::3:':_ APTH - (Voltage and = sesss i ....... é g.....:...E. G : |
! rV\ i I Seast et Current Transformer) : o M !
| : | : |
i _I I_ : | ........ is.éi\}[....l.é...... .... |
| — . Ry
: PCM-Ry | : ............... prsssenssns i Telephone for :
i | : i C - - T the preservation i |
— - t s -
| Communications Intermediate i I Intermediate d2$?221§2r1:E2 (Demand) chmunlcatlon
| device for the [— Distribution | L Distribution oM !
I PCM i | Frame (IDF) !
I Frame (IDF) ! I rame | i
! I : !
I . ; I Optimal Communication device I
= [Substation] ————————— ! ! |
| |
I Cyclic Digital data !
I Transmission (CDT) Power supply
) [ : : equipment for
[Substatlon} _'_'_'_'_'_'_'_'_'7 I Communication !
1 | H |
I i i Communication board i
I I : | for SV (Super Vi SiOn) Supply and Demand I
i | and ™ (Tele Meter) Power amount |
! § information !
| |

|} r/\v/\\ _®_:_

[Legend] [Thick Line) : Transmission line [(Thin line) : Communication Line

|
|
PCM=Ry ! — : All costs borne by IPP(Independent Power Producer) [CEPCO’ s asset and maintenance by CEPCO]
, : : 50% costs borne by IPP(Independent Power Producer) [CEPCO’ s asset and maintenance by CEPCO]
Communications ! i I : General burden®[CEPCO’ s asset and maintenance by CEPCO]
. @terme 1?te """""""""" : Installed by IPP [IPP’ s asset and maintenance by IPP]
device for the [— Distribution | !
PCM Frame (IDF) : ¢ As for the cost of power system equipment, the part that is frequently used in common is included

in the electricity charge (transmission charge) paid by the power consumer as a “general burden”.
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In case of connecting extra high voltage consumer NIPPON KOE!

[Extra high voltage consumer]

I |
i i i
' | I
— — | i : i
i ! S gy L VCT : T R !
: : AVA\ _®_'_ | :"::3:‘:_\ ........ g - (Voltage and ....i ....... é g ........ i L : |
r I : - CITERES Current Transformer) g T K N
1 — : i i
- : i PCM-R .
PO Ry I : ............... — { ....... Telephone for
| ! I % - the preservation i
Communications Intermediate : I Intermediate EZ$T221;2;12E2 (Dgﬁgﬁd) communication
device for the [— Distribution | L Distribution P
PCM Frame (IDF) | | L Frame (IDF) | !
L [Substation] ——mmmimimimim : : | Optimal Communication device
I |
i Cyclic Digital data i
! Transmission (CDT) Power supply
I equipment for I
[Substation] _'_'_'_'_'_'_'_'_'7 i Communication i
! : § Communication board
] — : | i for SV(Super Vision) Supply and Demand i
i ! § and TM(Tele Meter) Power amount
[ i information !
I |

| | (\/\ "<§§D"""""f"

[Legend] [Thick Line) : Transmission line [(Thin line) : Communication Line

|
|
PCM-Ry [ : certain costs™ borne by IPP(Independent Power Producer) [CEPCO’ s asset and maintenance by CEPCO]
, I : General burden [CEPCO’ s asset and maintenance by CEPCO]
I [ — : Installed by Extra high voltage consumer [Consumer’ s asset and maintenance by Consumer]
Communications Intermediate | |
device for the |— Distribution | ! %¢Refer the next page for the calculation method of the burden cost
PCM Frame (IDF) | !
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[The burden cost of Construction]

Transmission Voltage Burden Cost for lcct Burden cost by CEPCO as
line form = Per construction length of 100m | general facility expenses

29kV or 33KV ¥363,/kW
Trerdhesd

Vi? ed 77kV ¥165/kW
1ne

154KV ¥88/kW

¥5, 500/kW

29kV or 33KV ¥638/kW

Unelemgirotme 77KV Y451 /kW
line

154KV Y2492 /kW

If consumer need backup line(2cct), they need to pay additional 1/5 of the burden cost of construction
[A example of burden cost of Construction]
- contract power is 3000kW , Transmission line is constructed by overhead line (300mX2cct) , voltage is 77kV

The burden cost(main line) : 1653%3000%3 = 1, 485, 000
Burden cost by CEPCO : 5,500 3,000 = 16, 500, 000 (this value is larger above one , so consumer don’ t need to pay for main line)

The burden cost (backup line) : 165%3000%3%0. 2 = 297, 000
The concept of general facility expenses is not applied to the backup line

Total burden cost by consumer:¥297, 000

19
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® CEB evaluates VRE supply capability in long term planning study as solar : 0%,
wind : 2-3%, hydro : 5% - 50% of their nominal capacity.

® Japanese utility and OCCTO evaluate them greater compared to CEB and supply
capability increase is expected to contribute to CEB efficient long term planning,
therefore, we’d like to introduce how to evaluate in Japan.

Table 2.1.2.B: Probabilities of Hydro Conditions

<De-rating factor of hydro in Sri Lanka> fydro Condton | probabiley
S CEB grid cod -
ource . gria coae et 2%
Medium ’ 50%
Dry ) 15%
Very dry 5%
Solar Run of river and resevoir hydro
48 58 65 ik 8H 9H 10 1A 128 15 25 3H [@&:&ER| 1 4 [ 5A [ 68 7H 8H 9F 08 [0 25 ¥z 75 3H_|E2ERm
0. 7.2 14.7 18.8 238 42 16.7 120 04 71 78 25 26 022 513 514 281 295 43 310 360 305 299 257 266 370
0 7.0 14.6 18.7 23.8 5 16.6 12.2 0.3 6.4 7.3 2.7 24 | 2023 51.4 514 47.8 49.9 42 43.7 36.2 30.7 29.3 25.5 26.7 370
[20: —— | 5 L— | — L— 5 5| [202a 47 A7.1 [3A]
05| || —— i — —— 4 4 _ﬁ| a7 470 470
026 — ] — 2 — 2 2 026| F 471 a7 171
057 7Y 5 5 5 027 v 471 471 a1l
- 2028 475 415 415
2028) 126 126 126 PTIT] 22 212 a2
2029 125 12.5 125 2030 475 415 475
2030 125 125 1251 2031 475 415 415
2031 125 125 125 PSPP
Wind 2022, EY
[y 5H =] 7H SH B 08 8 128 H ] 3H (BE)ER Duration 48 58 6H 18 8H 98 108 118 12H 18 2A 38 (BE)ER
0, 312 11.2 125 145 2 12,1 122 305 248 28 414 334 o 3; gg: ; gg gg %-g ;g gg g gg gg-g gg
0, 308 1.2 12.6 143 i 1.9 132 30.7 26.3 4 40.6 44.3 — T > - o o 000 - - 2 = 00 2
|20 — 12 e | e o ] 7.2 1.2 Th 75 3 7. 0.0 00 00.0 76 ; 5 98 00.0 95
025} — 14l —_ 74 14 Bh 75 4 7. 0.0 00 00.0 76 ; 5 9 000] 95
026) | L] — 75 —— 1.5 15 5h 7.5 4 7. 0.0 00. 00.0 76 ] 5 08 00.0 05
027} | 79 1.9 79 14h 875 894 97.2 100.0 1000 100.0 91.6 96.5 99.5 98.8 100.0 95.6
2028| 275 215 275 13h 875 39.4 972 1000] 1000] 1000 976 96.5 995 988 | 1000 956
2029 280 28.0 28.0 12h 875 39.4 7. 0.0 00 00,0 76 96.5 995 986 | 1000 95
2030 28.3 28.3 28.3 i1h 813 89.4 7. 0.0 00. 00.0 18 96.5 9.5 876 99.7 85.
2031 283 283 283 10h 865 89.4 7 0.0 00, 00.0 76 96.4 3.0 957 987 85
- - 9h 85.3 88. 6 0.0 00. 00.0 1. 95.5 1.5 93. 7.0 93.
8h 83.6 7.4 4 0.0 00. 99. 5. 93. 5.0 80. 4.6 92.
7h 815 4 0. 5 7 ; 3 K 5 84 6 895
Bh 78, 5 6.4 3 3 3 0.4 2 7.0 7 78 86.
5h 75, 0 0. 0 6 ; 6. 4.2 15 7 X 824
ah 72.4 747 4 5 B 80.1 822 X 50 5 2 77
h 68.4 69.7 66. .9 70. 72.3 76.9 73.9 61.5 5 72.4 72.
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Japanese utility and OCCTO uses EUE(Expected Unserved Energy) instead of LOLP.
EUE is expressed as k(M)Wh or k(M)Wh/kWd * year (kWd means electricity demand).

EUE can be calculated by averaging each result of 10,000 times Monte Carlo yearly
simulation in Japan.

<Example 1> <Example 2>

< | 4MWh 1MWh
upply /
capabiity /A M /\ /A
< > <t ks - »
Demand
Curve

| Examplel Example 2

LOLP Oncelyear Twice / year Former Japan

LOLE 3 hours/year 3 hours/year UK

EUE 3MWh/year 5MWh/year

Demand
Curve

Japan

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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® De-rating factor can be calculated in the following equation.

Reducible stable generation capacity keeping the same EUE
Nominal Capacity of newly increased VRE or hydro

De-rating factor =

EUE keeps same level for a year after reducing stable
generation capacity and increasing solar capacity

MW MW

.-"E'!'-'f.r:.
i,
Ot D

Y

HIy,
A,
£

Stable generation
(e.g Thermal)

Demand curve Stable generation
Demand curve 9

¥ Reducible stable generation capacity As (e.g Thermal)
(Difference of top of green area)

*For Wlnd, the Same evaluatlon appllcable Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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® F[or PSPP, it is necessary to simulate pumping up & generation when calculating EUE.
® Basically, pumping up as much as possible is operational policy for evaluating EUE.

A

Demand curve

Reservoir

Level

Full level

/\/\

Reducible stable
, generation capacity

Stable generation
(e.g Thermal)

o
T

7

s

PSPP pumping up PSPP generation

Nominal capacity of newly
increased PSPP

PSPP maximum output
Demand curve  Stable generation
(e.g Thermal)

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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PSS/E renewable Dynamic Simulation
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1. Renewable Energy model
1. Wind model
2. PV model

2. Dynamic Simulation
1. Conventional model
2. PV model
3. Wind model

3. Short Circuit calculation
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PSS/E R ble E Model R om
enewable Energy Mode NIPPON KOE!
Wind BESS (Battery Energy DER
Model Y Storage System) (Distributed
2nd 1st Energy
wi w2 w3 w4 Generation Generation Resource)
WT3G1, WT3G2 WT4G1, WT4G2 PVGU1
/Gceﬁ/rarttorr WT1G1 WT2G1 REGCAL (Current source model) CBEST DERAU1
onverte REGCB (New model : Voltage source model)
(Grid Forming Inverter)
WT3E1 WT4EL, WT4E2 PVEU1
Electrical i REECCL
WT2E1 REECAL (Wind, PV) REECB1 (Simplified
Control
Model)
REECDU1 (New model: Recommended for Wind, large scale PV, BEES.
Momentary Cessation in large scale PV.)
Mechanical WT1oT1 WT3T1 WTDTAL* PANELU1
(Drive Train) WTDTA1 WTDTB* (Panel’s output curve)
Pitch WT3PL IRRADU1
Control WITPTAL (Solar irradiance profile)
WTPTB
WT12A1
Aero Dynamic (Unapproved by Task Force) WTARA1L
WT12A1U_B
Gust
REPCTAL
REPCA1

Plant Control
(Auxiliary Control)

REPCC (Providing added flexi

ibility in the specification of limits

of the pitch controller)

PLNTBU1 with
REAX3BU1 (Multi-Unit)

PLNTBU1 with
REAUX4BU1 (Multi-Unit)

Torque Control

WTTQAL

Weak Grid

WTGWGOA*
(Reduce Pref for post-
fault recovery)

IBFFR (Inertia
Based Fast
Response Mode)

Frequency

WTGIBFFRA
(Synthetic Inertia)

+ Blue : Currently under development and/or being tested, Green : Testing not yet started.. * : optional

© Chubu Electric Power Co., Inc. and Nippon Koei Co., Ltd. All rights reserved.
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« Current m?m trend is type 3 and 4 Type 2
ype 1

Plant
Plant Feeadsrs
F eeders
Zenermtor genemtor

PF control ac PF control
to ~~ capacitors
de

~— capacitors

Type 3 Frsirs et T
% genemtor Type 4 Plant
Feaders
& ac ] de | generator — i'c ] c:c
:I:; ] ::2 I_%: ] dc ] ac
— S
patial power - full power
Name Merit Demerit share
1 conventional directly connected Low cost, simple Flicker voltage 4.9%
induction generator Sturdy Voltage not adjustable
2 wound rotor induction generator optimum output control Expensive 5.9%
with variable rotor resistance under 1MW
3 doubly-fed induction generator optimum output control Limited speed range 63.3%
Compact convertor
4 full converter interface High efficiency Full converter is necessary 22.2%
expensive
Source : User Group Meeting PSS@E Session 2 P35 (13 January 2022, SEMENS) Source : BTM Consult
)
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Machine Model (Conventional model : hydro, thermal, nuclear) NIPPON KOES

—————————

B Elecrical .1 Dynamics Data
(Machine)
EtO

HO_':'P Exciter Model E : * Generator Model i —» Power
Av? | i ; system

PSS Model AP i

N e— I (AY0) B i

| PSS ¢ |

B Mechanical
PmO ~| Turbine Governor | l - ertia f  Power
:OT - Model Pm :+ (turbine, generator) | : system

fO oo ! e -1
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. . ¥ Electric Power
Renewable Machine Model (Wind power model Type 3) NIPPON KOE!
Model Interconnection Diagram for Type 3 Machines Ry . Dynamics Data_
Exciter Model (Renewable Machine)
R | —~——
Plant Control Model : plant Control | (REPCA, | Electrical
(Optional) | (PC) REPCC) | Control Model | | Generator Model
e iy L/Converter Model
) i . Electrical : I cm(;, Generator ild, Ig
braf | Control (EC) | | chm?i Converter (GC) ||
Torque Control iy EEEEEN I o e
_____ Model
: (WTTQA) i

PrefPT ! _
g e . Turbirle Governor Model
Pelec I_ (1Q) : =

e «g | [ Mechanical Model

h 4 h

1
| |
|
: : I — :
. . |
v ! Pitch Control | g Aerodynamic I Drn;;:'}rann I
PrefPT (PT) L] (AR) Pméchi !
1 I I
: :
| |

Pitch Control (WTPTA, T : (WTARA) Lo (WTDTA,
Model

|
| WTPTE) e e Lo WTDTB)
|

Source : User Group Meeting PSS@E Session 2 P38 (13 January 2022, SIEMENS)

© Chubu Electric Power Co., Inc. and Nippon Koei Co., Ltd. All rights reserved.


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

CHUBU
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Renewable Machine Model (Wind power model Type 4) NIPPON KOE]

_________

_— -

Model Interconnection Diagram for Type 4 Machines

Plant Control Model
(Optional)

Exciter Model

_____________________ —

Electrical Control Model

Plant Control | (REPCA,
(PC) REPCC)

______________

. Dynamics Data
(Renewable Machine)

Generator Model
<

Converter Model

|
|
|
|
| ' (REECA, REECB, !
: : REECC, REECD)
- | Qref/Vref | !
1 ] = 1
| | Electrical
! ! Control (EC
+ : Pref | _ (EC) Ich
_____________________ —» !
! I
Lm e o o dee oo

(DT model -
N . Optional) I
Turbine Governor Model -
L A K
- : Pelec :
Mechanical Model | ! Drive Train | (WTDTA, !
. | WTDTB)
(Opt|0nal) : Pmech (DT) ] :

Source : User Group Meeting PSS@E Session 2 P39 (13 January 2022, SIEMENS)
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1

1 1
i Generator Id, Ig

Converter (GC) !

1

1
1
! (REGCA, REGCB, !
! REGCC) !

e o o - - - - - -
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PSS®E 1st, 2"d Generation Type 3 & 4 Wind Machine Models W Hectichowe

NIPPON KOEI
S

1st Generation

Generator/Converter model WT3G1, WT3G2 WT4G1, WT4G2
Electrical Control Model WT3E1 WT4E1, WT4E?2
Drive Train model WT3T1
Pitch Control Model WT3P1

2nd Generation

Model Description Model Name in V33.4 and above [Model Name in V34

Generator/Converter model REGCAU1 REGCA1
Electrical Control Model REECAU1 REECA1
Drive Train model WTDTAU1 WTDTA1
Aerodynamic Model WTARAU1 WTARAL
Pitch Control Model WTPTAU1 WTPTAL
Torque Control Model WTTQAU1 WTTQA1
Auxiliary Control Model REPCAUL1 REPCAl

The WECC and NERC Renewable Energy Modeling Working Group (REMWG) have
unapproved the use of these 1st generation models. The suggestion is to use the
2nd generation models (REGCA or REGCB for modeling the Renewable Generator,
and the REECD for modeling the EC model)
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¥ Electric Power

PV model (Output fluctuation model due to solar radiation fluctuation) NIPPON KOE!

i . Dynamics Data
R ' (Renewable Machine)
____________________ , oo Rest of
Irradiance Model PV Panel Model Converter Model:  System

11000 [W/m2]

800 [W/m2]

i // % 600 [W/m?2] \ . 2 WT 4 ufmtqge
| % A/ 5 - \ . 2 '
S\ / —p & =——pConverter/ | PSS/E
N v Hrrad (1) | ‘Pdc () el | -
. . ' B 'Pde (l) el. contro -
I — . | : ¥ -, | : R':
i Time : : Voltage [V] . : | IQ |
; Irradul i ' PANELU1 .| PVGU1, PVEU1 |
lTyDe Eleu:lriu:all . ;“‘;:ﬁ:; .Tyne Mechanical :';'t‘;‘:ﬁ's Type Pitch :';'t‘;‘:ﬁ's Tyne’_ T T T T s e _I ____________________ !
Mrtn  PVEUT i Mirtn  PANELUT Wrin [RRADUT 1 Wrtn

Edit Model Parameters

Solar irradiance

Model RRADUT Model 164 °1°

Wadsl CONS  nodel IDOMS  Model VARS Setting time by tlme

Con
Value

50000 T1, Time of
10000000 I1, Irra

[T & ea[rs]—|

:ond
00000 N0, Iradiance at tenth data point, W/m2

EE
b= =] b e =

Id - Arez

Source : PSS@E Wind and Solar Models P50 (July 5-6, 2011 SIEMENS)
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' CHUBU

. ¥ Electric Power
PSS®E 13!, 2"d Generation Large Scale PV Model NIPPON KoE!
1st Generation
Model Descripton @~ |Model Name in V33.5 and above
Generator/Converter model PVGU1
Electrical Control Model PVEU1

Irradiance Model (Pitch Control) IRRADU1
Panel Model (Mechanical System) PANELU1

2nd Generation

Generator/Converter model REGCAU1 REGCA1
Electrical Control Model REECBU1 REECB1
Plant Control Model REPCAU1 REPCA1

The WECC and NERC Renewable Energy Modeling Working Group (REMWG) have
unapproved the use of these 1st generation models. The suggestion is to use the
2nd generation models (REGCA or REGCB for modeling the Renewable Generator,
and the REECD for modeling the EC model)

11
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¥ Electric Power

BESS (Battery Energy Storage System) Model NIPPON KOE]

B CBEST

nar Pyax TaMAxVAC
7N\ P
Pax—y —— |—{ = }—] 1 1 [FAC,| MBASE | pour
MBASE \."/ SBASE
P 4 - / .
~PAAX -1 'V, Bus Bus Mbase |Machine Model f Model :
PaAX ACMANVAC Mumber MName Id (MVA) Status Generator Status Type Exciter Status Type | Turbine Governo
101 NUG-A 21600 1 50000 [2] (GENROU ] &tnd EEETT 2] &tnd TGOV
102 NUG-E T 2ise0 80000 [ GERRGU M Stnd EEETI [ Btnd TGOV
i~ 158 MD230 23000 1 11100 [ [CBEST [ Stnd ione ] hone
OUtpUt eff|C|ency 206 URBGEN 18000 1 100000 [F]  GENROU i
217 HYDRO.G 20000 1 9500 [ GENSAL Edit Model Parameters
611 MNE G S A0 166000 [ GENRGU
INBCATDOG G 138001 1 130000 [ GEMROU Madel GBEST Madel 153 °1
Poyt~ 0 -
vt Model COMS  Model [CONS  Model VARS
5 B4 Gon Gon
! \ Value Description
Pout ———— L t — Eout 1 09000 PIMAR
Y 't 2 11000 :OutEtf (5= 1) Output Efficiency
3 0.5000 :InpEff (<= 1) Input Efficiency
Pout <0 .- B 000 TAGMAR
s 5 10000 KavR
& §6700 T
. 7 §.0700 T2
Pout > 0 : discharge B Goa0n T8
I ici El 0.0400 T4
Pout<O0: Charge mpUt eff|C|ency 0 10000 Vi, BVE Speed Limit
11 § GH00 AN, AVR Speed Limit
12 0.0000 :Droop

Vaax

Assuming an 80% turnaround efficiency,

/

———122{;::&3 == [ |retrieval (OutEff) and storage (InpEff)
B S - efficiencies would typically be setto 1.1 and

0.9, respectively.”

Droop control(voltage)

12
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' CHUBU

PSS®E 1st, 2nd Generation Battery Model Tron e
1st Generation
Generator/Converter model CBEST

2nd Generation

Model Description Model Name in V33.5 and above [Model Name in V34

Generator/Converter model REGCAU1 REGCAl
Electrical Control Model REECCU1 REECCU1
Plant Control Model REPCAU1 REPCA1

The WECC and NERC Renewable Energy Modeling Working Group (REMWG) have
unapproved the use of these 1st generation models. The suggestion is to use the
2nd generation models (REGCA or REGCB for modeling the Renewable Generator,
and the REECD for modeling the EC model)
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Electric Power

' CHUBU
NIPPON KOEI

v

Base case Assumption

Base case is Siemens sample model

Fault at No.151 Bus

Area 1 to 2 Interchange
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'CHUBU

¥ Electric Power

Analysis procedure of Dynamic Simulation (Ver. 34) NIPPON KOE!

(1) File = Open — File ( Ctrl + 0 ) (8) Dynamics — Perform simulation (STRT / RUN)

Open savnw.sav and savnw.sld in HPLC Perform Dynamic Simulation

(2) Power Flow — Solution — Solve Simulation options

Click = Solve Enter 1.1 (seconds) to “Run to” and click = Run (three - phase short circuit for
0.1 seconds (1.0 to 1.1 seconds) )
Click — Close

(3) File = Open — File ( Ctrl + O)
Open savnw.dyr in HPLC

Click — Close
(9) Dynamics — Disturbances — Clear fault
Click > OK

(4) Dynamics — Channel Setup wizard ) . .
(10) Dynamics — Perform simulation (STRT / RUN)

Click —» Go
Click — Close

(5) Dynamics — Perform simulation (STRT / RUN) . ) .
o _ Enter 10 (seconds) in Run to and click = Run (analysis after clear fault for
Perform Dynamic Simulation about 10 seconds (1.1 to 10 seconds))

Initialization options — Enter the output file name Click = Close

Perform Dynamic Simulation

Simulation options

( example: test.out )

Click — Initialize

(6) Perform Dynamic Simulation (11) File = Open — File (Ctrl + O )
Simulation options Open test.out in EXAMPLE
Enter 1 (second) to “Run to” and 120 for “Print” , and click = Click = OK
Run (steady state for 1 second ). (12) View — To the right of Plot Tree v
Click — Close (13) View: Plot Tree
(7) Dynamics — Disturbances — Bus fault Plot Data — Channel Files — test
Apply a Bus Fault Move the contents to the plot area by drag and drop
Apply fault at bus — Enter 151 (151: 500kV Bus) ( Output of 211 HYDRO-G and voltage of 153 MID 230 (230kV) )
Click > OK
16
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Comparison between with and without fault

Electric Power

"CHUBU

10 15 10 10 10 10
) .
ol Without fault wlo 3 ; With fault h o 8
) 3 | [ L]
o | | & . thermal ¢
g 138 T | 8 8 i} 8
o = s % -
(D =1 i = S =
= 7 I 1247 o 7 I 7 37 ©
Q nuciear 94 ¢ g nuciear 3
— o o N iz o
o 6 1116 o B 6 |6
: | hyd 45 5
) < 5 hyd ro wds o < 5 y ro 5 45 o
O 4 4 0 4 x
2 [ [a] 2 o [a]
o Z o = z - =
s 4 8 34 L = 4 4 o4 L
o E 4 = = g =
— : ~ ; o~
€ 3 8 g3 % 3 3 g3
© | 3 {1 = 3 E
erma 1, 2 9, 8
C -~ 2 7 2 a w2 2 A 2 a
(—r = ' i I
2 ‘ 9
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0 5 lo 0 o lo
0 2 3 4 5 6 1 10 0 1 2 3 4 6 7 2 9 10
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| 0.012 )
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Electric Power

"CHUBU

NIPPON KOEI

Wind model Assumption

Base case is Siemens sample model

Fault at No.151 Bus
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Wind model

Model : Generator model : WT3G1, Electrical Control Model : WT3E1
-90 MW wind power connection to MID230 Bus (230kV)
-3-phase short circuit fault at 151 Bus at 16 sec

(1) Exercise

—
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With fault

" Wind " “sz
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'CHUBU

Electric Power

v
NIPPON KOEI
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For reference

power output curve
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¥ — 10-POWR 153[MID230  230.00]1 : wind transition

Electric Power

"CHUBU

NIPPON KOEI
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'CHUBU

¥ Electric Power

PV model (Output fluctuation model due to solar radiation fluctuation) NIPPON KOE!
A ———————————————————————————————————————=

B Dynamics Simulation
1. File > Open > File
Select “savnw_PV_battery.sav”
Select “savnw_PV_battery.sld”
Select “savhw_PV_battery.dyr”
Click “"OK”
2. Power Flow > Solution > Solve
Click “Solve”
Click “Close”
3. Dynamics > Channel Setup Wizard
Click “"Go”
Click “Close”
4. Dynamics > Simulation
> Perform simulation (STRT/RUN)
Click “OK"
Input “pv1” for Channel output file

B [rradiance model

Model
Status

Model
Status

‘ Type ‘ Electrical Type| Mechanical Type Pitch

Model
Status

Ty

irtn  PVEUT Wrtn PANELUT Wrtn [[ERADUT

e

Edit Model Parameters

Model RRADUT Model 154 1

Madel GONE  hMods! ISONS  Made! WARS

Solar irradiance
setting time by time

Gon Gon
Value Description
50000 T1, Time of the first data pont, secand
1000.0060 1, Fradiance at first data point, W/m2
10,0800 T2, Time of the second data point, second
5900.0000 12, Irradiance at second data paint, i/m2

I/

B Result (pvl.out)

0.2

15.0000 T8, Time of the third data point, second
550,000 13, Trradiance at third data point, W/m2
20,0000 °T4, Tims of the fourth data point, second
800.0000 14, Irradiance at fourth data point, i/m2
25.0000 T8, Time of the fifth data point, second
7000000 T, Trradiance at fifth data point, W/m2
50.0000°T6, Tims of the sixth data point, second
600.0000 16, Irradiance at sixth data point, Wi’/m2
35.0000 T7, Time of the seventh data point, second
7000000 T7, Fradiance at seventh data point, W/m2
00000 T8, Time of the sisth data point, second
0.0000 18, Irradiance at eigth data point, W/m2
17 0.0000 T8, Time of the ninth data point, second
L] 0.0000 B, Fradiance at ninth data paint, W/m2
15 0.0000 T10, Time of the tenth data point, second
20 0.0000 110, Fradiance at tenth data point, W/m2

R EEEEVE

@fo|=|=|R|=|2

Cancel

x

PSS(R)E PROGRAM APPLICATION GUIDE EXAMPLE

BASE CASE INCLUDING SEQUENCE DATA

D Lest322

230.00]1
[=]
=
3]

Click “Initialize” % 0'1 ”_—\/;
Input “40.0” for Run to % 0.05
Click “Run” % i

5. File > Open > File g o 4 8 12 16 20 24 28 32 36 40

Select “pvi.out”

21

12

Time (seconds)

[

12 - POWR 154[DOWNTN 230.00]1 : test322-0
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NIPPON KOEI

v

Area 110 2 Interchang]

130.3 MW

1
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Base case is Siemens sample model

Fault at No.151 Bus

PV+Battery model Assumption

© Chubu Electric Power Co., Inc. and Nippon Koei Co., Ltd. All rights reserved.
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PV + Battery model

'CHUBU

¥ Electric Power
NIPPON KOEI

(1) Model

-PV : PVGU1, PVEU1, PANELU1, IRRADU1

-Battery : CBEST
(2) Exercise

-80 MW PV connection to MID230 Bus (230kV)
-80 MW Battery connection to DOWNTN (154kV)
-The same procedure as previous one. 3-phase short circuit fault at 151 Bus.

1Nndino uonelsusn)

e __—thermal
784! _//

77M

without battery

759

21.800]1: 20220516 no batt

74
73

72

7 PV

8- POWR 101[NUC-A

nuclear

0 4 8 12 16 20 24 28 32 36

Time (seconds)

8- POWR T01[NUC-A 21.600]1 : 20220516 no batt
~12-POWR 211[HYDRO_G  20.000]1 : 20220516 no batt
10- POWR 154[DOWNTN  230.00]1: 20220516 no batt
11-POWR 206[URBGEN  18.000]1 : 20220516 no batt
12-POWR 211[HYDRO_G  20.000]1 : 20220516 no batt

"AAINAA

23

62

lo
6.15 [
=)

61

B
6.05
=}

6

595 [£

=
59 F

585

58

575

230.00]1 : 20220516 no bat

10 - POWR  154[DOWNTN

8.25

8.2

8.1

8.05

7.95

7.9

7.85

7.8

7.75

0220516 ng batt

12.00011

06[LURRGEN

11 - POWR

6.25

6.2

6.15

6.1

6.05

5.95

5.9

5.85

5.8

5.75

0516 no bat

0221

2

21.600]1 : 20220516 batt

20,0001

0G

211[HYDRO

9- POWR 101[NUC-A

OWR

12 - P

79

784

17

76

759

74

73

72

71

with battery

_—~thermal , ..
ffd'\ patcery
/ nuclear

PV

8 12

16 20 24 28 32 36
Time (seconds)

AAIIXF

9-POWR 101[NUC-A  21.600]1 : 20220516 batt

11

12
13
14

- POWR
-POWR
- POWR
- POWR

153MID230  230.00]1 - 20220516 batt
154[DOWNTN  230.00]1 : 20220516 batt

i
206[URBGEN  18.000]1 - 20220516 batt
211HYDRO_G  20.000]1 : 20220516 batt

09

08

0.7

o
%)

2

0.9

0.8

(220518 hatt

0.7

0001

0.6

0.5

0.4

0.3

0.2

11 POMWE A83MAINS30

0.1

230.00]1 : 20220516 batt

12 - POWR  154[DOWNTN

8.25

8.2

8.15

8.1

8.05

7.95

7.9

7.85

7.8

7.75

0220515 batt

06[URBGEN 1800011

13- POWR

@
[N}
wn

6.2

6.15

20220516 batt

6.1

20,0001

6.05

0 G

5.95

5.9

211[HYDR(

5.85

OWR

5.8

14 - P

5.75
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Short Circuit calculation (how to protect power
system even though mass introduction of RE)

'CHUBU
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Short Circuit Calculation Procedure(on SLD screen) 7o

1. Calculate power flow

2. Input Os for zero sequence data and negative sequence data

3. Misc > OPTN

Three phase fault

General  Short Gircuit  Neode—Breaker
Units - Currents/Woltazes Physical o MOV Maximum iterations E =
Unitz - Impedances FPhy=zical w | MOW Tolerance IE =
Qoordin_atﬁg - Rectanzular w | WO Tteration Alpha @ =
Coordinates — Impedances Rectanzular R Enahle fault analyziz warnings
Phaze modeling 3-Fhaze w I:‘Setup fault network before solving with unbalances

Select “Physical” for short circuit output

SelectCPolar”

r short circuit coordinated
“3-phase” for short circuit phase modeling

Alt > Automatic Sequencing Fault Calculation (ASCC)

Automatic Sequencing Fault Calculation X
Set options for pre-fault conditions
(®) Default OLinear power flow () Sépjiﬁdegu\;ohage at  ()FLAT Classical Apply

Select faults to app

Three phase fault [(Line Line to Ground (LLG) fault [(Line Out (LOUT) fault
[Line to Ground (LG) fault [(Line to Line (LL) fault [CLine End (LEND) fault
Represent DC lines and FACTS devices as load Apply transformer impedance correction to zero sequence
Set synchronous and asynchronous machine P and Q power outputs to 0
Output I'k contributions to ™" levels away ~

Tap and phase afigle Leave tap ratios and phase shift angles unchanged ~

Subtransient ~

eave unchanged e

Generator

Shunt Leave unchanged k
Load Leave unchanged e
Pre ge option

9] All buses at spedified O Faulted bus at specified ShEaheiiiage

voltage and 0 deg voltage and 0 deg

Mumber of levels back for contribution

(®)From powey flow

, “ ” ~ it. ..

« Normally, "Polar” to see absolute value * “Check” for NCSFC | L] [ ea

 This time, set “Rectangular” to see * When considering Generator ][] [ ..
positive and reactive part. P.Q, “Uncheck” 7]

e This time, to see detall,

« To see only result, “Fault current summary table”

“I’k contributions to “N” levels away”

() selected bus subsystem Select...

(O) The fallowing buses |

Subtransient

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

" Eieciic Power
NCSFC (Result)

NIPPON KOEI

W Case : WF_base.sav
(Considering synchronous and asynchronous machine P and Q power)

AT BUS 1 [FARM MV 33.e8@] AREA 1 *== FAULTED BUS IS: 1 [FARM Mv 33.00@] =** @ LEVELS AWAY ==
PRE FAULT (kV L-G) VA:18.10+j8.22

POST FAULT (kV L-G) V+:0.08+j0.00 VA:5.00+j6.00 VB:0.008+j0.00 VC:0.80+j0.00

THEVENIN IMPEDANCE, X/R (PU) Z+:0.802167+j0.218856, 101.00845

pCRR— FROM -------ommo- X AREA CKT 1/Z RE(I+) IM(I+) \RE(IA) IM(IA) RE(IB) IM(IB) RE(IC) IM(IC) RE(Z+) IM(Z+) APP X/R
SYNCHRONOUS MACHINE 1 AMP/PU 165.7 2.0 -81.2 -144.5  -84.6  142.6
3 [POC MV 33.008] 1 @1 AMP/PU 73 ¥&J3-6 8.3 -7593.6 -6576.4 3796.5 6576.1 3797.9 0.000000 ©.000000 0.00000
INITIAL SYM. S.C. CURRENT(I"'k)(RMS) AMP 166.0 -759176 -7591.6 -6657.5 3652.@ 6491.5 3939.6
I" 'k (MAG/ANG) AMP 7593.4 -88.75 4 -88.75 7593.4 151.25 7593.4  31.25
Generator Output : 9OMW + OMVAR (V=0.9499)

B Case: WF _NCSFC.sav
(Set synchronous and asynchronous machine P and Q power outputs to 0)

AT BUS 1 [FARM MV 33.008] AREA 1 =#= FAULTED BUS IS: 1 [FARM MV 33.e8@] *=** @ LEVELS AWAY ===
PRE FAULT (kV L-G) VA:17.90+j0.82

POST FAULT (kV L-G) V+:0.08+j0.00 VA:0.00+j0.80 VB:0.00+j0.80 VC:0.08+j0.00

THEVENIN IMPEDANCE, X/R (PU) Z+:8.002167+30.218857, 181.08823

THREE PHASE FAULT - - - - oo oom oo X
) (R FROM —-—coommmees X AREA CKT I/Z RE(1+) IM(I+)~\RE(IA) IM(IA) RE(IB) IM(IB) RE(IC) IM(IC) RE(Z+) IM(Z+) APP X/R
NON-CONVENTTONAL FAULT SOURCE 1 AMP/PU 8.0 8.0 -192.5 -166.7 96.2  166.7 96.2

3 [POC MV 33.008] 1@ AMP/PU -177.7 -7604.6 -6496.9 3956.2 6674.6 3648.4 ©.000000 ©.000000 ©.00000
INITIAL SYM. S.C. CURRENT(I''k)(RMS) AMP -98.2 -7708. -98.2 -7700.8 -6624.8 3928.5 6714.2 3772.3
I''k (MAG/ANG) AMP 7701.4 -98.67 7/9d_ -90.67 7761.4 149.33 7701.4  29.33
OMW + 11 MVAR (Rated Capacity 10MVAX1.1)
26
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Comparison of Short-Circuit Calculation

'CHUBU

PSS@E *

Chubu Electric Power

Reactance of

Xd” (Xd’, Xd)

Xd’ (Xd” is used for calculation of

Generator electromagnetic induction voltage)
P, Q of * Add P to active current & Add Q to * Not considered
Generator reactive current
(Conventional (Based on the steady- state power
Machine) flow calculation)
* Not considered
P, Q of * Add P to active current & Add Q to * Add rated current of inverter times X
Generator reactive current to reactive current
(Inverter) (Based on the steady- state power (Grid Interconnection Rule in Japan
flow calculation) ' X=1.1~1.5)
* Voltage dependent
(Per unit of rated current)
» Time dependent
Terminal * Vt: Result of power flow calculation « Vt=1.0pu
Voltage of » Vit = Specified Voltage (e.g. 1.0pu)
Generator

* PSS@E has many other optional functions for short circuit calculations.

27

© Chubu Electric Power Co., Inc. and Nippon Koei Co., Ltd. All rights reserved.

¥ Electric Power
NIPPON KOEI



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

28

CHUBU

Electric Power

NIPPON KOEI


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

CHUBU
Electric

lectric Power

NIPPON KOEI

PSS/E Renewable Energy Model

Sep, 2022

Chubu Electric Power Co., Inc.
Nippon Koel Co., Ltd.


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

'CHUBU

¥ Electric Power

Table Contents NIPPON KOE!

1. PSSE Renewable Energy model Overview
2. Generic Model schematic(Wind, Battery)

3. 2nd generation RE model
1. Plant Control model (REPCAL (Wind, PV, Battery))
2. Generator model (REGCA1 (Wind, PV, Battery))
3. Electrical Control model
1. REECA1 (Wind, PV)
2. REECBL (PV)
3. REECCULl(Battery)
4. SIM result example

1. frequency control

2. voltage control
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Electric Power

PSS/E Renewable Energy Model overview Tenon o

IEEE 1547 Evolution of Grid Support Functions

First
|EEE 1547-2003 * Shall NPT actively regulate voltage Generation
* Shall trip on abnormal voltage/frequency.
\ _ ) Model
|EEE 15472-2014 * May a.ctwely regulate voltage
* May ride-through abnormal voltage/frequency
(Amendment 1) .
* May provide frequency response! (frequency droop).
- 4 g Second
" i Generation
[+ Shall be capable of actively regulating voltage ) Model
« Shall be capable of frequency response?
* Shall ride-through abnormal voltage/frequency
. * May provide inertial response.? )

!Freguency response is the capability to modulate power output as a function of frequency.

*Mandatory capability for categories 1l and Il under high-frequency conditions, mandatory for categories Il and Il under low-frequency
conditions, optional for Category 1

Inertial response is the capability for DERs to modulate active power in proportion to the rate of change of frequency.

Source : Highlights of IEEE Standard 1547-2018 (NREL) (Revised by Chubu)

31
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NIPPON KOEI

B Second Generation

» LVRT (Low Voltage Ride Through)
» Voltage Control (Droop Control)
» Frequency Control (Droop Control)

» Momentary Cessation (Inverter Block and Recovery)

B In the Future

» Inertia Control (Synthetic Inertia)

32
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9 Electric Power
NIPPON KOE]I

B First Generation

' BESS
Model (Battery Energy

Storage
Generator

/Converter WT3G2 WT4G2 PVGUL GBS

Electrical WTA4E1,
Mechanical PANELU1
(Drive Train) UL WT3T1 (Panel’s output

curve)
' IRRADU1
Flteh WT3P1
Control

(Solar irradiance
profile)

WT1G1  wr2Gc1 v i3el. WG,

Aero Dynamic

/Pseudo WT12A1
Governor

33
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B Second Generation

: BESS
wind (W3EWA

Generator REGCAL (Current source model)

/Converter REGCB (New model : Voltage source model)
: REECA1 (Wind, PV)
Electrical REECB1 REECC1

Control REECDU1 (New model: Recommended for Wind, large scale PV, BESS)

Mechanical WTDTAL, WTDTB*
(Drive Train)
Pitch Control WTPTAL, WTPTB*
WTARAL

Torque Control WTTQAL

Plant Control
Auxiliary Control

_ WTGWGOA*
Weak Grid (Reduce Pref for post-fault
recovery)

IBFFR (nertia WTGIBFFRA*

CESL OIS ECIENEELEEIVELDE  (Synthetic Inertia)
* Currently under development and/or being tested

REPCA1, REPCC*

34
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PSS/E Renewable Energy Model e

B Grid Support Function (Second Generation)

PSS@E Model

LVRT REGCAl REECAL, If VDL is used, LVPL
(by LVPL(Low REECC1, EECDU1 should be off.
(Low Voltage
Ride Through) Votage_Power (by VDL(VoIFage
Logic)) Dependent Limit))

REECAL, REECBI1, Droop control
viellettjsichniiel REECCL, REECDU1 ~ REPCAL oy control)
Frequency Droop control
EPEAL (@i control

REECAL :

Momentary REECAL REECCL Delay in P Recovery
Cessation (by VDL) (using Thid2)

(Inverter Block _

and Recovery) REECDU1 Del_ay in PQ Recovery

(by Vblkl , Vblkh) (using Thblk)

Inertia Control Under development

(Synthetic WTGIBFFRA*

Inertia)

35
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Pref0

Pe

Wind Power Generic Model schematic

v

'CHUBU

Electric Power

NIPPON KOE]I
Vreff\Vreg or Wreffireg or
QreffQgen Freq_ref/Freq and Grefifigen Freq_refiFreq and
At plant level Plant_prefiPgen Atplant level plant_preffFaen
repc_a repc_a
Plant Level Contral Plant Level Control
vt Wi
l | reecay T ! ' “reecay 7 i v
Qref —L— | rege_a Qref A } regc_a
i lgemd’ lgcmd re lgemd’ lgemd
(or Qext) " Q Control - —=Ig {or Qext) Q Control ‘ —= Iq
Qgen—llb Current ! Generator/ Ogen—— Current |i Generator/
wigtrg_a ! Limit || Converter Limit |1 Converter
TcTrque Pref j_ Ipcrmd’ Logic :pcmd Model Logic }I d Model
I crm
Control (or TExt) r P Control ! Ip e Pref —b" P Control Ipemnd’ o : P L .p
" : — Pord | (or TEx) |
Iy [ — F W A — —— |
Wref spd L spd % 1
wigL 3 .
Y v Pgflag Drive-Train
wigpt_a 0 wigar_a Pm wtgl_a _ =1(P priority) Fqﬁﬂg .
Pitch-Control —= Aero  |—= Drive-Train =0 (Q priority) =1 (P priority)
T f\ = 0 (Q priority)
-

36

Source: Siemens 19-21 June 2018 | European PSS® UGM
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- . ¥ Electric Power
BESS Generic Model schematic NIPPON KOE!
R REPCA lV _________________ REEC_C ,____I_’:E__RE_QC A
Voeg = o L |
K’ef —’:+ Plant level : ! Zext : ‘ chmd’ | chmd : EI(]
Orer —E"* V/Q control | i © control Current | ' |Generator| | Network
branch_r.' E i limit i i i .
ref —— % Plant level | | | Lo logic Ly model | | I solution
branch ———— i P ! pem ,peme . P
Fregres—— P control —?—f.’"“ P control i : :
Fregr—= ; | : i i
------------------------------ Patag TT
= | (P priority) SOC/Pyen
=0 (Q priority)

Source: Wecc battery storage dynamic modeling guideline
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Plant Control model (REPCA1 (Wind, PV, Battery))

'CHUBU

¥ Electric Power

NIPPON KOE/
Line drop compensation
loranzh 1 Vref|
;: | Vt—(Rc + | Xc) lpranen | _0\ VCFlag | 1 + Fleeﬁ <Sl\7;.re252 if
: st ’é Voltage control I e
s0 51 omax />
Vit
Qe . Qbrancs i e b1 | / /— R KP+& L=l 1+sT, Qref
— ke > 9 i | dbd2 j ¥l S 1+sT r
kel trol ’ . s =y
= contro
Droop control aref Q
Plant_ref
Frequency control flag
Frequency control p ?1 Prof
branch K, |, 1 Ffiag .
— P g7 = >
s5 sb 0

38

Freq
(from POIL '.( ) »

:

idbd1
fdbd2

Freq_ref

Ddn

Droop control

Dup

-

frequency;” m—

power
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Plant Control model (REPCA1 (Wind, PV, Battery))

'CHUBU

Electric Power

v

NIPPON KOEI
ICONs Value Description -
M Bus number for voltage control; local control if 0 CONs Value Description
M-+1 Monitored branch FROM bus number for line drap compensation (if| |J+17 Tp, Real power measurement filter time constant (s)
0 generator power will be used) J+18 fdbd1, Deadband for frequency control, lower threshold (specified
M+2 Monitored branch TO bus number for line drop compensation (if 0 as per unit frequency deviation) (<=0)
generator power will be used) J+19 fdbd2, Deadband for frequency control, upper threshold (specified
M+3 Branch circuit id for line drop compensation (enter in single quotes) as per unit frequency deviation) (>=0)
(if 0 generator power will be used) —
1+20 femax, frequency error upper limit (pu)
M-+4 VC Flag (droop flag): - —
J+21 femin, frequency error lower limit (pu)
* 0:with droop if power factor control 1422 Pmax, upper limit on power reference (pu)
« 1:with line drop compensation J+23 Pmin, lower limit on power reference (pu)
M+5 RefFlag (flag for V or Q control): J+24 Tg, Power Controller lag time constant (s)
J+25 Ddn, reciprocal of droop for over-frequency conditions (pu)
¢ 0:Q control - —
J+26 Dup, reciprocal of droop for under-frequency conditions (pu)
+ 1:voltage control
M+6 Fflag (flag to disable frequency control): STATEs Description
« 1: enable control K Voltag.]e Measurement fll.ter
K+1 Reactive power control filter
* O:disable K+2 PI controller for reactive power
CONs Value Description K+3 Lead-lag in reactive power path
J Tfltr, Voltage or reactive power measurement filter time constant (s) Kad Real power filter
jﬁz E.p,RReacFlve powerPITI contr{l)l. proporltlor?al(gm)n (pu) K+5 PI controller for real power
t t t -
i - eac N_e POWET T controf integral gain tht K+6 Power controller first order lag
J+3 Tft, Lead time constant (s)
J+4 Tfv, Lag time constant (s)
J45 Vfrz, Voltage below which State s2 is frozen (pu) VARS Description
J+6 Re, Ll.ne drop compensatl.on resistance (pu) i Reference for valtage control (Vref)
J+7 Xc, Line drop compensation reactance (pu) <
_ _ _ L+1 Reactive power reference (Qref)
J+8 Kc, Reactive current compensation gain (pu) 7 :
J+9 emax, upper limit on deadband output (pu) L+2 Freguency reference (Freq_ref)
J+10 emin, lower limit on deadband output (pu) L+3 A-ctlve Power reference (Plant pref)
J+11 dbd1, lower threshold for reactive power control deadband (<=0) L+4 Line flow P MW
J+12 dbd2, upper threshold for reactive power control deadband (>=0) L+5 Line flow Q MVAr
J+13 Qmax, Upper limit on output of VIQ control (pu) L+6 Line flow MVA
J+14 Qmin, Lower limit on output of VIQ control (pu) L+7 QIV Deadband output
J+15 Kpg, Proportional gain for power control (pu) L+8 Frequency deadband output
J+16 Kig, Integral gain for power control (pu)
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Generator model (REGCA1 (Wind, PV, Battery)) Tenon o

ICON Value Description

M Lvplsw (Low Voltage Power Logic) switch (0: LVPL not present, 1:LVPL
present)
Measure for high voltage
-[qrma T TS Value Description
chmd ] / 7/ ' ] T, Converter time constant (s)
o . — Lo : i imi
Upward rate limit on /; active when Qyeyo > 0 1 +5sT, olim : j+; ErEV\:’ 5);: V;)Itagte P_O\tn.rer Lﬁglc (;V(PL))ramp rate fimit (pu/s)
o ) i + rkpt, characteristic voltage 2 (pu
Downward rate limit on I, active when Qyeno <0 fqrmin Vi — ! 1+3 Zerox, LVPL characteristic voltage 1 (pu)
. Vi < Vaiim & RV > Vg 4 Lvpl i
= pl1, LVPL gain (pu)
+ 1]
I—VPL & ra m p rate ||m It © 0 : J+5 Volim, Voltage limit (pu) for high voltage reactive current manage-
hv i Y ment
Lgvﬁr& High voltage reactive: Interfa) J+6 Lvpnt1, High voltage point for low voltage active current manage-
- i to ment (pu)
Ipcmd 1 9 [p boooeeoon .o SUITENE MANagement | networi J+7 Lvpnt0, Low voltage point for low voltage active current manage-
Low —1{FsT mode ment (pu)
voltage £ J+8 lolim, Current limit (pu) for high voltage reactive current manage-
[VPL power . Low voltage ment (specified as a negative value)

Lupisw logic glam ar‘;';;z;:g:g: 149 Tfltr, Voltage filter time constant for low voltage active current man-

0 Lo agement (s)
Lo~ i - 4 1 - - J+10 Khv, Overvoltage compensation gain used in the high voltage reac-

gain
1 / [+ sTp 0 tive current management
1 I \Y v J+11 Igrmax, Upper limit on rate of change for reactive current (pu)
low voltage Zerox B lpnto Dot Le12 Igrmin, Lower limit on rate of change for reactive current (pu)
Accel, acceleration factor (0 < Accel <= 1)
Measure for low voltage

power logic SW

40

STATEs Description

K Converter lag for [pcmd

K+1 Converter lag for Igcmd

K+2 Voltage filter for low voltage active current management
VARs Description

L Previous terminal voltage

L+1 Previous terminal voltage angle

L+2 Reactive current overvoltage correction

L+3 Initial machine reactive power from power flow
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Electrical Control model (REECA1 (Wind, PV))

Voltage compensation in case of fault

'CHUBU

Electric Power

v
NIPPON KOEI

Steady state Q control
by external

41

Clmin_ T _/
Ymin |

a2 -
“min

voltage control |

Qelec

Vbias
+

Wt _fillt
(s0)

g3
Igmin

Freeze State if
Woltage dp =1
I

¥

1

1+sTig

=

i

(s0)

generator speed from

Active current
depends on speed

drive train model

Pq

Pref

dPmax
/7 _IPFIag
/ - SRS A

Wi 1 - dbd1 Varr e lqv
T+sTrv Vi_fil dbd2 . = L
™ =N =)
s0 1 — 1=
nr gain a3 .
refy {Iginj=0)
PF Control Freeze Siate if Voltage_dp =1
TR 1
I Wi 1 | Iqinj
P ; /_max . ! /_qma.x N qmax
WFlag /_ y QFlag
+ Kap + Kaqi A 1 + Kvp + Kvi 1
S '—O_' s | I d
0 I q cm

Freeze State if Voltage_dp = 1

\

dPmin

~ -

1+ s Tpord
/ =5
Prmin

VDL2 Current |- Fansg

Lint Logee | 9 — 2 Doy

l/__ 1—F priority

| Normally,

Vi_filt )
(s0) |
I
1

P is prioritized
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. Electric Power
VDL (voltage Dependent Logic) NIPPON KOEI
I n
Current Voltage depende t: :
us151: (0.1006,1.0997) :
1.0 - L o o o
g 0.8 1 |q
3 0.6 - dead-band
E I p ,§ P S S busZOG'é(O 7607,0 ug) ==:CiP
g 0.4 i ,, _§ . M E —C.Q
S # —— : :
- suU Yy . M
£ 021 / 43018: (0.97,0.15
5 y I P T
[ ’ .
& 00 4 .
-0.2 - l Normally, when voltage is
Q absord rated voltage(1 p.u.),
v Ll Ll v Ll L4 L Ll L L Ll Ll Ip:]-, Iq =O
01 02 03 04 05 06 0.7 08 09 10 11 12 13
NCS Machine Bus Positive Sequence Voltage (pu)
voltage
In case of voltage drop, Ip is reduced and Iq is increased
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'CHUBU

¥ Electric Power

NIPPON KOE]I
CONs Value Description
ICONs  |Value Description J+10 Thlid (s), Time for which Iginj is held at Igfrz after voltage dip returns
M Bus number for voltage control; local control if O to zero (see Note 3)
M PRRLAG: J+11 Thid2 (s) (=0), Time for which the active current limit (IPMAX) is held
* 1if power factor control at the faulted value after voltage dip returns to zero
* 0if Q control (which can be controlled by an external signal) J+12 Tp (s), Filter time constant for electrical power
M+2 VFLAG: J+13 QMax (pu), limit for reactive power regulator
+ 1ifQ control J+14 QMin (pu) limit for reactive power requlator
+ 0if voltage control J+15 VMAX (pu), Max. limit for voltage control
M+3 QFLAG: J1+16 VMIN (pu), Min. limit for voltage control
» 1if voltage or Q control J+17 Kqp (pu), Reactive power requlator proportional gain
« 0if constant pf or Q control J+18 Kqi (pu), Reactive power requlator integral gain
M+4 PFLAG: J+19 Kvp (pu), Voltage regulator proportional gain
« 1if active current command has speed dependency J+20 Kvi (pu), Voltage regulator integral gain
+ 0 for no dependency J+21 Vbias (pu), User-defined bias (normally 0)
M+5 PQFLAG, PIQ priority flag for current limit: 1422 Tiq (s), Time constant on delay s4
« 0 for Q priority J+23 dPmax (puls) (>0) Power reference max. ramp rate
« 1 for P priority J+24 dPmin (puls) (<0) Power reference min. ramp rate
425 PMAX (pu), Max. power limit
J+26 PMIN (pu), Min. power limit
J+27 Imax (pu), Maximum limit on total converter current
CONs Value Description 1+28 Tpord (s), Power filter time constant
J I\/Odgiipc(pu), low voltage threshold to activate reactive current injection 1129 Vq1 (pLI), Reactive Power V-l pair, voltage
J+1 V.up (pu), Voltage above which reactive current injection logic is ac- J+30 |C|1 (pu), Reactive Power V-I pa'lr, current
> ?rvva;;d VoTtage Fier e constant J+31 Vg2 (pu) (Vq2>Vq1), Reactive Power V- pair, voltage
J+3 dbd1 (pu), Voltage error dead band lower threshold (<0) 132 Iq2 (pu) (Ig2=1q1 ). Reactive Power V/-| pair, current
T4 dbd2 (pu), Voltage error dead band upper threshold (=0) J+33 Vg3 (pu) (Vg3>Vg2), Reactive Power V- pair, voltage
J+5 aKg: izl:]){iiﬁiiitive current injection gain during over and undervolt- T34 |q3 (pu) {Iq3>lq2), Reactive Power V-l pair, current
J+6 Iqh1 (pu), Upper limit on reactive current injection Iqinj J+35 Vg4 (pu) (Vg4>Vg3), Reactive Power V-l pair, voltage
147 Iq11 (pu), Lower limit on reactive current injection lqinj J+36 1q4 (pu) {|q4>|q:.3)r Reactive Power V-1 pair, current
148 l/erre:q()in(glu\:&lg;;;)deflned reference (if 0, model initializes it to initial 737 Vp1 (pLI), Real Power Vi pair, Voltage
J+9 Igfrz (pu), Value at which Iginj is held for Thid seconds following a J+38 Ip1 (pu), Real Power V-I pair, current
voltage dip if Thid > 0 J+39 Vp2 (pu) (Vp2>Vp1), Real Power V-I pair, voltage
J+40 Ip2 (pu) (Ip2>Ip1), Real Power V-1 pair, current
J+41 Vp3 (pu) (Vp3=Vp2), Real Power V-l pair, voltage
J+42 Ip3 (pu) (Ip3>Ip2), Real Power V-1 pair, current
J+43 Vp4 (pu) (Vp4=>Vp3), Real Power V-1 pair, voltage
J+44 Ip4 (pu) (Ip4>Ip3), Real Power V-I pair, current
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Electrical Control model (REECA1 (Wind, PV)) o Koer

STATEs Description

K Voltage Measurement filter

K+1 Real power filter

K+2 Pl controller for reactive power

K+3 Pl controller for voltage error

K+4 First Order lag for reactive current

K+5 First order lag for Pord

VAR Description

L Bus reference voltage (Vref0)

L+1 Storage of current state for state transition (possible values: 0, 1 or 2)

L+2 Power factor reference angle (pfaref), radians

L+3 user defined bias as calculated by the model

L+4 Timer for Thld counter

L+5 Previous value of power reference

L+6 Stored Ipmax value

L+7 Timer for Thld2 counter

L+8 Storage for voltage_dip (used only when Thid2 > 0)
44
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Electrical Control model (REECA1 (Wind, PV)) o Koer

1. This model can be used with Type 3 and 4 wind machines. When used for modeling of Type 3 wind machine, the other models to be used along with this model
are regcal, repctal (optional), wtdtal,wtptal, wtaral, wttgal. When used for modeling of Type 4 machines, the other models to be used along with this control
model are regcal, wtdtal, and repcal (optional).

2. When used for modeling Type 3 machines set Pflag (i.e., ICON (M+4)) to 0. Speed dependency will be simulated by the Torque controller (WTTQAL).
3. Thid could be either zero, or less than zero or greater than zero.

a) If Thid > 0, then once voltage_dip (voltage_dip is a flag which is set and reset in the model. Voltage_dip is 0 if the Vdip<VT<Vup, else it is 1) becomes 0, Iginj is
held at Igfrz for Thld seconds.

b) If Thid < 0, then once voltage_dip goes to 0, Iginj remains state (equal to Iqv) for Thld seconds.

¢) If Thid = 0, then Iginj goes back to zero as soon as Voltage_dip becomes 0.

4. pfaref (the power factor angle reference) value is initialized by the model based on initial real and reactive power outputs from the machine.
5. wg is the per unit generator speed and is set in the drive train model.

6. Qref is initialized by the model to a constant or can be connected to an external plant controller model).

7. Pref is initialized by the model to a constant or can be connected to an external plant controller model).

8. Normally Vbias is zero. The user specified Vbias value (which is in CON(J+21)) is used only when the QFlag=1, VFlag=0 and PfFlag=0. For all other
combinations of QFlag, VFlag and PfFlag values, the Vbias value is either not required or is calculated and stored in VAR(L+3).

9. ICON(M) contains the remote bus number. If this is 0 or if the remote bus number is not specified then the local bus is used for control.
10. The VDL1 characteristics are defined by 4 pairs of Vg-Iq points (pu voltage versus reactive current).

Data for the first two pairs (Vgl, Ig1) and (Vg2, 1g2) is mandatory (i.e., these cannot be specified as zero). A maximum of 4 pairs of Vg-Iq points can be specified.
The first Vg entry that has a zero value, signals the end of Vg-lq data. Unused Vg- Iq pairs should be entered as zero. The Vg-lg values should be such that Vql <
Vg2 <Vqg3 <Vag4, and Iq1 <192 <1q3 < Ig4.

11. The VDL2 characteristics are defined by 4 pairs of Vp-Ip points (pu voltage versus active current). Data for the first two pairs (Vp1, Ipl) and (Vp2, Ip2) is
mandatory (i.e., these cannot be specified as zero). A maximum of 4 pairs of Vp-Ip points can be specified. The first Vp entry that has a zero value, signals the end
of Vp-Ip data. Unused Vp- Ip pairs should be entered as zero. The Vp-Ip values should be such that Vp1 < Vp2 <Vp3 <Vp4, and Ip1 < 1p2 < Ip3 < Ip4
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Vi 1 . dbd1 ‘ / Verr lqv
— e »| K
T+sTrv Vi_filt / ‘ dbd2 ¥z
Fa EL_| =w
= —=
s0
If (VT < Vdip) or (Wt >Vup) Voltage_dip =1
else Voltage_dip =0 Vrefy
Freeze State if Voltage_dp =1
ITLTL LTl T Tl TTITTIT T TTTITTITTTTT T T 1
| Iginj
faref ' Vmax | lgmax q
: m Qmax '+ /— Vmax ." /— + lgmax
> {TsTp S O + Kap + Kqi 1 + Kvp + Kvi
Pelec 3 5 s I
s1 ext ———O 0 T -
| o _ +Igcmd
PfFlag Gy —/ * 0 Vmin _/ s3 0 Igmin | q
T A lgmin A !
| |
Qelec Freeze State if I |
Vi filt  Voltage_dp = 1 : :
(50) I | |
¥ o
| |
1 I I
1+sTig : *
s4

Current  |«g— Pafiag

Limit Logic | 9—@ prosity
1 - F priority

Freeze State if Voltage_dp = 1

Vi_filt
(s0)

[}
1
1
1
: Pmax
dPmax * /_
Pref /_ 1 Pord
j ® 1 +sTpord
dPmin _/ sb
Pmin
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46


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

'CHUBU

Electrical Control model (REECB1 (PV)) o

ICONs Value Description WCONs Value Description
M Bus number for voltage control; local control if 0 J+14 Kgp (pu), Reactive power regulator proportional gain
M+1 PFFLAG (Power factor control flag): J+15 Kqi (pu), Reactive power regulator integral gain
J+16 Kvp (pu), Voltage regulator proportional gain
* 1if power factor control 1417 Kvi (pu), Voltage regulator integral gain
» 0if Q control (which can be controlled by an external signal) J+18 Tiq (s), Time constant on delay s4
M+2 VELAG: J+19 dPmax (puls) (>0) Power reference max. ramp rate
J+20 dPmin (puls) (<0) Power reference min. ramp rate
* 1irQ control J+21 PMAX (pu), Max. power limit
- 0if voltage control 422 PMIN (pu), Min. power limit
M+3 QFLAG: J+23 Imax (pu), Maximum limit on total converter current
J+24 Tpord (s), Power filter time constant
+ 1if voltage or Q control
» 0if constant pf or Q control
M+4 PQFLAG, PIQ priority flag for current limit:
« 0 for Q priority
« 1 for P priority STATEs Description
CONs Value Description K Voltage Measurement filter
] Vdip (pu), low voltage threshold to activate reactive currentinjection| | K+ Real power filter
logic K+2 Pl controller for reactive power
J+1 Vup (pu), Voltage above which reactive current injection logic is ac-| |K+3 PI controller for voltage error
tivated K+4 First Order lag for reactive current
1+2 Trv (s), Voltage filter time constant K+5 First order lag for Pord
J+3 dbd1 (pu), Voltage error dead band lower threshold (<0)
J+4 dbd?2 (pu), Voltage error dead band upper threshold (=0)
J+5 Kgv (pu), Reactive current injection gain during over and undervoli-
age conditions VAR Description
J+6 Igh1 (pu), Upper limit on reactive current injection Iginj L Bus reference voliage (Vref0)
+7 Igi1 (pu), Lower limit on reactive current injection Iqinj L+1 Power factor reference angle (pfaref), radians
1+8 VrefO (pu), User defined reference (if 0, model initializes it to initial| [L+2 Real current command (Ipcmd)
terminal voltage) [+3 Reactive current command (Igcmd)
J+9 Tp (s), Filter time constant for electrical power
J+10 QMax (pu), limit for reactive power regulator
411 QMin (pu) limit for reactive power regulator
412 VMAX (pu), Max. limit for voltage control
J+13 VMIN (pu), Min. limit for voltage control
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Electrical Control model (REECB1 (PV)) o

1. pfaref (the power factor angle reference) value is initialized by the model
based on initial real and reactive power outputs from the machine.

2. Qref is initialized by the model to a constant or can be connected to an
external plant controller model).

3. Pref is initialized by the model to a constant or can be connected to an
external plant controller model).

4. ICON(M) contains the remote bus number. If this is O or if the remote bus
number is not specified then the local bus is used for control.

5. In using REECBL1 to model large scale PV, the other models to be used
along with this model are REGCA1 and REPCAL1 (optional)
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: " dbd1 dbd2 Lgpn
IF(Fi< Vdip) or (Fy>= Vup) V _ I t_filt Vc[.r _lr r
then ! L+ sTw
Voltage dip=1
else
Voltage dip=0 Ven (user defined)
Freeze state if Voltage dip =1
A Ll
I Py Q“_‘:“ v/ Flag Vinax t /i - Or o 7
P, —» [TsT) (%) o + ol Kop +ﬁ | ol i Ko+ Ky, F dlg +y qmax
- 0 - s O .
pfﬁ'.“ef Qmiu v - 0 Vmiu - —7 . 0 -/ i chrnd
cht le:n min Vi 6 quin E Jrqmin? i
(O.x is initialized to a l" P
constant, or can be . iFer b
connected to an external e VDLI1 .
model.) Current
VDL2 limit ~-—— P Qﬂ_ag )
_..- logic | 0-Qpriority
Vl—ﬁh Freeze state if Voltage dip =1 I L - P priority
deax. ‘Ii {?Eax ] maxi
(P is initialized to a Pt - 1 Por y 4 oo
constan zan by re 1 +5sT ; o
: ‘ L or [_.:_ll] e , pord A Ip : |
connected to an external dP,,;, P : ;
model. P. ! :
) Vi fine e
Ip range is decided by SOC ol P
SOCpax P

If SOC==80Cmax

chu — > % s _//- SO-(': Ip m|n=0 B [ttt [ :
T S0C e‘f‘;‘fni‘;f:focmin |specific manufacturer requirements
50Cn : SOC max =0.8, SOC min = 0.2

Full charge — discharge
Empty —charge
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'CHUBU

Electric Power

ICONs Value Description
M Bus number for voltage control; local control if 0
M+1 PFFLAG (Power factor control flag):
« 1 if power factor control
« 0if Q control (which can be controlled by an external signal)
M+2 VFLAG:
+ 1if Q control
+ 0if voltage control
M+3 QFLAG:
« 1if voltage or Q control
» 0if constant pf or Q control
M+5 PQFLAG, PIQ priority flag for current limit:
+ 0 for Q priority
« 1 for P priority
CONs Value Description
] Vdip (pu), low voltage threshold to activate reactive current injection
logic
J+1 Vup (pu), Voltage above which reactive current injection logic is ac-
tivated
J+2 Trv (s), Voltage filter time constant
J+3 dbd1 (pu), Voltage error dead band lower threshold (<0)
J+4 dbd?2 (pu), Voltage error dead band upper threshold (=0)
J+5 Kqv (pu), Reactive current injection gain during over and undervolt-
age conditions
J+6 Igh1 (pu), Upper limit on reactive current injection Iginj
1+7 Igl1 (pu), Lower limit on reactive current injection Iqinj
J+8 VrefO (pu), User defined reference (if 0, model initializes it to initial
terminal voltage)
J+9 Tp (s), Filter time constant for electrical power
J+10 QMax (pu), limit for reactive power regulator
J+11 QMin (pu) limit for reactive power regulator
J+12 VMAX (pu), Max. limit for voltage control
J+13 VMIN (pu), Min. limit for voltage control
J+14 Kgp (pu), Reactive power regulator proportional gain

NIPPON KOE]I
CONs Value Description
J+15 Kqi (pu), Reactive power regulator integral gain
J+16 Kvp (pu), Voltage regulator proportional gain
J+17 Kvi (pu), Voltage regulator integral gain
J+18 Tig (s), Time constant on delay s4
J+19 dPmax (puls) (>0) Power reference max. ramp rate
1+20 dPmin (puls) (<0) Power reference min. ramp rate
J+21 PMAX (pu), Max. power limit
J+22 PMIN (pu), Min. power limit
1423 Imax (pu), Maximum limit on total converter current
J+24 Tpord (s), Power filter time constant
J+25 Va1 (pu), Reactive Power V-I pair, voltage
J+26 Iq1 (pu), Reactive Power V-I pair, current
1+27 Vg2 (pu) (Vq2>Vq1), Reactive Power V-| pair, voltage
J+28 12 (pu) (Ig2>Iq1), Reactive Power V-I pair, current
J+29 Va3 (pu) (Vg3>Vq2), Reactive Power V-l pair, voltage
J+30 193 (pu) (Ig3=Ig2), Reactive Power V-I pair, current
J+31 Va4 (pu) (Vg4=Vq3), Reactive Power V-l pair, voltage
J+32 1g4 (pu) (Ig4=Ig3), Reactive Power V-l pair, current
J+33 Vp1 (pu), Real Power V-I pair, voltage
J+34 Ip1 (pu), Real Power V-I pair, current
J+35 Vp2 (pu) (Vp2>Vp1), Real Power V-l pair, voltage
J+36 Ip2 (pu) (Ip2>Ip1), Real Power V- pair, current
J+37 Vp3 (pu) (Vp3>Vp2), Real Power V-1 pair, voltage
J+38 Ip3 (pu) (Ip3=Ip2), Real Power V-1 pair, current
J+39 Vp4 (pu) (Vp4>Vp3), Real Power V-1 pair, voltage
J+40 Ip4 (pu) (Ip4=Ip3), Real Power V-1 pair, current
J+41 T, battery discharge time (s) (=0)
J+42 SOCini (pu), Initial state of charge
J+43 SOCmax (pu), Maximum allowable state of charge
J+44 SOCmin (pu), Minimum allowable state of charge
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Electrical Control model (REECCU1(Battery)) Y

STATEs Description
K Voltage Measurement filter
K+1 Real power filter
K+2 Pl controller for reactive power
K+3 Pl controller for voltage error
K+4 First Order lag for reactive current
K+5 First order lag for Pord
K+6 Energy output from battery
VAR Description
L Bus reference voltage (Vref0)
VAR Description
L+1 Power factor reference angle (pfaref), radians
L+2 Real current command (Ipcmd)
L+3 Reactive current command (Ilgcmd)
L+4 Battery Residual Energy
L+5 Auxiliary input signal, Paux

o1

NIPPON KOEI
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Electrical Control model (REECCU1(Battery)) Tenon o

1. pfaref (the power factor angle reference) value is initialized by the model based on ini- tial real and
reactive power outputs from the machine.

2. Qref is initialized by the model to a constant or can be connected to an external plant controller model).
3. Pref is initialized by the model to a constant or can be connected to an external plant controller model).

4. ICON(M) contains the remote bus number. If this is O or if the remote bus number is not specified then
the local bus is used for control.

5. SOCini represents the initial state of charge on the battery and is a user entered value. This is entered
in pu; with 1 pu meaning that the batter is fully charged and 0 means the battery is completely
discharged.

6. SOCmax is the maximum allowable state of charge. By definition the maximum value would be 1 pu;
however it may be set to a smaller value (e.g., 0.8 pu) to represent specific manufacturer requirements
that the battery will remain at or below a certain charging level (e.g., 80 %).

7. SOCmax is the minimum allowable state of charge. By definition the minimum value would be 0 pu;
however it may be set to a larger value (e.g., 0.2 pu) to represent specific manufacturer requirements
that the battery will remain at or above a certain charging level (e.g., 20 %).

8. Other models to be used with REECC1 are, REGCAL, and REPCA1

9. An auxiliary signal model can be attached to the signal represented as Paux. This can be used for
interfacing with supplemental models like power oscillation damping control.
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SIM example of frequency control NIPPON KOEI

Swing bus

201

GRID 2 3
POC HV POC MV
1 1
0.0 @; 0.0 -10.0 e 10.0 0.0 @: 0.0
0.0 0.0 0.1 &31&Y 0.1 0.0 0.0
1.000
110.0 1.000 1.000
110.0 33.0

Conventional
generator

Fault condition

1 Fault occurs at RE1 generator at 1sec.
2 Fault continues for 10sec.
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¥ Electric Power

With frequency control at RE generator NIPPON KOEI

REPCA : Fflag = 1

5 [Hz] g [p.u.]
m 0 1 Frequency S 002 RE generator 1 output
-0.001 ™ 0.016
S 0.001 \// > 0.012
s s L
% -0.002 = 0.008
= -0.002 % 0.004
-0.003 0
o 0 1 2 3 4 5 6 7 8 9 10 & 0 1 2 3 4 5 6 7 8 9 10
& Time (seconds) o Time (seconds)
ﬁ‘ |P— 22 -FREQ 1 [FARMMV 33.000] : test | - [F— 4-POWR 1[FARMMV 33.000]1 : test |
S [p.u. g [p.u.] .
¢l __IRE generator 2 output © ti - Conventional generator output |-
; 0.092 \ T oo
E 0.09 &‘ O 0.105
= 0.086 &
o 0 1/ 2 \\ 4 5 6 7 8 9 10 E 0 1 2 4 5 6 7 8 9 10
o Time (seconds) - Time (seconds)
- [— 5-POWR 1[EARM MV 33.000]2 : test | 0 |¥— 18 - PMEC 204 [GRID 110.00]1 : test |
RE2 contributes to improvement of frequency. Conventional generator output drops slightly,
because RE2 output increases.
RE2 contributes to improvement of frequency.
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Without frequency control at RE generator NIPPON KOE!

REPCA

: Fflag = 0O

[Hz]

-0.001

33.000]  ne

-0.002

| [FARM MV

‘\/

Frequency

02 - FREQ

[R;u-l

1

2 3 4 5 6 7
Time (seconds)

[#— 22-FREQ  1[FARMMV 33.000]: no freq control |

0.13
0.12

33.000]2  ne

0.11
0.1

RE generator 2 output

10

0.09
0.08
0.07

0.06

5 - POWR I[FARM My

55

2 3 4 5 6 7
Time (seconds)

Iz 5-POWR  1[FARM MV  33.000]2 : no freq control

10

freq

33.000]1 :no

freq ¢ 4 - POWR I[FARM MV

110.00]1 : ne

201[GRID

18 - PMEC

Lp.u.]

0.018
0.016
0.014
0.012

0.01
0.008
0.00&
0.004
0.002

[p.u.]

RE generator 1 output

Time (seconds)

[#— 4-POWR 1[FARM MV  33.000]1 : no freq control |

0.12

0.1

Conventional generator output

0.09

Time (seconds)

v 18 - PMEC 201[GRID 110.00]1 : no freq control

RE2 does not contributes to improvement of frequency.
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SIM example of voltage control NIPPON KOEI

Swing bus

201 1

GRID 2 3 FARM MV

POC HV POC MV
N N RE1

-0.0 0.0 -10.0 - _3 E - 10.0 -0.0 0.0

0.0 " 0.0 0.1 &'31&Y 0.1 0.0 " 0.0

1.000

110.0 1.000 1.000
110.0 33.0 /

Conventional Target voltage

generator

Fault condition
1 Fault occurs at No2 Bus(add -50Var) at 1.0s.

2 Clear fault at 2.0s

56
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33.000]1 :

1[FARM MV

J-ETEM

33.000]1 :

1[FARM MY

J-ETRM

voltage control
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REECDU1 : Kgv = 20 (with voltage compensation in case of fault)

5 0.15

1.6 g 01

1.2 “ .05
0.8 z

2 0

U T — Gt P %-0.05
o =
0 1 5 3 4 5 6 7 8 9 1( =

Time (seconds)

- VARS

|F— 10-ETRM NFARMMV  33.000]1 : case9 LV1 |

Even in case of fault, voltage is improved to over 0.4pu,
because of Vars injection

RE generator 1 voltage vVars{,

Mars injection

0 1 2 3 4 5 53 7 8 9 10
Time (seconds)

W— 7 -VARS 1[FARM MV  33.000]1 : case9 LV1

REECDUL1 : Kgv = 0 (without voltage compensation in case of fault)

RE generator 1 voltage Varsf{,
2 =
0.1 .. .
0.05 No Vars injection
0
0 % -0.05
0 1 2 3 4 5 6 7 8 9 10 L 01 !
Time (seconds) - 0 1 2 3 4 5 6 7 8 9 10

|¥— 10 - ETRM_ 1[FARM MV  33.000]1 : case9 LVO |

In case of fault, voltage is under 0.4pu o
57

Time (seconds)

W-— 7 -VARS 1[FARM MV  33.000]1 : case9 LVO
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(FYI) IBFFR NIPPON KOET
—_——————————————————————————————————————————————————————————————————————————————————————————————————————
IBFFR Model (Modeled as Paux Controller)

WTGIBFFRA:
« new model, currently being tested.

- Used for Type 3 & 4 wind machines. IBFFR stands for Inertia-Based Fast Frequency Response

+ This is also referred to as “synthetic inertia” or “emulated inertia”. This is a supplemental control and is
initiated only for under-frequency events

i Pret

Wi
dPTI'EI]
E
= I—{J—O—N

¥ 1
o1 2 3 4 E & T B B 10
1 2 3 4 5 & 7 & @ 1o Time (seconds)
Time [seconds) Resulting Pgen output of generator
Page 48  Resticted | @ Siemens 2022 | PS5® User Group Meeting - India and ME 2022 SIEMENS
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(FY1) Momentary Cessation NIPPON KOEI

Using REECD for Modeling Large Scale PV with Momentary Cessation

) REECD CON REECD model | Typical Values used
&= :r ) CON number
<. Fig A vblkl, Volkh, Tblk J+7athrough | 0.5py, 1.2py, 0.5

_ J+76

When the voltage at the inverter bus (Fig. A)
15 less than Vblkl the mmverter blocks (Fig. B)

Inverter blocks
(momentary cessation)

Time

Page 62  Resfricted | & Siemens 2022 | PSS® User Group Mesting - India and ME 2022 SIEMENS
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PLBVF1 Model use case for performing LVRT & LFRT studies
LWRT Voltage {pu)
Paint of Lz
Interconnection .
ot p.o i
machines with
REGCA,
REECA) J |
E I
Pref Ciraf : LFAT Frequency(Hz)
. W et POl |
REARA :
| Niaching i posarflow i
PLHTE I with & wery ke MBASE “
[muE-uri plan ard Msorca = 0.1 BS
confroler sending APref L]
& & Oraf do local .
Renewable Sources models subject to LVRT & LFRT testing
Page 688  Restricted | € Siemens 2022 | PS5® User Group Meeting - India and ME 2022 SIEMENS
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In the review of Grid Code of Sri Lanka, JICA Expert Team mainly focused on the following 2
documents.

® GRID CODE, TRANSMISSION DIVISION CEYLON ELECTRICITY BOARD October 2018 (Final Draft)
® GRID CONNECTION REQUIREMENT FOR SOLAR/WIND POWER PLANTS — ADDENDUM TO THE CEB
GUIDE FOR GRID INTERCONNECTION OF EMBEDDED GENERATORS, DECEMBER 2000

GRID CODE

TRANSMISSION DIVISION
CEYLON ELECTRICITY BOARD
October 2018 (Final Draft)

GRID CONNECTION REQUIREMENT FOR SOLARPOWER PLANTS - ADDENDUM TO THE CEB
GUIDE FOR GRID INTERCONNECTION OF EMBEDDED GENERATORS, DECEMBER 2000

GRID CONNECTION REQUIREMENT FOR WIND POWER PLANTS - ADDENDUM TO THE CEB GUIDE
FOR GRID INTERCONNECTION OF EMBEDDED GENERATORS, DECEMBER 2000

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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In order to review them, JICA Expert Team referred to Grid Code of Hokkaido in Japan and

Ireland.

Why Hokkaido?

For both solar and wind, limited rates of output change are defined

Annual Peak demand is 5GW that is close to predicted annual peak demand of Sri Lanka in 2030

Has only DC interconnection with other areas

® Why Ireland?
Advancing country with respect to installed capacity of VRE and belongs to phase 5 presently
Annual Peak demand o is 5GW that is close to predicted annual peak demand of Sri Lanka in 2030
Has only DC interconnection with Great Britain
VRE
Legend ?h?re (%) Top 20 Countries with High VRE shares
Capacity [GW] oo * Denmark
o-1oMW 600
10-100MW w L0% Sri Lanka
I 100-200mw
=::TZ‘"W Phase 5 Sri Lanka 2030 - 70%
I o020 - PV 40% GI0-EL + Lithuania
'-2‘ooww— ' "é m Geothermal Ireland °©
Wind Velocity s = Small Hydro s :
%i:?:i ® WP (Offshore) 30% el * Curacao , ., Uruguay
E”’"’" ® WP (Onshore) Phase 4500'1'5:." df’G 1 "(Zerr_nam. 3 P_mugal
80-85m I 20% UErto RICe Greece pain Mauritania | (g (127 * Luxembourg
I 5ot . . = B l (T United K'Ingdolm IFam:ne lslands Nicaragua 1
ha N Phase 3 riLanka | Y osta Rica
8 © Q1'§@10§;¥*%’§0®°§0 10% e e
"5‘;4 " P ?7‘//«11/ O
L 0%
0% 20% 0% 50% 80% 100%
el

Source: isep (Institute for Sustainable Energy Policies)

Renewable Energy Share
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CQl;l;ﬁﬁlQQlQEI”QEI IQ ﬁag|Q NIPPON KOEI]
Generation types Specification

Generating Units Conventional generation |

connected to
transmission system
(132kV — 400kV) GRID CODE
(Thermal, Hydro etc.)
IRBGS Intermittent generation
(Intermittent connected to
Resource Based transmission
Generating system(132kV — 400kV)
Systems) TRANSMISSION DIVISION
. CEYLON ELECTRICITY BOARD
Embedded All types of generation October 2018 (Final Draft)
Generators connected to distribution

system (— 33kV)

A

| GRID CONNECTION REQUIREMENT FOR SOLARPOWER PLANTS - ADDENDUM TO THE CEB
GUIDE FOR GRID INTERCONNECTION OF EMBEDDED GENERATORS, DECEMBER 2000

| GRID CONNECTION REQUIREMENT FOR WIND POWER PLANTS - ADDENDUM TO THE CEB GUIDE
FOR GRID INTERCONNECTION OF EMBEDDED GENERATORS, DECEMBER 2000

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Input of state-of-the-art PSSE
technical knowledge Comparison simulation Analysis for
with Japan for numerical PSSE
Understanding CEB and Ireland criterion simulation
GRID CODE changes

The following red boxes are attached to
the simulation needed items

To be examined with PSSE

If simulations are not needed, recommendations
are described in the red boxes

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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3.13 SCADA & COMMUNICATION SriLanka
A fully functional communication and SCADA System will be established and maintained by the Transmission Licensee.

The Transmission Licensee will provide the necessary facilities at the Interconnection Point for the User to upload data to the SCADA system and to receive
control signals from the SCADA system in accordance with the Connection Agreement.

Communication and SCADA systems shall have the capability for the System Operator to carry out switching operations in the Transmission System and data
acquisition. Voice and data communication facilities shall be secured against unauthorised access in accordance with the standards specified.

The above requirement shall also apply to all IRBGS directly connected to grid substations.

It is necessary to write communication requirement with dedicated line for certain amount solar and wind(1MW- or 10MW-)

Step by step installation of grid code would be better considering cost impact for small
Pros and Cons VRE power plant and possibility of installing storage battery

_ 10MW - solar and wind 1MW - solar and wind

Controllable
capacity(Grid code | ASolar 1460MW/4209MW (35%) OSolar 1720MW/4209MW(41%)
revision prior to OWind 1090MW/1523MW(72%) OWind 1090MW/1523MW(72%)
2025)

Cost burden of
constructing
communication
equipment

Awould be big cost impact for
OLess burden for large scale VRE small capacity VRE that could
leads to avoid new construction

ASurplus power can’t be covered completely
Stable supply — (Ocan be covered with installation of

1,000MW battery in 2030 described on LTGEP

OSurplus power can be covered
completely
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Controllable VRE considering curtailment volume in 2030
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gw Over 10MW solar + Wind installed after 2025 is controllable

® Controllable Solar Output(Over 10MW after 2025)
"
il
Battery Requirement = Negative side

85 eyl B } Cumulatively indicated
|
(Controllable solar & wind output — Required Curtailments)

ul

b

2 B Required Curtailments

. | U | | i
05 “ ‘i‘ \M [‘ ; “ M \ & i “ ‘ ‘w‘ H i |

8760 Hours in 2030

15

05 | |

-0.5
) 8760 Hours in 2030 LIJ

0.5

GW Over 10MW solar + Wind installed after 2026 is controllable

® Controllable Solar Output(Over 10MW after 2026)
25 ® Controllable Wind Output
2 H Required Curtailments

} Cumulatively indicated
i

L mm!m.mwm

Battery Requirement = Negative side
(Controllable solar & wind output — Required Curtailments)

8760 Hours in 2030

GW

15

0.5

. 8760 Hours in 2030 J

* Maximum Battery Requirement : 0.6GW < 1GW(from LTGEP)
* Maximum Charged Energy : 3GWh < 4GWh(from LTGEP)

* Maximum Battery Requirement : 0.82GW < 1GW/(from LTGEP)
* Maximum Charged Energy : 5.1GWh > 4GWh(from LTGEP)

or to increase battery duration.

It is better to revise Grid Code prior to 2025 and validate it from 2025.
Otherwise, it will be needed to revise Grid Code again in order to expand the controllable RE borderline from 10MW to lower capacity

12
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(System Communication)
Specification of VRE Control System in Sri Lanka

'CHUBU

Electric Power

v
NIPPON KOEI

Weather Da&a
Jrtd

T
Ji

6utput Control with online(dedicated line)

(10MW — )
Control Instruction |:>

Dedicated line

PCS functioning output control

1J

PCS suanel{vision

Tra r%/ncﬂlfgs%ﬁ%ac{tﬁ%%ent

A schedule that covers 365 days is provided once a year (for the case disconnected)
It is to be updated in real time

PCS

U

Output Control i B cheduled Output Control with online(Internet) PCS functioning output control
System I | &.6kV)
or SCADA | L

J

Control Unj

Modem

(O tout Control with offline (A | control with e who has no real time telecommunication N\
- utput Control with offline (Annual control with i and difficulty to change schedule dajly .+ »
| leg . Emm) D 5 LoclOperation__, %
I Output Schedule E EII-"CS
: \_ A schedule that covers 365 days is proyi once ayear J
| - N
. / _ _ _ . Those who hasQp real time telecommunication \
I Output Control with offline (da ntrol with day ahead schedule) and are able TwQange schedule daily ”
i_ |::> " Local Operaw Z -
Q
schedule that covers 365 days is provided once a year (for the case disconnected)

It is to be updated with day ahead schedule

13
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(System Communication)
Specification of VRE Control System in Japan

'CHUBU

Electric Power

v
NIPPON KOEI

Weather Da&a
Jrtd

%

6utput Control with online(dedicated line)

(11KV — )
Control Instruction |:>

Dedicated line

PCS functioning output control

1J

PCS sulpnel{vision

Trar%/ncﬂlfgs% IPAlﬁgﬁent

A schedule that covers 365 days is provided once a year (for the case disconnected)

PCS

System

U

Itis to be updated in real time

ﬁcheduled Output Control with online(Internet)

(- 6.6kV)

Output Schedule

Modem

PCS functioning output control

J

Control Unit

A schedule that covers 365 days is provided once a year (for the case disconnected)
It is to be updated with 30 min. resolutions (= nearly real time)

| e _ _ o Those who has no real time telecommunication N\
i Output Control with offline (Annual control with fixed schedule) and difficulty to change schedule daily 7y

iy Local O ti -
I =D oo [T
I Output Schedule E ;CS
i \_ A schedule that covers 365 days is provided once a year J

i /Output Control with offline (daily control with day ahead schedule)

Local Operation

)
V

B
Output Schedule & E

A schedule that covers 365 days is provided once a year (for the case disconnected)
It is to be updated with day ahead schedule

e

da

Those who has no real time telecommunication
and are able to change schedu

| .
Y 7 77
| £

PCS

~

J
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Generating Units IRBGS «
CHUBU
. . “1: All requirements specified in generating ¥ Electric Power
Frequency Varlatlon Capablllty unitsC;)art 3.16shaF|)|app|yto IgRBGS gNIPPBNKOEI

3.16 SPECIAL CONNECTION REQUIREMENTS FOR GENERATING UNITS
3.16.1 FREQUENCY VARIATION CAPABILITY

Generating Units shall be capable of delivering the declared active and reactive power outputs within the system Frequency variations, specified in this GCC.

Sri Lanka

The Transmission Licensee and a User may agree to lower active power delivering capability when system Frequency falls below one percent (1%) of the
rated Frequency.

Generating Units shall be protected against Frequency excursions outside the ranges specified in Appendix A Section 3.2(A).

3.2 GENERATION LICENSEES WITH GENERATION FROM CONVENTIONAL Ireland case
RESOURCES Sri Lanka <Former Description(roughly connected prior to 2019)>
(A) FREQUENCY VARIATION CAPABILITY (GCC 3.16.1) (a) operate continuously at normal rated output at Transmission System
Table 3.2.A: Frequency Variation Capability Frequencies in the mn
Frequency (Hz) Duration (b) remain synchronised to the Transmission System at Transmission System

50.5-52.0 60 minutes Frequencies within the mngeh?.S Hz to 52.0Hz for a duration of 60 minutes; I

. () remain synchronised to the Transmission System at Transmission System
49.5 - 50.5 Continuous
t Frequencies within the rangeld?.DHz to 47.5Hz for a duration of 20 seconds I
4757495 60 minutes Lower threshold is hlgher than required each time the Frequency is below 47.5Hz;
47.0 - 47.5 30 seconds others(49.5Hz) @
<Present Description(roughly connected after 2019)
Japan case

only for Generati_nI% Unit>

{w)  Remain synchronised to the Transmission System and operate within the

Connected at Continuous operation

frequency ranges and time perieds specified in Table CC.7.3.1.1.

Table CC.7.3.1_1: Minimum Time Periods for Generation Linits to Remain

All voltage 48.5Hz - 50.5Hz Oerational without Disconnecting

Frequency Ranze Time Period
Japanese lower threshold was determined based on the historical requirements. ::;i; EI;Z iz ::;u“:
Ireland’s lower threshold was determined based on commission regulation 2016/631 that integrated EU T T —
wide “Unlimited” range. Ty e ——

15 However, it was confirmed by Japanese vendors there is almost no additional cost for generators to expand M-Slshz T8 mmutes
“continuous” range over the operational lowest frequency(Sri Lankan case : 47.0Hz) 51.5-52Hz 60 minutes
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Generating Units IRBGS Embedded Generators 'CHUBU

¥ Electric Power

Frequency Variation Capability NIPPON KOET

Present continuous operation range is 49.5 — 50.5Hz in CEB Grid Code.

2. Assuming that system coefficient K is equal to 5%(Hz/MW) approximately, it would be frequently to violate 49.5Hz in 2030 under 70% RE situation.
Offpeak : 2,000MW X 5% (Hz/MW)X (0.5Hz/1Hz) = 50MW fluctuation leads to frequency violation (50MW out of ~1,000MW wind output)

Peak : 3,500MW X 5% (Hz/MW)X (0.5Hz/1Hz) = 87.5MW fluctuation leads to frequency violation (87.5MW out of ~1,000MW wind output & ~
2,000MW solar output)

High Wind Season

— e Mz ural Gas — ajer Hydrs
mmm Miri Hy dro s Biomass Wind

Disrioution Embed ded soar Umlity 5cale 5alar — F5PEEN
I 5 Osicharging I FE Spiliage s F5PE PUMD
awwawe FE01 Charging == DEMENG

Source : LTGEP 2023 - 2042
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Generating Units

IRBGS

Rate of Change of Frequency

CHUBU
Electric Power

_',

NIPPON KOEI

No description regarding Rate of Change of Frequency in Clause 3.16.1

X

Sri Lanka

To be examined with PSSE

Japan case

<Operation Continuity with Ramp Change(UP & DOWN)>

Frequency [ ]: 60Hz Area
515 -
(61.8] /
\ RoCoF:2Hz/s
475 N T|me
[57.0] >

17

(d)

Ireland case

<Former Description(roughly connected prior to 2019)>

{i) remain synchronised to the Transmission System during rate of change

of Transmission System Frequency nfvaluei up to and including 0.5 Hz I

per second;

<Present Description(roughly connected after 2019)>

{ii) remain synchronised to the Transmission System for a Rate of Change

of Frequent:-l up to and including 1|Hz per secu:undlas measured over a

rolling 500 milliseconds period. Voltage dips may cause localised Rate of
Change of Frequency values in excess of 1 Hz per second for short
periods, and in these cases, the Fault-Ride Through clauss CC.7.3.1.1(y)
supersedes this clause (CC.7.3.1.1(d)). For the avoidance of doubt, this
requirement relates to the capabilities of Generating Units only and
does not impose the need for Rate of Change of Frequency protection
nor does it impose a specific setting for anti-islanding or loss-of-mains

protection relays;

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

CHUBU

Electric Power

Power Factor Variation Capability o

3.16 SPECIAL CONNECTION REQUIREMENTS FOR GENERATING UNITS
3.16.3 POWER FACTOR VARIATION CAPABILITY

Generating Units shall be capable of continuously delivering the declared outputs at any point between|the Power Factors of 0.8 lagging and 0.9 leading, in
accordance with its reactive power Capability Curve, unless otherwise agreed in the Connection Agreement, and operate in voltage control mode to support
dynamic reactive power requirements during disturbances.

Sri Lanka

CC.7.36.1 Each Generation Unit shall have the following Reactive Power capability as

Japan case measured at their alternator terminals: Ireland case
Connectedat | At Registered Capacity | AF 300 01 ReEgistered |
Voltage .
Range between: Capacity between:
Connected at Power factor range _
Q9ky = V= 123kV 0.93 power factor leading 0.7 power factor
to 0.85 power factor leading to 0.4 power
lagging factor lagging
= 110kv
110V 6 6kV Between 0-85 Iagglng 85kV = W < 99kV Unity power factor to 0.7 power factor
" . factor lagging || leading to 0.4 power
n d 1 ) 0.85 power
a O factor lagging
. 200kV < W = 245kV 0.93 power factor 0.7 power factor
11 kV Between 0.90 Iagglng leading to 0.85 power leading to 0.4 power
- H factor lagging factor lagging
and 0.95 leading 2o
190kV = W < 200kV Unity power factor to 0.7 power factor
0.85 power factor lagging || leading to 0.4 power
factor lagging
360KV = W = 420kV 0.93 power factor 0.7 power factor
leading to 0.85 power leading to 0.4 power
factor lagging factor lagging
400kv
350KV = W < 360kV Unity power factor to 0.7 power factor
0.85 power factor lagging §| leading to 0.4 power
factor lagging
18
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ICSEIEARGUNEN = 1ReGS

Power Factor Variation Capability

CHUBU
Electric Power

_',

NIPPON KOEI

3.17.2 REACTIVE POWER CAPABILITY Sri Lanka

IRBGS shall be capable of operating at any point within the Power Factor ranges given in Appendix A Section 3.3.1 linless otherwise agreed in the
Connection Agreement, and operate in voltage control mode to support dynamic reactive power requirements during disturbances.

3.3 GENERATION LICENSEES WITH INTERMITTENT RESOURCE BASED
GENERATION SYSTEMS CC.7.36.1 Each Generation Unit shall have the following Reactive Power capability as
3.3.1 POWER FACTOR VARIATION CAPABILITY (GCC 3.17.1) AND REACTIVE measured at their altzrator terminals: Ireland case
POWER CAPABILITY (GCC 3.17.2)
Connected at: At Registered Capacity Ao or Eeglaerea
Voltage
Range between: Capacity between:
Active Power Q9ky = V= 123kV 0.93 power factor leading 0.7 power factor
*., PF0.95 |eading 0% PF 0,95 lagging-* to 0.85 power factor leading to 0.4 power
’ 100%] r lagging factor lagging
a0 110kv
s0%) 85kv = v < 99kv Unity power factor to 0.7 power factor
PF 0.835 70%| PF 0.835 0.85 power factor lagging §| leading to 0.4 power
Ie‘?{jing s0%| ""%‘FE factor lagging
"1 50%| -
4% 200kV < W = 245kV 0.93 power factor 0.7 power factor
0% leading to 0.85 power leading to 0.4 power
20%|
factor lagging factor lagging
220kV
20 35 30 ;20 13 o o 5 w15 20 i 3 = » 190kV = V < 200kV Unity power factor to 0.7 power factor
Reactive Power (%) 0.85 power factor lagging || leading to 0.4 power
Japan case factor lagging
Con nected at POWer factor range 360KV < W < 420kV 0.95 power factor 0.7 power factor
leading to 0.85 power leading to 0.4 power
110V — 6.6kV Between 0.85 lagging factorlaesine freoriaeane
. ] 400kv
an d 1 O 350KV = W < 360kV Unity power factor to 0.7 power factor
- 0.85 power factor lagging §| leading to 0.4 power
11KV - Between 0.90 lagging e —

and 0.95 leading

Copyright © Chubu Electric
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Generating Units

IRBGS «

Fault Ride-through Capability

, L , CHUBU
All requirements specified in generating ¥ Electric Power

units part 3.16 shall apply to IRBGS NIPPON KOEI

3.16.6 FAULT RIDE-THROUGH CAPABILITY

Generating Units shall be capable of remaining synchronised during and following any fault disturbance anywhere on the Transmission System which could
result in voltage dips at the HV terminals of the generator transformer of no greater than 95% of nominal voltage (5% retained)|for fault durations up to and

including the fault ride-through times as defined in Appendix A Section 3.2(C) and voltage dips oflno greater than 50% of nominal Vo fage.li.e. 50%

retained ) for fault durations up to and including the fault ride through times as defined in Appendix A Section 3.2(C) (see also tault ride through envelopes

in Appendix A Section 3.2(D)).

Sri Lanka

20

(D) FAULT RIDE-THROUGH CAPABILITY ENVELOPES (GCC 3.16.6)

100%|

50%

Voltage (% of Pre-Fault)

5% TRATRERREIEN

Fault Ride-Through Envelopes

Solid line represents,
5% retained Voltage

Dashed line represents,

50% retained Voltage

Generating Units shall remain
Synchronized for voltage dips
within the shaded region. This
applies to all generation units.

Not Covered

Time (ms)

To be examined with PSSE

No output recovery
criteria designated

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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(Fault Ride-through Capability) '
J a IQ a |Q Qﬁ ﬁﬁ NIPPDN KOE]I

Japan case
<FRT applied to solar> <FRT applied to wind >
Single Phase Equipment 3 Phase Equipment Voltage
. %7
el J0% - !
Voltage Voltage E
<> i >
e 3se 0%  0.15sec !
- = 1.5sec
20% ~ | Time , ° J Time
T~ 4‘ Operation-continuity zone
4{ Operation-continuity zone ]7 ~[ Operation-continuity or Gate Block zone ]7 Output
Output - o Output 80% ----- -
80% “-=- oo
-H:O.lsec ; 0.2sec Time
Co Time : >
> <>

21
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(Fault Ride-through Capablllty) '

Ireland case
<Former FRT(roughly connected prior to 2019)> <Present FRT(roughly connected after 2019)>
VOLTAGE DIP MAGNITUDE Fault Ride-Through Times __ 100% o+
400 kV System 220 kV System | 110 kV System :: 20%, E- 0.450, 90% ‘‘‘‘‘
95% (5% retained) 150 ms 150 ms 150 ms 5"" E
50% (50% retai ~ 60% ;
ained) 450 ms 450 ms 450 ms i 0.450. 50%
B . 1 (]
40% !
o] 1 0.150, 50%
Fault Ride-Through Envelopes ba :
= 20% ;
o i
100% brrrerers. et st > o ). 10150, 0%
curves ae v
2 S oo 0.000 0.500 1.000 1.500 2.000
py e =eie) Time (seconds)
E The dashad line i slightly offsst for
- ihsirative purposes.
_; 50% .//// weed (Generating units must remain
= oy synchronized for voitage dps within e
LA shaiedre_puns. This anplies across the
% gy E}‘angmqenfﬂewemirq
= -
§ ;:f’:/:fj/ TheTmml'}sim System Volage ]
ey ranges fdlowing & disturdance are given
59 - ;f;i%lhnd ara not shown on this
0 150 450 Time (ms)
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(Fault Ride-through Capability)

Ir

Ireland case

<Former FRT(roughly connected prior to 2019)>

A Controllable PPM shall remain connected to the Transmission System for

Transmission System Voltage Dips on any or all phases, and shall remain Stable,

where the Transmission System Phase Voltage measured at the HV terminals of the

Grid Connected Transformer remains

above the heavy black line in Figure PPM 1.1,

Fault Ride Through Capability of PPMs

U/Us

=y
[£4]
)
3

-

'CHUBU

¥ Electric Power
NIPPON KOEI

<Present FRT(roughly connected after 2019)>

() Controllable PPMs connected to the Transmission System shall be
capable of staying connected to the Transmission System and continuing

to operate stably during Voltage Dips. The voltage-against-time profile
specifies the required capability for the minimum voltage and Fault Ride-

Through Time at the Connection Point before, during and after the

Voltage Dip. That capability shall be in accordance with the woltage-

against-time profile ad specified in Figure PPM1.4.2.

100% ¢

20% |

(U/p.u.)

60%

40%

20%

Voltage

0150 625

Fhase Voltage vs Time profile at HV Terminals of Grid-

3000

Connected Transformer

(ms)

0% w—v""
0.000  0.500

0.150,0%..—

2.900,85%
.—"'“

-

1.000 1.500 2.000 2.500 3.000

Time (seconds)

Figure PPM 1.1 - Fault Ride-Through Capability of Controllable PPMs <O Utp ut RECOVG ry ( U nCh a nged | n 20 19)>

(k)

The Controllable PPM shall provide at least 90 % of its maximum Awvailable
Active Power or Active Power Set-point, whichever is lesser, as quickly as
the technology allows and in any event within 500 ms of the Transmission

System Voltage recovering to 90% of nominal Voltage, for Fault

Disturbances cleared within 140 ms. For longer duration Fault Disturbances,
the Controllable PPM shall provide at least 90% of its maximum Awvailable
Active Power or Active Power Set-point, whichever is lesser, within 1
second of the Transmission System Voltage recovering to 20% of the

nominal Voltage.
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Generating Units | [IIREGSH INERBSH0SEICEREoRSN
CHUBU

¥ Electric Power

Specification of Thermal Generators NIPPON KOET

Regarding designated specification of conventional generators, no description other than adjustable governor speed droop
settings (2-10%) and inherent dead band (within £0.05Hz) are in Clause 3.16.10 \ Sri Lanka

To be described referring to Japanese case, because they have been technically confirmed to be realizable with little additional cost (a few ten’s of thousand
dollars only with changing control logics, no need to change the specifications of generators, turbines and boilers) compared to existing thermal power

lants in Japan.
p p Japan case

Thermal and mixed
combustion biomass (e.g.
with coal)
other than GT, GTCC

Designated Specification Items GT, GTCC SEMITEIES (1ol

Sri Lankan requirements

Most of thermal units described in
Target capacity =100MW Annex 8.3 in the latest LTGEP are
more than 100MW, so it’s applicable
No need to revise because there is

GF1ldroop =4% a already adjustable droop setting
and it includes 4% below

GF output range = 5%(Nominal output basis) = 3%(Nominal output basis) Technically applicable

LFC™ ramp rate = 5%/min(Nominal output basis) = 1%/min(Nominal output basis) Technically applicable

LFC output range = +5%(Nominal output basis) Technically applicable

EDC™ ramp rate = 5%/min(Nominal output basis) = 1%/min(Nominal output basis) Technically applicable

RENE rat.e In using EDC & LFC = 10%/min(Nominal output basis) = 1%/min(Nominal output basis) Technically applicable

simultaneousl|
Lower threshold of output range <m0 _ _ <20 _ _ . .

el o tem LEC, [H0E = 50%(Nominal output basis) = 30%(Nominal output basis) Technically applicable
Required

DSS Capability (Down time Interval — Technically applicable
=8 hours)

ST (e ligiel) RSYEie Required - Technically applicable

Function™

24
*1 Governor Free, *2 Load Frequency Control, *3 Economic load Dispatching Control

*4 Function to keep output if frequency drops down to 48.5Hz, or be able to recover even if output decreases once with frequency drops

rights reserved.
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Specification of Thermal Generators

AR, Ireland case

(k) Minimum Load not greater than 50% of Registered Capacity for CCGT
Installations and not greater than 35% of Registered Capacity for all other

A

Generation Units. For CCGT Installations whilst operating in Open Cycle
Mode as a result of combined cycle plant capability being unavailable, the
Minimum Load of each Combustion Turbine Unit must be not greater than
35% of the Registered Capacity divided by the number of Combustion
Turbine Units.

1] Ramp up capability not less than 1.5% of Registered Capacity per minute
when the Unit is in the Normal Dispatch Condition.

A

{m) Ramp down capability not less than 1.5% of Registered Capacity per minute
when the Unit is in the Normal Dispatch Condition.

(n) Minimum up-time not greater than 4 hours for Thermal Units.

Generating Units | [IIREGSH INERBSH0SEICEREoRSN )

CHUBU
Electric Power

NIPPBN KOEI
(Reference) Japanse case E——

50% for CCGT & GT, 30% for thermal and mixed combustion biomass

5%/min for CCGT & GT, 1%/ min for thermal and mixed combustion biomass

Ijot Minimum down-time notgreaterthanilhoursforﬂlermal Units. I: 8 hOUrS On|y for CCGT & GT

(p) Forbidden Zones within the range between normal Minimum Load plus 5%
and Registered Capacity less 10%, not more than 2 specified zones each not
greater than 10% of Registered Capacity.

{q) Block Loading not greater than 10% of Registered Capacity.

Ireland’s requirements are similar to Japanese ones or a little severer.

So, to refer to Japanese requirements is suitable in the meaning of

r) Time off-load before going inte longer standby conditions remain in a hot
condition for at least 12 hours and remain in a warm condition for at least 60

hours.

Roughly connected prior to 2019
as at the time when the installation of which it forms a part was designed. Normal

governor regulation shall be between 3% and 5%.

(i) POR not less than 5% Registered Capacity

(ii) SOR not less than 5% Registered Capacity

covering minimum requirements.

5% each for GF, LFC for CCGT & GT
5%, 3% each for GF, LFC for thermal and mixed combustion biomass

< 4% below
| o | Roughly connected after 2019
Generation Units shall be capable of setting governor regulation between 2% and
12%. The default governor regulation setting shall be 4%.
(u) Operating Reserve <

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

CHUBU
Electric Power

IRBGS ~ Embedded Generators
!’

NIPPON KOEI

No description regarding ramp rate limitation for intermittent resources in Clause 3.17 Sri Lanka
(In Clause 5.9, there is a operational description, however, to conduct the limitation of output changes, it is needed to install batteries etc with solar and wind )

\ To be examined with PSSE

Japan case

Ireland case

<Former Description(roughly connected prior to 2019)>

Type Technical requirements
Solar At all times, the rate of change of power
>2,000kW and | plant output shall be “1% or less / minute
Wind >20kW

of the rated output of the power plant”.

These deviations should not be allowed to exceed 3% of Registered Capacity.

¢

<Present Description(roughly connected after 2019)>

These deviations should not exceed the greater of 3% of Registered Capacity or +/-

26

0.5 MW,
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Generating Units || IRBGS | [INERDEUOSOIGEHSIAIONSN )
v

C : Eieciric Power
Control Prioritization NIPPON KOEI
5.6 Dispatch Procedures Sri Lanka

System Operator will prepare a daily dispatch schedule and Generators will be requested to generate according to this schedule. All dispatchable Generating
Units will be subject to central Dispatch instructions.\The Dispatch shall be a least-cost, security-constrained Dispatch, meaning that generating unit |
commitments will be optimized with full recognition of unit availability, unit start-up and operating costs, and grid constraints due to system operating limits

and irrigation constraints in the case of multi-purpose hydropower Generating Units. Log notes shall be maintained regarding any deviation from the Daily
Dispatch Plan, including the reasons for the same.

—There is a description ” The Dispatch shall be a least-cost”, however any cgncrete orders by types of generation are not described

To be described for transparent operation referring to Japan case.

Japan case That was discussed with NSCC in Sep 2022.
- O Output control of thermal power and PSPP pumping, battery charging (dispatchable)
Q ) . ) . ) . ) .
S o 1 Ditto(Non-dispatchable including mixed combustion biomass (e.g. with coal),
p— o
§ I except for biomass, renewables and long-term fixed power sources*! )
o)
= g 2 Export to other regions using interconnected lines
= ¢
) ; . %2
T > 3 Biomass(except for those using local resources*?) output control
o g
Q3 4 Biomass using local resources
= o
= 5 Solar and wind power control
V 6 Output control of long-term fixed power sources (hydro(other than pspp), Nuclear, geothermal)
*1 Generation types that has technical difficulties to control their output
Ireland case *2 Unutilized local biomassresources that potentially exist at power plants’ location
27 No description
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03

' CHUBU
Electric Power

NIPPON KOEI

GRID CONNECTION REQUIREMENT FOR
SOLAR/WIND POWER PLANTS

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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ICEHSEIRGIUNIS MIRBESM | Embedded Generators | p

¥ Electric Power

Output Control / Remote Control Facility NIPPON KOET

(Wind)3.1 Output Control Sri Lanka

The wind farm shall provide the necessary controlling facility to limit the out put variation of the wind farm by incorporating necessary controls to individual
wind turbines. The ramp rate will be defined for the grid substation and hhaﬂ_nﬂ@mg&&MMmlm&JThe ramp rates applicable for individual wind

farms will be distributed in terms of their installed capacity./The ramp rate shall be ggplicable to wind farms connected to a particular grid substation as |
depicted below. | v

(a) If the wind farm capacity is| 5 MW | Ramp rate is to be examined with PSSE
(b) If the cumulative installed capacity of wind farms connected to a particular grid substatior| equal or exceeds 20 l\/IW.l(Wind farms having installed
capacitiesless than 1 MW will be exempted|though the capacities of such wind farms will be considered for calculation of cumulative installed capacity)

Extent is to be examined with PSSE

(Wind)3.2 Remote Control Facility SriLanka

Remote controlling facility from System Control Centre shall be provided for the main circuit breakerof the wind farm if the cumulative installed capacity of
wind farms connected to a particular grid substatiori exceeds or equal 20 MW. The wind farms having installed capacitiels less than 1 MW will be exempted

though the capacities of such wind farms will be considered for calculation of cumulative installed capacity.

This requirement will be waive off for first 40 MW of wind farms.|However, CEB reserve the right to control out puts of those plants, during an emergency

situation such as restoration of power supply after an Islandwide supply failure, during very volatile wind situation and situations where wind farm out puts

are not responsive to the ramp rates stipulated in section 3.1.
Procedure of output control is adaptable and flexible not by circuit breaker but by PCS?

It is necessary to write communication requirement with dedicated line for certain amount solar and wind(1MW- or 10MW-) for solar as well

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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(Solar)4.5/(Wind)4.6 Low Voltage Ride Through (LVRT) Capability Sri Lanka
The solar/wind power plant shall be connected to the grid during voltage disturbances (Under voltage conditions) of the power system for a short period of

recover to g voltage level of 90% or higher within 3 seconds, the solar PV plant/wind farm shall remain connected to the grid. If the voltage during the

disturbance reduces below the aforesaid voltage profile, the solar PV plant/wind farm shall trip.

Voltage
A
Operation-continuity
To be examined with PSSE
. No output recovery
0.1sec A -
40% = / criteria designated
Time
Not Covered
(Wind)4.6.1 Applicability of LVRT capability Sri Lanka
The LVRT capability shall be applicable for any one of the cases described below. Extent spread to all capacities to be examined with PSSE
(a) Wind tarm having installed capacities 5 MW or above. |

(b) If the cumulative installed capacity of wind farms connected to particular grid substation exceeds or equal to 20 MW, Jall the generating companies,
except wind farms havinglinstalled capacities below 1 MW, shall together or individually provide the LVRT facility either at point of common coupling or at
33 kV bus bar of the grid substation.

(Wind) 4.6.2. Exemptions from LVRT capability

Extent spread to all capacities to be examined with PSSE
The LVRT capability is waived off for following cases.

(a]The first wind farm developers will be exempted form LVRT capability whose total installed capacity is 40 MW. |

(b) The wind farm having installed capacitieg less tan 1 MW |

COpPyIIgIe CTHUPO ClcCtiC Powerl ©o., mc. A grnts rescrvea.
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04 Scenarios for analyzing Grid Code with PSSE
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Frequency
regulation

Voltage
regulation

FRT

RoCoF

Ramp Rate
Limitation

Freguency
.
; il

Power
Factor
Variation
Capability

Fault case
(N-1 fault +
VRE
fluctuation)

Usual case
(No fault but
VRE

fluctuation)

(FRT simulation with battery OMW)
* N-1 largest generator trip + VRE ramp down + VRE trip case

* VRE ramp down + VRE trip casex?2

v Unstable : Need to revise FRT ! Stable
v E)ROCOFO?'rggﬁwn with No need to conduct RoCoF &
attery 0-5 ) . Ramp Rate simulations
N-1 largest generator trip + (No need to revise Grid Code
VRE ramp down regarding FRT & Ramp Rate)
v Y But only FRT is to be
(Ramp Rate simulation with described based on FRT
battery 0-500MW) simulations
+ N-1 largest generator trip
L + VRE ramp down
+ Only VRE ramp down
No simulation required Proceed Proceed
See chapter 02 Voltage Voltage
Simulation + Simulation

(PF simulation)

Low demand + high wind + much solar case
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Voltage thresholds covered in CEB Grid Code are 5% beyond for generating units & IRBGS, 40% beyond for embedded generators.

In the PSSE simulation, we’d like to confirm if voltage of 5% or 40% below occurs or not, and if it occurs, would like to confirm the amount of shedding VRE
in the case of typical faults in CEB’s study (Puttalamps or Biyagama transmission fault).

Considering such shedding VRE amount, we’d like to confirm if the frequency can keep stable or not.

If it can’t, it is better to describe FRT requirement that covers down to 0%.

In addition, there is no description about output recovery rate after voltage recovery.
It is better to refer to Japanese case because Japanese electrical engineers and manufacture engineer considered technical realizations and
determined such requirements.

(In Ireland case, there is a description “As technology allows”, so it is not sure that such requirement realization was confirmed with manufacture
engineers)

<Other than Embedded Generators> <Embedded Generators>
(D) FAULT RIDE-THROUGH CAPABILITY ENVELOPES (GCC 3.16.6)
Voltage
Fault Ride-Through Envelopes A
i00% Operation-continuity
Solid line represents,
e 5% retained Voltage
= Dashed line represents, O 15eC
g 50% retained Voltage 40% _____ e '
< 50% N : :
. senehratlr?g l:jnflts sh::tll ren;ann TI me _
e ynchronized for voltage dips >
g" within the shaded region. This N Ot Cove red
)
>

applies to all generation units.

0 200 500 Time (ms)

Not Covered Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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The Map of Sri Lanka Transmission System in Year 2017 —— 2N&Y Line <Simulation Cases>
LRV Umdergronnd Cable ‘
= ;jj_““,,’,‘:;’?,“m,m 1. PUTTALAM Bus Fault Case
. & P * One coal generator trip '
;{\AH\Q:“\"“\ ™~ ® Therinal Power Station . Solar ramp dOWh
8} o~ . Voltage
j\\,"k\\ - Over 132KV solar trip due to voltage drop under 5% —
C : ""'\\\ * Under 33kV solar trip due to voltage drop under 40%———— e
4%
/ . One 132kV/33kV Substation Bus Fault Casel N I —

—>Substation selection with the most amount of solar connection
* Solar ramp down

* Over 132kV solar trip due to voltage drop under 5%
* Under 33kV solar trip due to voltage drop under 40%

Another 132kV/33kV Substation Bus Fault Case2

—>Substation selection with the 2" most amount of solar connection
* Same as Casel

1. PUTTALAM Bus

3 simulations

considering GTs’
2. Substation Bus erX|b|I|ty that can
Casel start up instantly

3. Substation Bus
Case?

<Evaluation Indicators @ battery OMW case>
* RoCoF(measured within 100ms) >2Hz/s" Voltage

it { Shedd Coverage Extent
Nadir with Load Shedding < 47.0Hz Revision to 0%

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

Puttalam

Swing bus FARM MV
201
GRID
3¢ O
L > ]
A3 Oy .
1sec: disconnected Conventional C/
Conventional PVl generator
generator 1sec: ramp down PV3 C,
PV2 1sec: disconnected

1sec: disconnected If voltage drops |3 =
If voltage drops

m Time [sec]
1 0

2 1 One coal generator trip(disconnected machine)
Solar ramp down

stable

3 1 Check the voltage of buses adjacent to Puttalam
4 1 If the 132kV bus voltage is under 5% -> Trip over 132kV solar(disconnected machine)
If the 33kV bus voltage is under 40% -> Trip under 33kV solar(disconnected machine)
5 1.2 Run to 1.2 sec, watch 2 indicators
* RoCoF

* Nadir
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<Simulation Cases>

1. Thereis no RoCoF description in CEB Grid Code.

2. Inthe PSSE simulation, we’d like to confirm how much RoCoF occurs in the case of the severest fault (Puttalam bus fault + Solar ramp down ) in CEB’s study.
3. RoCoF is to be described with the confirmation number above + margin.

$

<Evaluation Indicators @ battery OMW case >
RoCoF(measured within 100ms) — Observed RoCoF is to be a numerical requirement in revised Grid Code

| Ex 1)RoCoF = 2.0Hz/s @ Battery OMW —> Grid Code requirement for RoCoF is 2.0Hz/s.

; Ex.2)RoCoF > 2.0Hz/s @ Battery OMW — This needs to be reduced with installation of
. batteries as per CEB’s system wide protection’s capability. :

Battery
oMW

Battery
100MW

Battery
200MW

Battery | Battery | Battery
300MW | 400MW | 500MW
PUTTALA
M Bus

Fault | Prioritized cases!

6 types of simulations considering GTs’ flexibility that can start up instantly to
identify appropriate amount of battery for frequency regulation

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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<Simulation Cases>
1. There is no description regarding ramp rate limitation for intermittent resources in CEB Grid Code.

2. Inthe PSSE simulation, we’d like to confirm how much frequency is affected due to ramp rate of occur intermittent resources in the case of the severest
fault (Puttalam bus fault + Solar ramp down ) & usual situation(no fault but VRE output fluctuation occurs) in CEB’s study.
(Considering solar trip due to voltage drop if FRT is not to be revised to cover down to 0%)

3. In particular, there should be no load shedding in usual situation.

4. In addition, ramp rate limitation leads to obligation of installing battery with intermittent resources, so it is to be considered that this requirement is
applicable to a certain amount of capacity considering financial impact on small size intermittent resources.

<

<Evaluation Indicators @ battery OMW case >
PUTTALAM Bus Fault + Solar ramp down case : Nadir with Load Shedding < 47.0Hz } Ramp rate limitation description

, . , (Threshold is to be calculated with further simulation
Only VRE fluctuation case : Nadir <48.75Hz(Load shedding threshold) with mitigation of VRE fluctuation )

Battery Battery Battery Battery Battery Battery
oMW 100MW 200MW 300MW 400MW 500MW
Only VRE

fluctuation | Prioritized cases!

6 types of simulations considering GTs’ flexibility that can start up instantly to identify
appropriate amount of battery for frequency regulation
(PUTTALAM Bus Fault case is the same case as RoCoF scenarios, so not need to simulate)
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<Simulation Cases>

1. lIreland Grid Code describes wider power factor variation capability compared to CEB Grid Code.
2. Inthe PSSE simulation, we’d like to confirm how much voltage deviation occurs in the case of usual situation(no fault and low demand + high wind + much

solar case) with PF constraints described in CEB’s Grid Code.

<Evaluation Indicators>

Each bus voltage < Grid Code Table 4.1.B (132-400kV : £5%, 11-33kV:£6%)

— Expansion of PF requirement in the revised Grid Code in case of voltage breach.
* Voltage breach bus is near IRBGS connection point : Expansion of IRBGS PF requirements

* Voltage breach bus is near Embedded Generators : Newly describe PF requirements

Only one simulation with/vPF constraigls in line with the figure below(without battery)

<Generating Units Constraints>

<|IRBGS Constraints>

' thp in-pr Factors of 0.8 lagging and 0.9 Ieadlng, i

e el e sk e b e b s e e e 3.3.1 POWER FACTOR VARIATION CAPABILITY (GCC 3.17.1) AND REACTIVE
POWER CAPABILITY (GCC 3.17.2)

3.3 GENERATION LICENSEES WITH INTERMITTENT RESOURCE BASED
GENERATION SYSTEMS

*., PF0.95 |eading

PF 0,95 lagging -

PF 0.835
leading

-
%) = PF 0.835

so lagging
" . -
"

Reactive Power (%)
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ltems Generating Units IRBGS Embedded
Generators

Equal to or more 10MW VREs are obligate to
— construct communication equipment with NSCC
and keep controllable

System
Communication

Expand the existing requirements

FRT if it is found to be necessary with PSS/E
RoCoF Newly stipulate with PSS/E simulation
Ramp Rate . Newly stipulate if it is found to be necessary
Limitation with PSS/E
Power Factor Expand the existing requirements or newly stipulate regarding
Capability embedded generators if it is found to be necessary with PSS/E
Specification of Newly stipulate
Thermal referring to Japanese — —
Generators requirements
Control Newly stipulate

referring to Japanese - —

Prioritization .
requirements
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