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An advanced analysis method for grid connected PV systems is developed in this research. To investigate the issues which may

happen in the clustered PV systems, “Demonstrative research on clustered PV systems”

is being conducted from December,

2002, in Oota, Japan. More than 500 residential PV systems will be installed in the demonstrative research area, battery

integrated PV systems are developed to avoid the restriction of output power due to the raising of grid voltage. Annual

performance of commercial PV systems without battery is analyzed and resulted in around 80% of performance ratio on the

average. Over voltage of power distribution line and snow are two major factors of very low performance ratio on daily basis.

Effects of batteries are also analyzed, the results indicate that there will be some improvement for the energy loss due to the grid

voltage but PCS’s efficiency will be around 8% worse than that of the commercial PV systems. It is also found that the

non-optimized operation of battery sometimes results in the fully-charged situation during the noontime and maximum reverse

power flow may not be minimized in this situation.
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Fig. 3. Angle of incidence and refraction
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FHEREOEHAEZ, ToOROARNENCEHEINDT L
AEWEH B R Bl L CRER, HEENRED L IIC
YIS NI E R DT CENEICLLTICRT,

(1) PCS-OFF IZ X 542  PCS MEILIRREICH D L f]
ESNFET—XTlE, OO AFENS KB REREE
JIEN PCS EIRIBIC L W Kbh/= B %2, LTOXEH
WTERIT S,

Loco =Ep, =E g =Ly o, (18)

T,
Ipco : PCS-OFF #82% [kWh]
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Fig. 6. Flow chart of loss quantification

(2) PCS HEARRBIZL DL Py PCS O AT
Az 556G, T LANLOMNEIINHIRI I, HEN
HETD, TLADPLOMNEE - BROAE RT-HE,
HH L LTIEMPP S A~y FTHDHN, FIAILPCS DA
RRIZHDIENDLRTTEZLTND, EV2— /WREIZ
EOFTHABAICLVHIRESZIT 5720, IREBKIZEZE
LT, 7235, IREMMEZOE I PCS O AT HiBH %
B2 DHAORBEREBEKT, 4RO H B TIIoBER
EThol=lmd, BERELE LTERVE-> TS,

ZPCC:EAS_ZIP _ZI_ZA_IS_EA ................. (1 9)

Ipcc : PCS A REAEEL [kWh]
E, TVUVAMNENE KkWh]

3) ZHEBELFEEEOZDOHAMIMENIC L DHEK
PCS HUMHEIEN 107[VILAETH Y, BESD S H 1)
RIEIZH D Ll ENT=T—% Z v, LFORANHHEK
BERMT D, Lpee ERICEBIZEY, BREBRKIEEL
TR,

~

or =E s —lp =1, =1 =g —E, . (20)

T,
log @ HJHIHIHEZ [KWh]

(4) MPP I 2~y FEEEMANCLLELR 3.6 THEN
72 £ O T I IZH D] IRV G A O MPP 2 Av v T
BELEENDN, 22 TIREANTEE LS RBRBELSA O
HAMmHHE S LU ToXL v IBAREEZRHIT S,

ZMHV:EAS_ZIP _ZI_IA_IS_EA ................ (21)

- -
— — 3
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Iygy 2 MPP X 2~ v FEHEEMIC L 2K [kWh]

6) EELDHEK EENZ L HHEIRIE, FEEIZIEA
FIEHENIE & PV AT AOMBENEEN TS Z LIk D
HHRENIZEALETH D, WEHEKEZEBEL, UTDOKX
Lo THARERETT 5,

— A

AT 1+(05pmax‘(Tc_25)) ............................. (22)
L =E = E e, (23)
l,=E 1y, —l,—1,~l;—~1.—E, ... (24)

Ir D IRJERK [kWh]

Ip EENC X DK [kWh]

Euq o IEVERBREAFIOREMERDOT LA H)E &
[kWh]

6) FDiE% 32 WR LI HETT — 2 2R
REICSE L L&, COBRKEROFE LR Rro7k
FAICEENDIHEAE I CHEHET D, VAT AICHS
DIRBRERNENGS, ZEAEDOT—XIXZ ZICESE
o,

~

o =E Ly =11, ~l—1, —E, ... (25)

<

lo :ZOMEK

(7) PCS TOHK T LAMLHNSNIZETEX
PCS [ZTARMICAEHE NS, ZOW\BRTELLHREZLUT
OHTHMT B,

Lpcs = E ;= Eppg oo (26)

(y

-
—

ZIZT,
locs : PCS TOH% [kWh]
Epcs : VAT AHJ)E T & [kWh]

(3:8) VRTLHENRREBREDFHE Pl ED Ik
ICEOROTEZRMEICLY, VAT AHIMRE & KRR
DEREERD D, AT L H F1£%%E (Performance Ratio:
PR)IZ

PR =E,g/E g i, (27)

E7p 0, KHHAEIT PREKEK, HEAELY ExTHRTILHZ L
2L VRkE S,

(3-9) —H% PCS IZBIT2EBMEKREERX 4
IS & LTz — K% PCS 1281 D& BB HE kL
%, Frx—Yar he—J550 M - BiRMTToOEHEOF
HENBRE S CRIFACE R, Ty —Yar be
— T Lok FEMOACKEL SO RINERLE,
BRI DR IR PCS DWW E S & G T—F% PCS
WL DHERELTH -T2, PVTLALOHDIEIATIELTD
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DRI 72 > A 7 LEERR ] 2 100 KefEl &2 &, F
B Ry AT LB AKW]D Y AT LAREE NI
400[kWh] & 725, —J7, EEMAREITNIKWh]THY, Jik
BEERE 70% CHIBEZ 23 TR L= A 0B B RS
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IR 13%RE LR D,

4. HRBLUEE
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2004 45 10 A5 2005 4 9 A £ TOH 1 R OFHAR %
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ix, 2030 FOHARENO KB FEEY AT LEANE
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100%PV > AT AHVE A S H, & 5 ICHUIR—H 23 [F— Bl AR
RSN ORER L BET D LB BND,

(4-2) T™WHRPVIRTLOEAEME 2004410 A
5 2005 49 H £ TOMIZEHHE N 1 FooT7 —% v
TEBEMEFZ2WHIR PV U AT b OERRERE: 2 7T L
Too FEAT MG M P I IEYCRFOE R S o4 300 BFLL k-
OHFND, ENTICHERT — X NEH D TWNDH VAT AD
F 100 HFFREE & L, FENTORAIMNIL 30 B & L, 72720
REAEMT IS BV TRk & e RN K 0 BRI AESIR
Bl oo AT ANRE <, 8 LK 30 A OfEHr I o
I BICIRFIRIEBIZH D HEEALTWAHERL WD, %
R ABIORERICENTIE, —HOREAREENED S
HARFIRREIC S - 7 BIE D S%LELTFOH DT —% DA%
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LRI ORI i, BEIN TV ERFEEE EFICED
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Fig. 7. Annual result of commercial PV systems
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Fig. 8.  Box chart of commercial PV system’s results
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Fig. 10. Result of battery-integrated PV systems.
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