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Development of persistence model with maximum output
pattern obtained from measured data
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Abstract

Since photovoltaic system (PVS) power outputs are not stationary, the persistence model, which assumes the
last measured value will persist in the future, is normally applied to intra-hour forecasting. The persistence model with
the extraterrestrial radiation (method A) is one of solving methods and can be applied at longer time horizons.
However, the forecasting errors of it depend on installation conditions of PVS. To solve this problem, we developed
the persistence model with maximum power outputs (method B). We compared the two methods in terms of the
forecasting errors using irradiation data (METPV-11) and measuring data of 6 types of PVS power outputs. We found
that on average during the evaluation period, method B is better than method A, and on clear sky days the advantage
of method B becomes remarkable, however on cloudy days it declines and sometimes method B is worse than method
A.
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Fig. 1 The change with time of #/H., (left) and A/H., (right) on clear sky day and PVS azimuth is south. A, (rescale)

() /max (H,) max (H,.) where max(.) represents the max of
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Fig. 2 Same as Fig. 1, but PVS azimuth is west.
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Fig. 3 Same as Fig. 2, but the weather condition is cloudy.

_69_

Kb A ) F—



T - - K -

ML, AL - ERHERO BT~ DO LEIRE T LD
LWL D ENFIEADOBEE LTS, — 77, FiEBIT,
I - AR OIERCE T T NV 2 NI LT, RO
IR U7 Hut) 152 2 ENTE D, ZTORE,

H(E) [ By (8) DRFRFNDZEAIT/NE <720 (Fig. 2(right)),

b2 THERM L LRERIC, TEB O TPHIRAEIZTIAA X

DHNSL BT EPRENT.

RILICHAT 3 OFERA Fig. 31TR7. &XRAIIL,
A FFI2 70 WVBGEL B I S LM 7 D 7280, H oo A&
DR & 72 2 WL D AR DTS, BRIF B & P
I B EFRNC/INE L 72 B K H SR ORI
%), FOH, RO H HEROEEMEE /NS
Bt HOOWRE, BHET—Z00ERT5FE B
D Hox () TV BFIEAD H(D)ITEDSL ZEWDDDH. £
DFER, W RIEBOWERFN DA, H(t) /Hyar (1) L0 H70N
<720 (Fig. 3(left)), fF3i2BWWTIE, FEBOT
HWRAEIZTIEA LD b REL 2D,

3.2 BHFET—HICKIUBEREDELD

FUE BIL, SORHEOGNL - BRIOERSS, FHEITIESAR
DD, SFESERRESFMHFITBNT, Hu() DIGIRE
PHEH O HOWZFIEDEDZENTED., TDD,
PEHICBI LTI, FEB D H(0) / Hyu () DEERFDZEAL,
DT A ORI NS b2, FEBIE, T
BEA LY S PHRAENNELS 2D,

)y, EREICBTD HOlL, EFERIZHERSE, =X
DAL - ERRC, B Z L D= T~ 205 b7 & i
BT, RERFIOIKIT G B O/K ¥ H K& o
FRICHHE L CL . FIEBD A (01, SEIEoikE
SARIZHENS L2 P B ICds 1 D H(e) (B E B 48D 1A
Llchr—0, FEAD () ZAKFEIIITT 5 AHET
bH12D, FIEB D H(O) /e (O1F, FE A OERIFE X
0 HIRERFIOEENKREL 2D T LNy hole. EORE
B BRICGESUEETIEBIE, TEA LY L PHEREN
KEL 2D,
4. REBHET —FZAVVLER

ARETIL, RBEOREBENET —¥ 2 HNTC, miEICE
VT L7 RraE B S &2 50 R CERIE HIZ 5 B o PRIIRRE
DOFPNEL, BERAFTE A OTHEREENNEL D)
wHE X, —EHIBOFEN, KO, KEBIO TR

i & 0 -RFIEFiE B OF RSO W THREEZ T 72,

4.1 REBHET—F OLHRS & UHARM
FEAICFIH Lo EE N ET — 21X, WMENENICE
B X FU72 PVS @ 2016 4F 3 A BIEME 12 H £ TOREE
£ 30 A AW, FEB O B (0 7RI FHIBME
HEITOW®E 30 BT —F 2B T 578, THlFAZE
DOWFEIE, 4 b 12 AETE L.

F7-, PVS OREHDOSRMIC I DHBEMAET D720,
At 6 T PVS b7 — 2 2RI L=, 2nEhodk

Jornal of Japan Solar Energy Society

_70_

ik, O zQBEME@ENE@OEH Y ORAEL, &
WO EAET VA N (& 1A M oT—X, BTG

WRIAT 22 EbELT, ORE=) 7EFTHDL. A
W U 7T ARHE, I 746 4, FE IR 221 4, R 134
i, RAyUR 330 1, REAIR 165 14, ‘BRI 275 7, JEIRE
I 348 4, #2219 T — % ZFIH L7z,

FIEBIL, AOBAHED £.,(0) 2 E() Ko /hs< 720,
THENFEZHRANCREL 2D ENHD. FIEAIZENT
HIFEERIZ, HOHFHEORKSN B EOE(LERPKE WY
B, PHENKRELS 2D ERZBD. TNOOBREHEL
TR T 2720, TRIEMFREO KK A FHED 100W/m*
WO TRMELE, FEMOXRINGH LIz,

% PVS IZEBT 30 3%em D 3 BRI E TORE T A
30 AEITATRVN, 4 Hv e 12 H £ TOFRIMEAVERL L7-.
THFAZEOZMIE, 4:00 - 20:00 ORI E L7z, F£7z,
RIRZIOFE A, B OTHIEIZ A G THXRENH L5613
AR G4 & LTz
4.2 FREREDFHMIEEZ

T ELAE HE A & A & U 72 2 58 1) (Forecast
Horizon, LAF, FH. $zIE, A= 113 1 EEETHE2E
BRI 2) IS PRI SR M 21T o 72, RElifREcE, )
TEREINT, FHNRIBREDKE S %FET Root Mean
Squared Error (LLF, RMSE) &, (4 TEFZRS NIz, i
ZDIRY (LLF, XA T A) %3 Mean Bias Error (LA
T, MBE) & v 7=,

RMSE = J 1/n zr_l(ﬁ(t) ~E@®)* ®3)

MBE = 1/n Zn (E(t) —E(t) (4)
t=1

I, B EVIFEEEHEOFAE L TREE FhE Nk
L, nlZPRREERMIMIC R 27 — 2 $hk £

AIEE D B BT —Z 12 & 2 iR R ClE, PRIRREDOR
MARER EERACTRADZEERLE. TORRICE
DRI AR RGET 2720, RRDBEWIZ L D FHIRE M
EATo7. REREFRDTIEIEL, FEBICRIA LTS MPL
Rz, miEO METPV-11 ZFIH L7z B ET —# I X
LRGSR 2 IS, Table 1 (ZRd A MPT D4R &
D, R{RAREL 3DIIHE L. TN ENO5EL &

Table 1 Classification of weather by MPIL

Weather .
L Daily average of MPI
condition
Clear 0.8 or more
Cloudy2 0.2 or more and less than 0.8
Cloudyl less than 0.2

Vol44, No.6, 2018



Development of persistence model with maximum output pattern obtained from measured data

5T WSR2 488 L TC Clear, &= KA 4EE LT Cloudyl,
T B O ZAEE LT Cloudy2 & L7z,
4.3 $#HRLEER

PG U 7= RUSE, MBE % =4 E41, Fig. 4, 51T777. Fig.
4, 5 ENEFNIZHBNT, THIRRE L MZRLTWS. F
7o, MEITIENC PVS Z5ff (4.1 2 00) 434, BTN AHmE
M7 L7 Total, KU, R (Table 1 ZM) D58 E R
LTW5.

Total 1%, EDOEMD RUSE B NTY, FI=0.5 TO
BEIXFRETH DN, FINEZ51FETIEB OEMNTEA
F0/ANEL< 720, FEBIXTFIEA O RUSE % KT 30. 3%
)8 (Fig. 4 Total-Regional, FH = 3) S AFEFRE 7o
7o, MBE 13X DI B W CHHMHESRIRRE L 720, 76
& EEMEDOYA MIEFERTHE, FlEA BO UBED
B D & 7R B AN B > 7~ (Fig. 5 Total-West/East).
PLEMS, Total ICBALTIL, FoF&MickBnTh, Fik
BOTFHEREDOTN/NEL 2ol

Clear MFEMTIE, EDLEMED RUSEIZBWTE, Total
TG FHREE 2 51% 8 FIEBOED /N E < 72 DM A3
L 220, FEBIXFIEA D RUSE % 5 KT 60. SWIEHH; (Fig.

4 Clear-West, FH=3) &7z, MBEVX, THEA OEAPEE
X LM E TENENAL EICENRD R, FEBIEEaff
dr & 720 (Fig. 5 Clear-West/East), EiLLIADRIETIX
FIFLE & 7 o7z, LLEND, Clear 2BV TIE, Total [AlkE
EOFMZBWTH, FEBOTRRRZED HIIVNS o
720, FEROET Total KD b RED-T2. F72, THE
B DA T AL PVS S ~DIRIFER A LD b/ S h otz
RIE O BT 57— 2 2 L AR et R ainiz L 51,
RERMENEETH -2 LTH, TIEBIE B.(0) OBIR
ZHE A ORBEITEOIRICTRIZEDELND Z &,
THRRAEOKE S « XA TAICBELT, FEBOFHMER
SN ER E L TEZONA.

Cloudyl, 2 1%, 1T & A EDSAED RUSEIZ BN TIEIEED,
KL > T TFEBOENRKRE L 2D Z Enb o7z (Fig
4 Cloudyl-West). MBEHIT L A E DSV TIRIRE &
AW, PEAE EHAE O Cloudyl, &V D Cloudy2 T
FE B OFNKEL o7 (Fig. 5 Cloudyl-West/East,
Cloudy2-Shade). F7=, Total &I[AkIZ, WHIAE &Hn X
@ Cloudy2 TlX MBEDFF 5 Fik A, B Tifi b 72 o 7= (Fig. 5
Cloudyl/2-West/East). LA ED, ZmKRKHIEX, FEBOT

Total Cloudy1 Cloudy2 Clear Total Cloudy1 Cloudy2 Clear
0.3 0.2
0.1
0.2 /gﬁg
== ol 0 o
e o=* o278 0.0 o = g
(Lt Pad o o TO~—0o| 5
0.1e o—o—0—0—0 & e — O
o o 0.14
0.0 -0.24
0.3 ) 0.2
e
kel
0.2 jrd 0.1
- o9 ‘559 v = e—e—0—0—0 | . _g—e—° _e—e—0——° =
349:°/ > o /0 J o 0'078‘0\-0\0 o=0=8—"C8"c—o 8‘0\0\0 8:°‘°‘°*°~o @
0_1,./0 ././o 05 14 /o /././ 00— ~0wg o\O
.4958:0'0_0 9/0/. aul \o\
g
0.0 0.2 >~
0.3 0.2
ie]
o 0.1 0"
d o= o o
0z -t e 0" e o —o—0—0—0—° —o—o—0—00 |o=0" m
— R T e o ] 008 g o | [#=0=0=8=g—g| "¢ _,__ 2
= o - o—o & —_ o—eo o—o_o 2
= o 2 o7 PSR e S
z e amememe = z o1
= Ll
£ o0 £ o2
= 0.3 = 0.2
w
w
%)
@ 0.1
= 0.2 N =
o - —$"e ol @ —g—g—0—0| @
=T 64859’° o R 0.0 e=¢=¢=g| |o of [p=8=8=g—3=| o= 5
0.11g~*" ee—b (o~ o _e—s—®| O &
" o 0.1
0.0 -0.24
0.3 ~ 0.2 ~
= =
o= o 0.14 o
0.2 g0 /././ o o z
o o o= g 0.010—0—0—9__o_o [®—0—0—0—0_¢ ¢—0—s—0_, _, =2 3
—a=0=2 |q 7 _e—0 0| 5 =2
0.1 _e—* e 5 o 5
0 o7 = -0.19 =
Fl Fl
0.0 gl 0.2 gl
0.3 0.2
0.1
0.2 g &
_o|% 0.0 = = =s—2—e|%
0.19 /O/O 0/0:2 /O/O i T i
' o—ee—? —e—* o -0.11
e=e—* oot | eV P S
T _—e—e—— Ul ot Togd
0.0 i B -0.21
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Forecast horizon [hour] © Method A ® Method B
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Forecast horizon [hour] © Method A ® Method B

Fig. 5 MBEs per Forecast Horizon of method A and B
for six types of PVS conditions (Total: evaluation
for the whole period. Cloudyl, Cloudy2 and Clear:
evaluation by the weather condition).
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