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Motivation

* We deveioped @ shorfme solar  radistion
forecasting sysem named Apolon.
o - Atz soler FOwer forecasting system wing
saelLite imagery estmatic
- % war introduces o the Central Lowd Dizostch
‘Center 23 PV power esfimation/foremsting ryztem
in Kznzai renin 2015
* I mnuary 2015, thene was 2 cegine in PV power cue
heavy snow Cover in other parts of the country,
worzening the eledric supply which was sready
supprazed due to 8 ookl wave st the time
* Sirce s siminr event iz azzumed ta Fappen in Kancs
warked on the imarovement of the Apoicr
into SCCOUN the eMfect of snaw cover.

- Az of March 2023, the amount of Y installed in
Kancai ares reachec 7,000 MW.
= PV mdites are cistricuces over o wice ares
throughout the piain 2res in the region
- Especilly dense ibuted siong the coast of
metropoitan ares and the Osaka Bay.
- Some are instsliec in the nortn ares whers it
frequentiy snaws.

+ PU scounts for sbout 309% of total demand in Kanzai
wenin winter.
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PV Estimation / Short-Time

Forecasting methods for Kansai area

* Apolion iz & system for estimating and forecasting
ahanz

solar radiation up o 3.3 hours

hesizes the two pregiction methods
catetitenases images and (2] Local

uizer e oataite imags: contimously
deliver=d from the westher sateiiite "Himawari® ot
intervalzaf 2.5 minutes
- [2) utilizes LM estimates and predicts the soiar
radiation by conwerting LFM cloud amount data
with the ariginal model
- Themount of saler racifion i calcusted using the
syrihesis coefficient that zjves the best accuracy in
ComBining the tao methods.
* PV power in Kanzai area is estimated and predicted
by muRiplying the amount of sclar radiation in 1 km
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Proposed : The PV prediction

method under snow condition

* In Apolion, the amount of soler racizbon on the
sround surface iz predictes for ssch 4 km % 1 km
g
In creer ta improve the sczurcy far predicting PV
pawer gEnemtion during snow Cover, the Emount of
o radaton on e PV parels were predites
instesci of the ground surtace

+ Az forecact techricue which takes into scooun the
efect of mnow cove, this prper tesed the Shre
difterert metnods;
- Snow Deptn method
- Snow Albedo metroa
- Comisined methad whih camies the sbove twa

1.5now Depth Method

Dezcription
* The temporai change of mnow depth iz predictes
uzing & part of tow meting model from the Istect
matsaragicalcats
* The amount of soir radistion iz calcusted bazed on
e r2tio of PV power generstion according to the
gegtn of snow cover.
Sk Te smount of sowr radiston with
comsiceration of the effect of sow
5k,: The amount of somr radistion with ro
consiceration of smaw
K The Py power generation ratia oy Snow Depth
Metrod
Advartages
* Sl decresse in forecat sccuracy aver time
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SRy = 5B, % K

2.5now Albedo Method

Desmiption

* The tempors chenge of smow  wbedo{ignt
refectance obtsinec from ratelite imager, which iz
Gefines to oe reflecied oy snow] s predied uing
ot o metaaroicgical dteine caten Hmawar:

The: amaunt of soler ragistion is caKculsted based an
the ratio of PV power generation acconcing to snaw
aizedn

SRy The amount of solr ragimion Wim
consideration of the effect of snaw

T :The PV power penerstion retio by Snow Albeda
Memag

Aovenazes

* Grester accuracy ror iztest precicions Ccomoered ta
the snow depth metnod

3.Combined Method
Description

* Method 1 and 2 hawve differing sccuracies sccording
tokend times.

* I order to gain the grestest scouracy for respective
st times, thiz method combines the soter radistion
ceicuated from the two methods by & composition
ratio.

* The composition ratio is obtained by Lsing the least
squares method besed on the errors of zach method
with raspact to the fonecast time

* The sciar raciation iz calosated from the values of
e8ch method and the compasition ratio.

SBpy : The amount of soler radistion with
conaideration of the affactof s
rThe combined ratio

SRy = 7 % SRy + (1 =7 % 5By
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Snow Albedo Method
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Validation

Using the cats for winter from 2017 to 2020, we

esimated the total PV outout of only the mesh with

mow.

- The combines method recisced the ermor by 26-37%
comaaras to the convestioral methed

Implementation into real-life
operations

A5 the practicality of the combined method was
verified in the validity test, the method has been
reflected into Apollon and implemented into real ife
aperations since December 2022

The effectiveness of the newly introcaced methad
s verified.

\wentner concitions

From the aftemacn of January 24th to 23t in 2023,

there was heavy snowfall in Kansai ares, cousing

massive disnuptions.

- The marth comst and mounksinous Bres Saw gk
snaw.

- Even urpan aneas saw oW

Totad amnonn of B4 [MIK]

‘The rezuit for the whols Eanzaiare

e .,prm the camsined method, the pradicion
vz imgraved 2t wny cra Sme. and the
e e oy 430
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Conclusion

* We propocec the Pv power preciciion metnod
<anzitenng the effect of snaw in Kansai arsa, which
2z demorsimied the effecivensss in improving
accurscy when implemented into the achual
opermtion.

* M the effect of snaw on PY i not considersd, the
precicied vaue of FY pawer generation is kel to be
For G fram the true value. ARG, if the eff=Ct of snow
meting is not considerec, it will be impessie ty
precici the recovery rate of the PV pawer generstian.

+ A 8 foreos technique of soler radlistion wiich tzkes
iMiD BCCOUNE the SFTECT OF SNOW (OVEr, we tested
thres gierant metnogs; tne Snow J2Th mesnod, te
oW 20e30 Memo 2nd e Compined MEod
'which combines the two.

We verfes the ehectuenes of the combined
methad on & day with hesvy snawfal.

We cofirmed the new method improved the
accuracy of predictions a: RMSE of Py pawer cutputs
was meduced by abo met compenss to the
convestioral metred
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