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Hi88 : Perez R, S Kivalov, J Schlemmer, K Hemker Jr., D Renne, TE Hoff, “Validation of short and medium term operational solar
radiation forecasts in the US”, Solar Energy, in press, 2010a.
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H 88 : UC san Diego, Intra-hour Solar Forecasting
H 88 : Enlike Lorenz (2012)
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{88 : H. Ohtake et al., Solar Energy, 98 Part B (2013) , 138-152., H. Ohtake et al., Solar Energy, 116 (2015) , 83-99.
H. Ohtake et aI., Renew. Energy Environ. Sustain. 1 (2016) , 37-1-4.
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NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 3 1



FEK R BIERZE DTS

o [NIFHICKBFHIZREDRSURIER,
o FHIODMIEXOTT—),
o KIMHW—TERRETELE,

81 ; Fonseca, Renewable Energy 68,2014

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 32



FEETFUORFENLZFIBH

o LT
- HHIEIOEE
- BENBEEOEE

o IR b EEM T

- REFEHA. BGOFEESTH
- A2N\SAEIEOERDT A

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 33



HDHIBIDAETE (Fuh)

HB8 : https://www.jpea.gr.jp/wp-content/uploads/sympo39_s4_doc2.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 34



HDHIBIDAETE (Fuh)

HH# : https://www.meti.go.jp/shingikai/enecho/shoene_shinene/shin_energy/keito_wg/pdf/026_02_00.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 3 5



(%) LAOEIOEE (Fu)

HB8 : https://www.occto.or.jp/oshirase/shutsuryokuyokusei/2023/files/240228_sankoushiryo.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 36



(%) LAOEIOEE (Fu)

HB8 : https://www.occto.or.jp/oshirase/shutsuryokuyokusei/2023/files/240228_sankoushiryo.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 37



HAHIBIDATS 31—

H R : https://nw.tohoku-epco.co.jp/consignment/system/control/pdf/in_001.pdf (C#%h0EE

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 38



HiE  METI

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

39




H# : https://www.occto.or.jp/iinkai/chouseiryoku/jukyuchousei/2021/files/jukyu_shijyo_28_03_03.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 40



HB8 : https://www.meti.go.jp/shingikai/energy_environment/oroshi_jukyu/pdf/001_05_00.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 4 1



el ;55 4 5 OFHERHBTIBIRETNEESR 55 9 BRENDOMDMERVLIBEIEDFAMEMRETICR T /%R, 2024528

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 42



(2%) REBHDEELE

HER 55 3 0 [MFEHABHIBRE NEE R, 2022678

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 43



BGODFHl

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 44



BGODFHl

H# : https://sii.or.jp/saieneaggregation04/uploads/toshiba-energy-systems.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 45



(%) BGOTFHI

H# : https://sii.or.jp/saieneaggregation04/uploads/toshiba-energy-systems.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 46



(%) BGOTFHI

H# : https://sii.or.jp/saieneaggregation04/uploads/toshiba-energy-systems.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 47



(%) BGOTFHI

H# : https://sii.or.jp/saieneaggregation04/uploads/sbenergy.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 48



(%) BGOTFHI

H# : https://sii.or.jp/saieneaggregation04/uploads/sbenergy.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 49



B TR DSEOGFTE

ZCdD
i1

e ;58650 HIEETEFISE FHB/IRHER ([T

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 50



B TR DSEOGFTE

*

e ;58650 HIEETEFISE FHB/IRHER ([T

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 5 1



FEFRZMOSEDOG M

s EEnIAEYY —R

_T —————

I
Hit

TRIER

Dl
i

EI)=

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 52



FEFRZMOSEDOG M

FAEEB]gE)Y — R CCCEHETE]

—T ————— —r——— -
I .

i
Pt

pigil

/N

= ES=ar

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 53



8 METL, 55270 EERIMIINF—HAESR BN -IAFENNE EN-HABRBRNEER

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 54



meias e hiZEDRESE : 1030

HH# : https://www.occto.or.jp/iinkai/chouseiryoku/jukyuchousei/2023/files/jukyu_shijyo_43_02.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 5 5



EIIFTHIRCH T B EIIFHIE

HiE# : OCCTO
NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 56



BT ARMOSEOLBFAE : FRREIKR

\
ﬁ{j

%fi &QAID)\ ATy R

Cl)=kiel
- KIMDIEIRR —>EERET VIR BT RFIA. HETETIL

ySlSTE il
- HESAT—SFA ORERE?)
- # ET—ADER

H B

— ANXSEHIDF A

- HlElENEIZE0IEE

- [UERAR=ZEAIN—ZADT HNDIF

NAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 57



B TR0 SEOGRE | FiERIEDIEE

AEEEOT A
- HETN7I0-F(EAZE0ZL, BET—INE) >][RFE7I0-F,
- Xix-ZZBIE : BIE. }EE5E.

S ANEAE
- BRINZEHEOTFH —>XIER,

ZENHREZE0O A
— HHNEl. Headroomil{E=
- [BHEIRILF-

NAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 58 _



BT AROSEDOIGRE : €Dt

o AR : FET>RRETIL?

o AR : FEITFH

o R [UREH). HETETI
o REIFH : [UXZEF)

o BASE : ZHA~HFOBAETH-FTEIEHE

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 59



FEH
RBHRBORE T AW LELDI.

52R(CMmITT. EDForecast HorizonZB5oU CFAERZERR (19418 + NEEED
HIE) UTUKSENBRIMNCOWTIE, ERAEOFEEBIgE)Y - AEOREFRNEE,

AT EFRIFEUEFIRETIIAR—RERD, REAM (SRS U RARRE GTEE. EF)L.
gl hwE,

FRRFEOFRIERZRRE. EEEAT —SFIANMPIRBE, FRIFLRLEDTAFRAR
R EIIRFEDRISD, # E57 -3 FEEAT —HILDEIFZERI D AFEEDM)_HEHA
FCE3. UNU., ZRIFREISEE DIz, 2RI TR RIgERYY — RO E (PVD
B OHIHFFEEFE O T FREHLOVED)

NAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 60 _



EZEAFRHEFEEAN EEITSSITHITPh
EEBERRETRIVE-TREFR Thank you for your attention.
Fukushima Renewable Energy institute, AIST takashi.oozeki@aist.go.jp
(FREA)



o LIFEIESZE,

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

62



(23%) FRIOXANRZEDIER

o EEKETITIHNDT—RE XVETIVTHNDT —ADM 5 HMFTE.
o EIRETILOEITN- BIESHIELRET IV EERETILOHE
o XVETIDEFIN>JRETIDOME. XVDELETIILOFIF

EEETIV XIETI
EERETIZIRFMELL THNVETE

8 SESRTWEB

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 63 _



(23%) FRIOXANRZEDIER

o BHBIUVE L BIEEFXOHFEFRINKREIIMBEREZNE T HHDORINHFEZ
172,

OHHSETFRICHEEUZ QIEBHEDK|KKFETILF @F YT IIFHICEDL
K|SRKETIVICHRDBeHFE AHEDRS (CHR D FilTEIFE {SIET A (C 5D 2B

OKI URRT RlFz il D5 5 & 5

HSEFADRKRE"Z

@AS UBROEEERDI=HDE; RAPRIEIR S Bl DT
EFI)IZ2H#ET SZFESIRTGPVE

- DR Bl KGR - KALURDE
FIF U7 B E RIS RS = e
IR AR

EHEE : AIST 164

v
v

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 64 _



(2%F) FAOXINDIER : HiHZFEOFIA

o XVT7IHIIITFIRE AP EUTAEIRT S
)2 BIFE

o HMFECIDADBHRZBXIFIAELT,
FRIDARINZARR TS D2 EER

21X>)0—
HE : JMA
@ B B2 B 5EO LS
TR AR E DREL

SVROFBET

Hi88 : Takamatsu et al., Energies 2021, 14(11), 3245

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 65 _



(2%F) GROF Rl

H# : https://sii.or.jp/saieneaggregation04/uploads/toshiba-energy-systems.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 66



(2%F) GROF Rl

o MMERMFIRIRFETETIAR-X,
o TRIETIL. EAENENZH T NEEMEOEREE (CERE.
o METETN>MEBETNADERICAIFIARIBE (K7>5>I))

HE 20226 EIE & IRRRAILIETTOIS AN R (CETRHFBFROKR TN AR ARRBEFA I RRRERS

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 67



(2F) BROFREG : RSETIOH

H88 ; IBM. UVIG 2016 Forecasting workshop

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 68



(83%) REFHIECHITSRFHE

HiE# : OCCTO
NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 69



(8%) FiGHEHISEDHRESE : 1030

HH# : https://www.occto.or.jp/iinkai/chouseiryoku/jukyuchousei/2023/files/jukyu_shijyo_42_02.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 70



(8%) FiGHEHISEDHRESE : 1030

HH# : https://www.occto.or.jp/iinkai/chouseiryoku/jukyuchousei/2023/files/jukyu_shijyo_42_02.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 7 1



(8%) FiGHEHISEDHRESE : 1030

HH# : https://www.occto.or.jp/iinkai/chouseiryoku/jukyuchousei/2023/files/jukyu_shijyo_43_02.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 72



88 : SE56IFEE D DML R UIRIBFIZEDORAMBNRETCB T 2/F%s (2023412R7H) | 20224128

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 73




(B%) BROFREb - HHiLiE - sk

o FRRIMTORMTFE : AILVEET I ZIEEE, M E5—5EDT7—-FEIE ORIEBAIIA
7—4) BE BIRETRFUEDEDDIERHEIGEENHSI. ERBHFEHFE.

o hNHiE, EEh, DRFIBZEASE, HNIEERIORBLEHE (AYAT—4
(G s (L)1 5 23T.510))

i : NEDOEERE

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 74 e



(8%) LESETIDOKKDEADIAH

L8 2019 FE EIAFRREA IR +— EEXIMESHFEME ZERAERRKREE. XBLRE (PV) OO FARMOSEILICEIZRAE

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 75



(%) KZEREIREHRZAVT I

{88 ; Convolutional LSTM Network: A Machine Learning Approach for Precipitation Nowcasting, arXiv:1506.04214 [cs.CV]

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 76 _



(23%) W ERANFT—HIEFECL ST REER L ORIEETE

o TRIFBEMLICE BEFROMENER (RBDVY-APETIZFIALEO0
HEE) .

o EVMAIMFRICBVTE, BERMIBEIREZIFORBDIY —ADIEMICLD. FA
faEm_EORIEEMEN ®D.

o BFZEMIFEHRZECHUALD., BEOFRENERDT -4, BNICAET—RT—4
REAVIEOIRERFBETIOBENMNE. (BiE. BT RIOm 7S FABIEE

BIETIRET I HMUBEFIRET)L BEFIRET
(HEHD)5X-4) (EHD)5X—4) (BHDI5X-4)

=@ GRENT—5 ERRAT—5
(BEHDIN\>RFT—47)

(O RF—5) (BBD) KT =)
i FEVRIT—4 ih_FEREIT—4 i FERIT—4
(BBERT—5) (R FBELRIF—4) (B1EERAIT—4)

—E TR R EERET LW R
NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 77 _




(23%) RIERAV—-IA-5

8 : https://www.meti.go.jp/shingikai/energy_environment/jisedai_smart_meter/pdf/20220531_1.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 78



(23%) RIERAV—-IA-5

8 : https://www.meti.go.jp/shingikai/energy_environment/jisedai_smart_meter/pdf/20220531_1.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 79



(%) DC/ACLLLDE R

o XISRHAME 2016 FE, XHRMAIEERMIS(CFRREIE%Z MR 9 &#PRICHDE™
XHEFD55, EOEBENGE £Z 35 km2LATD 108 #iig

HE RILNEE @ https://www.jstage.jst.go.jp/article/jsesc/2022/0/2022_271/_pdf/-char/en

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 80 _



(2%) BROFHRZE

7

HE : B 72MRB N RUBHENT O AHOEFCREIIEE S (REIIE

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 8 1




(23%) AHEREDIEE : SHXHE

HE ;. https://www.occto.or.jp/iinkai/chouseiryoku/2023/files/chousei_92_01.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 82



(23%) AHEREDIEE : SHXHE

HE ;. https://www.occto.or.jp/iinkai/chouseiryoku/2023/files/chousei_92_01.pdf

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 83



(2%F) 3RO F B : AKWII{E; Flexibility

Case 1 Case 2 Case 3

/V

O HIENES ; JUE>y (O HIEINES ; PCSOBE (L) kWhiBSRH AL

(CE Bl B OFE% 73
() BHBOHETERENILE
() kWhiBSAZ L) () SRS RALAMILIE TEL)
FENFELETS BT BRERNNE

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 84 _



(2%) [FBROFRMEM REEDREMHE

H# . NREL Demonstration of Essential Reliability Services by a 300-MW Solar Photovoltaic Power Plant

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 85



(2%F) ROFAF FREDRBE (181F)

e Headroomh'w&
e

O s
SG VSM | mmwm
| F i Ny 4 | =T

ﬁ%ﬁﬁéﬁ% —> KBHFE
X +VSM
R i oy 7 _EIRUZyS
3 4 == —_ 1 4 :\\J J—
(3/4) EHRHRETI
1.75 ® PG1_3p 'PGh\;IZigr‘l::a:ﬂ EEEIVEE}J%‘QE =PqL_3p Ipex:ig_;(;raphs ®pp 3p H&isHaE
R HLZ24 \A’irm" P EE 2 HeE
a - )1 T neio ikl Eitl -
e —— R — o
5o | ol e
-K-Sg -222 m"‘wwm NHMW“HWHWWHWWM WM«MWWW 560 qu\ K'\VISI/H VSM b\“ﬁ,"iib{lﬁ
T 2o ] BYIZEHTVSMATREE(L |0 -—— =N Tl | poac =
221 -3 E5fE[sec] >Za1b -3 EER[sec] = s P
(a) KT —2 (b) BT —2 IRANBHIHESAT L

>zab—2arid

H# : Takamatsu, Simulation Analysis of Issues with Grid Disturbance for a Photovoltaic Powered Virtual Synchronous Machine, Energies

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 86 _



