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Unit Commitment- Economic Load Dispatch model

® TRER 22T IN—TITES
Coal 1,2,3, Oil 1,2,3, LNG Thermal 1,2,3, Gas-CC 1,2,3,

HAREESE 123, REREHR  BKER), ki, EBNEE
e BIX, iAKAH: EBEWKE. BEEE

o HNEH : EXBRRRBROIFMC L DRHERZR/NME [JPY/H]

o REZEH: REBHII—TKOIEBRCEDHREBEEAD [MW]

o HEEKH
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- RFIRR -EWEIN, R0,

- AKX RARRNERBEZE, EUNICTEIRYAIRSES
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mUnit Commitment® &1 ¥9 5% {4

> BBBOBREHNRRFEER/IN—TH)
Coal : 30% * FE+&H 7.
LNG thermal, Gas-CC: 20 -30% * FE4&H 71
> ABRNXA, LNGthermal : HALR/TEBEE, 1%~3%/%
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B 2030F0NBIROEABERE Target of renewable energy capacity in 2030
PV REMEZREASHPV
» Wind Low: EROERERELI/LOBRA
« Wind High: dtiE/Eilt, BRERED2~4EDERN, ERIIREREHLOEAN

« INMATR: 20167KHE % 1.2

+tBARRBEORAZSSIC, EENSEHRERE

Asami lakehama_Z019 07277
Demand 2016 [GW] RE target in 2030 [GW]
PV Wind High  Wind Low EV Heat Pump

Hokkaido 3.4 4.5 2.2 0.3 0.5
Tohoku 9.7 21.3 5.3 0.7 2.3
Tokyo 30.0 18.2 7.3 2.0 3.8
Chubu 17.4 10.4 4.6 1.1 1.4
Kansai 13.9 3.4 2.6 0.9 1.8
Hokuriku 1.9 1.2 0.9 0.2 0.4
Chugoku 8.0 3.2 2.6 0.5 0.8
Shikoku 5.0 2.6 1.3 0.2 0.6
Kyushu 18.2 4.7 2.9 0.8 0.8
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Input Exagenous data
Initial Water Level = 40% at Upper Reservoir

Y

PV forecast at 12hr > 800MW ?

Yes

Judgement of Pumped Storage by PV power
PV Pump-Up,
Evening Generation

by Fossil Fuel Generation in daytime
Fossil Pump-Up

Decide Generation Schedule
Optimization of Scheduled Supply Run 24hr

V

Activate PV Forecast system

Forecast Errors of Wind and PV Qutput

!

Decide Control Reserve Activation
(Legelleistung, LFC: Load Frequency Control)
Optimization of Control Reserve

Water Level at Upper Reservoir
Water > 40% of Reference?

Operate next week

Add water
Pumped Storage by Fossil fuel




2030ENDBERE, PEEROB 0 poo- 2016

Chugoku Zone Base High
PV 1.9 8
Wind 0.15 3.2
Nuclear 0.82 0
Inter-Regional Linkage 4.15 4.15
Inter-Regional Linkage
fromgPV/ Wind ’ No Yes
Control Reserve through
Inter-Regional Linkagge No Yes
Heat Pump 0 0.84 *4h*2
Electric Vehicles 0 0.46 *8h
Pumped Storage Night PV Pump-Up,
Hydro Power Pump-Up Evenln_g
Generation
Pumped Storage 2.1 2.1
Demand (max) 11 -10%
Demand (min) 5 -10%0




B AMER, SAD#ER(Wind Highs—X)
xiﬂﬁtﬂﬂ%ﬁh\‘ﬁﬁ% HAE, TEHABORKHE: 4~5GW
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Supply and Load, including Control Reserve at Power Generation End
1
Kyushu

4 May 4 -Sh ortage
< 10 High 510
2 - i - . & . T | T 02 B interZone Import
Bl Nuclear
Bl cCoal
[ |Gas LNG

I:IOiI Independent

I Pump Reservoir

[ |Pump EveningGene
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[ Iwind

-HE Import

== HeatPump & EV
Owversupply

——RE Export & ZoneExport

1 1 1 1 1 .Jl_-l
20 40 60 80 100 120 140 160 180 200 |77 Pump Up
time: Hour Demand

AMERDEL. 5A1—7H (Highhr—RX)

Grid balance in the Kyushu zone, May 1-7, (Wind High case) Asami Takehama 2019 0722




B AMER, 8 ADFER(Wind Highsr—X)
- e AIEF)FY.
. FHEOBRAEBAMAIILIIC, BIRANEYEY

Supply and Load, including Contrel Reserve at Power Generation End
1

“‘:Lt‘.f;‘ ! Bl Shortage
. High . : : o BlinterZone Import
B Nuclear
Bl Coal
. |]Gas LNG

. |0il Independent
B Pump Reservoir
___|Pump EveningGene
| |Hydro Bio Geoth
Brv

. Wind

IRE Import

= HeatPump & EV
——Oversupply

——RE Export & ZoneExport
~==-Pump Up

Demand

—-5000+= — ' ' ' 2—-5000
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time: Hour

AIMERDE#H.8H1—78 (Highr—X)
Grid balance in the Kyushu zone, Aug. 1-7, (High case)
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ljw'l‘l —hEROERBOEEBH(RFEMREZEIE) (Wind highr—X)
o3 & T, %Eﬁﬁ 2N70%% LRIZETE
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|| |:|:| Eggwﬁgs SH (Wind High) Chugoku Zone (May) Base High

. ~ =B o 33 = % = Renewable share in generation [% of MWh] 12.1%| 46.2%
3:1'6“ 71\3 %%%ﬁ%;q;um wﬁl? Hj j:” Coal share in generation [% of MWh] 37.9% 19.4%

o q;. —ﬁﬁwﬁﬁﬁ(i\ %%EJ: BE':ﬂ]E?fﬁ'iﬁﬁ CO, emission [CO, kg/kWh] 0.490 0.328

Fuel cost [JPY/kKWh] 8.13 7.08

Supply and Load, including Control Reserve at Power Generation End

1

Chugoku i L
May Bl shortage
High

-InterZone Import
4115000 -Nuclear

-Coal

|:|Gas LNG

|:|Oi| Independent
-Pump Reservoir
|:|Pump EveningGene
|:|Hydro Bio Geoth

15000 Y

[ ]wind

-RE Import

e HeatPump & EV
Oversupply

——RE Export & ZoneExport
e Pump Up

15000 -
10000 -

-1 10000

=
= 5000

_5000 | | | | | | | | _5000
20 40 60 80 100 120 140 160 180 200 ! Demand !

time: Hour

12

HH[EE X5 H 118 Grid balance in Chugoku zone, May 1-7, (Wind High case) Asami Takehama_2019_0722
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m B — RERHERX D58 (Wind High case)

(Eﬂﬁ—ﬂ

HBIEZ1OOMEERELTHED)

« HECHEMOBIRENO@EEICKY. BE—PE
Supply and Load, including Control Reserve at Power Generation End
Kansa:Chubu
5 x10% Hi;a,:av % 10%
4 - 14

Grid balance in the Kansai-Chubu zone, May 1-7, (Wind High case)
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mEE-FHEEX DA (EA&TH) 18, 13%HIBMDIB S

ERE13% W TH, V-8, YHI<. BAFROURIBRS

.« 9 ~BOME. BREOEBKEGENISIFOBKRE~YVEZ. BREEVEENSY A
DFEEMFADYIVEZ. I FOBRREEAE ChoB/3V T DBESHHENLL

Supply and Load, including Control Reserve at Power Generation End

Kansa:Chubu D- Shortage
X 1 (J4 :.léﬁ X 104 B interZone Import
6 T T T T T T T T 6 -Nuc|ear
i i Bl Coal
| |Gas LNG

[ ]0il Independent

B Pump Reservoir

[ |Pump EveningGene

[ ]Hydro Bio Geoth
[

[ Wind

IRE Import

e HeatPump & EV
——Oversupply

——RE Export & ZoneExport

—1 . . ' ' ' : ' ' —1 ~==Pump Up
20 40 60 80 100 120 140 160 180 200 |— Demand

time: Hour

ER-PEHEX (EE)DEFH.8A1—7H. Highr—X . 2016 DEEKENS13UBEZHIRDIZESGrid

balance in the Kansai—Chubu zone, Aug. 1-7 (Wind High case with demand decrease by 13% from the 2016 level.




s 71 LE 53 (RE13%HIBDIBE)

B EEFE-PEHERDE I RE

BIREANLEERE, 5AT22%, 8A TIL15% DKL VKEE
Kansai-Chubu Zone (May) Base High
Renewable share in generation [% of MWh] 10.8% 22.8%
Coal share in generation [% of MWh] 24.1% 23.2%
CO, emission [CO, kg/kwh] 0.389 0.416
Fuel cost [JPY/KWh] 7.78 8.53
Kansai_Chubu Zone (Aug) Base High
Renewable share in generation [% of MWh] 8.30% 15.4%
Coal share in generation [% of MWh] 20.5% 23.7%
CO, emission [CO, kg/kWh] 0.423 0.467
Fuel cost [JPY/kWh] 9.62 9.88
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Supply and Load, including Control Reserve at Power Generation End

1

Tohoku
Oct
High

RAL10A 1:8

-Shortage
B interZone Import
-Nuclear

Bl Coal
[ ]Gas LNG

[ ]Oil Independent
B Pump Reservoir
|:|Pump EveningGene
[ |Hydro Bio Geoth
1%

[ Iwind

P RE Import

—e HeatPump & EV

Wind High
T—XA
FILLER
10A

19

—— Oversupply
! ! | - | | | | b1 ——RE Export & ZoneExport
40 60 80 100 120 140 160 180 20 B Pump Up
time: Hour Demand
ransmission Power to Inte_F%EIE‘L(JSorted). Export in Positive i:ﬁ rll:T_l %E%%}ig% 2021 E% EﬂE (5500MW)
coon ItEEMIMBIR + HIEDOE D/ KBEKX= 8GW BH
__________________________________ 20% of Capacity N - >
o I BRGEARRT0% EIRAC00RMLLE . ERROHEBRLE
wo. o BIRBALE:61%. HAMHEE:19%
sy —t00sorcamy | TONOKU Zone (Oct) High
1000 Renewable share in generation [% of MWh] 61.5%
. Y e Coal share in generation [% of MWh 8.6%
FOlb > R AR (UM R) reing i ] °
s s CO, emission [CO,_ kg/kwh] 0.193
Four Fuel cost [JPY/kWh] 9.34

Asami Takehama_ 2019 0722



Supply and Load, including Control Reserve at Power Generation End

.I ==
. Bl Shortage
TOL:;: !$1 Oﬁ 1 ﬁ Bl interZone Import x n
><104 High \.-\qu w d H h —
6 . . . _ High . . . B -guclear In Ig x
Bl Coal
[ lGas LNG —'—”
[ 0il Independent ER E E
4| | 4 B Pump Reservoir
[ JPump EveningGene 1 OH
= [ JHydro Bio Geoth
BElrv
= ? Z  EWind : :
[IRE Import Tokyo Zone (Oct) Wind 18.2GW High
-—--HeatP & EV
0 ‘0 —Oiirsj;:;ﬁ}y Renewable share in generation [% of MWh] 39.7%
o ﬁsnf: Tfprt & ZoneExport | | coal share in generation [% of MWh] 18.1%
%o a0 60 80 100 120 140 160 180 2000 @ |COaemission [CO, kgkiWh] 031
time: Hour Fuel cost [JPY/KWh] 7.84

Supply and Load, including Control Reserve at Power Generation End
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Oct o Il Shortage \ . —_
x10* _ r  High !E'IOH o8 Lo =mi:~§;ne Import Wind HighTl¥, ERTHE
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| j []oil Independent ﬁﬂ!j] E I:FEBIC%! "Ej EI

Il Pump Reservoir -—
[ IPump EveningGene ﬁglh

[ IHydro Bio Geoth

L ey

[ Iwind

10 [TIRE Import

—rme HeatPump & EV

—— Oversupply Asami

L 1 1 ] ] ] 1 1 1 1 —9 —RE Expor‘t & ZoneExpor‘t Takehama 2019 0722
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time: Hour ——Demand




Hokkaido Zone (Oct) High

Renewable share in generation [% of MWh] 56.6%
Coal share in generation [% of MWh] 18.8%
CO, emission [CO, kg/kwh] 0.281
Fuel cost [JPY/KWh] 5.94
Tohoku Zone (Oct) High

Renewable share in generation [% of MWh] 61.5%
Coal share in generation [% of MWh] 8.6%
CO, emission [CO, kg/kWh] 0.193
Fuel cost [JPY/kWh] 9.34
Tokyo Zone (Oct) Wind 18.2GW High

Renewable share in generation [% of MWh] 39.7%
Coal share in generation [% of MWh] 18.1%
CO, emission [CO, kg/kWh] 0.327
Fuel cost [JPY/kWh] 7.84

B Wind High o—X, 10R
B EIRE
. dtim 56%, HIt 619,

10A (%, BEHFHA

1RO TRHE

BRM40%

RETHISGWDEHEF| > E B XRISEEAIEE
Wind High X XGBAEADE

S&. 8A, 1A(EAFH ORIV E
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Supply and Load, including Control Reserve at Power Generation End o al L
1 Il shortage I n OW — z
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20 40 60 80 100 120 140 160 180 200 | — Demand | : :
Hour Coal share in generation [% of MWAh] 33.9% 28.0%
Supply and Load, including Control Reserve at Power Generation End COZ emiSSion [COZ_kg/kWh] 0382 0373
4
Tohok &4r10 B 438 Bl Shortage i |Fuel cost [JPY/kWh] 535 6.38
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Supply and Load, including Control Reserve at Power Generation End

Tolyo BERI108 18

Wind Low

- | ! | ! ! | ! | —
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Supply and Load, including Control Reserve at Power Generation End
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BEEHAEADELED

B Wind High —X, 108 (& & frH1)

- BIRENOLE: T 61%, ERI0%

- FILTIE, KIRETBEIHARAE.

- Fit: ERBEHABTE70%DLBIENERTS. RIE>HADERBEERE
DIgHNE

B Wind Low y—X, 10A(E&FH)
B EIRE FI 36%, RHFE25%
s WA TIEIEHBREMNTSA, RETITBF (THLL
c ERBEBEIIFRBLEL.
* Wind Low ¥—XTIlE, BEEFHTIT b, BIRBFIZEI L

. 5%, SHERF, 88, 1A ERFDORIVE
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