The 8" TUAT PVST

#8[m

HRBRIAY A%l ERETILHE

KEARB AT LHARERS
i LR

20064E3H 25H (1)

IE: REEIXRFE XFR RIEBMHEE

21 5B
e-mail: kurochan@cc.tuat.ac.jp
http://tuat.ac.jp/~kurochan/

EZKRFEN RREIKXKE K¥Fhk
HAERPRMTARE £EFHFHRLR
T184-8588 BFAR/NE 3 hET2-24-16

TEL: 042-388-7132  FAX: 042-385-7445






RARRIKRFE RFRE ERETFTLERE
RKGARE L AT LHARRER
THR&

BifiE B
TR 1 8E38258 (1) 138~17840%

BAHES AT
RREIKRE INhZE&HFvrV/\X

NM1SE 1 B2

T HRBIAY R¥ERE BREFLEHE BIFE=






ABREES X T LARRRERS
704554
Rk 1843 H 25 A (1)
WRET RS /Ny oA #1588 1R
CBR&IZ (RES) (5113 8h) 13:00~13:10
]I. MEHRK
1. FEEBE S (1)
(1) KEEHRET AT O 5 HF5E (Tt KES) 13:10~13:40
(2) KEBKBGERE Y AT JMIBET 0% (b~ (T (i) 13:40~14:10
)
(3) Rzl - R T A KBEREL AT L (T 7<) 14:10~14:40
T A — FLIAFEO— A —
KB (a—e—TJLA4Y - RRE—F2AL) 14:40~15:20
2. EHMZENS (1)
(1) =R —ERRHMT OIFIERE R (D2 k&) 15:20~15:50
(2) WA L— & O BMEE R H (D2 FHA+Jz) 15:50~16:20
(8) THEPHEBA KR E S AT LEGENFSE] 2B (D1 AEME) 16:20~16:50
B AT NEEM
3. H AL ) BRI 3 v AT LA DR (B )11 ¥ Bh) 16:50~17:30
I #&Hylz (H)113%8h) 17:30~17:40
V. 8BHEE 18:00~
MR F ST, EHER— VI TREASZITVWET, G EE)

@ﬁ:ﬁﬁ (I—E—=TL4Y) HIZ, UTORREZ—TLEYT—
KB F8 8 D 1 B B e E BT I B9~ 2 A 5E

-K%t% AT H O BEERRER 7RI B B RS

c FABRRETE Y 2 — LD AT KRR IR

o KBFE S 2T LEHT — Z & A T SRR = BEARAT BRI B A S

- RERLCESRE DT 7 T 7 BRI BT B AT

« KB A BRI R 15 DA 5E

o FHHIR O KGHEIES AT LART 2 v ILOHETE

« NU—IC 12X % PWM A >/ 3— & DB

< RRBLIAKE 2 AT B B EHEE TS

-« KB O RERHME D BA S

« WEBESLED Y — 7 32 2 L— X O L ER

« T TR B RO

« PV A U —H R REEE NG/ MR R TS 1 0 B %

- KBEWEIEA N — & OF X LVHIEBSEE DS
s R v RarR—=HDESFRFE~DEH

« HTRUK RS L D RN ERRFET I

- KRBT LA VI 2 b— g ST AR

- UE— MBI UTICE D KRG E S AT L EIREOHEE
- FHEAEEIC iéﬁ%t%ﬁ/XTA@E%B EEEOHEE
c NT—a T 4 v a O EMGES SR A EE 2 B3 BT

Program

13 HE~17 ¢ 40 45

VIAVEAIFETY,

(D2 k&)
(D2 HAJ&)
(D2 &)
(D1 #E M)
(D1 %)
(D1 JI1igr)
(M2 H )
(M2 #k)
(M2 P4 HH)
(M2 H:EF)
(M1 /)M
(M1 “FH)
M1 A
(M1 JER)
M1 88)
(B4 1%=#%)
(B4 L)
(B4 #z#¥)
(B4 #%31)
(B4 '=A)

March 25, 2006

11
13

17
19
21
23
25
27
29
30
32
34
36
38
39
40
11
42

1






Proceedings

AEARBL AT LOFMEIZEET SR

1. [ZC®IC

AARIZEIT 5 KR E (PV) 27 A%, 2004
T £ CICAFER 618MWW (R4 1, 194MW,
PV news 2004 F-HEEF), SREFRMA® 63TMW  (fH
RAK : 1328MW, 2002 FEHERE) & HICHAREE 1
NTHbH, EEROTATNIELTIE, HFEK
#J 170,000 #F, 620MWp (2003 “4-FEHERY) 128 &
S 2010 HFEFEOE A B 4,820MW (2%, 2030
M T EHEMEELRE SN, BABHET
102,000MW EFEEINTWD, 5% b HITE &N
ez LR TPHEINS, F7- 50 4 100 F#4 % A
Z, EHERO—HMEHI ZEaEZDHE, AR

(kW) L [RIFEZ, FEEE (kWh) MWEELRD
ZEEALBNTHD, FOREDIZH, HEREHRO
i PR, “/X?A@{ﬂﬁfﬁ%nﬂﬂﬁ‘ﬂ‘é EIXIFERIC

HELRPEOO L D TH D,
2. B

ARBFFEETIL, FHIRERO T 4 — Fo3y 7 25|
L TRIE - ﬁmI CRHTE, EEMEHTS LT

b EERMEDETEE L UOERT2 2R T
DR FEOREEBEE LTV D, PV VAT LD

&8 - ST 52 2 EHME LT, PV Y

XTA@.:JHE'JT 2% iz, SRR
E 72 FF i 5 ¥ & L T, SV(sophisticated

Wﬂ&mhﬂ%%%%bf%toﬁﬁ%Tﬁ,ﬁE

FTOSVIEDOF EDIZOVTHET D,

3.SVik

3.1 SVEOHE

SV IEIE, VAT AOHEBEEREEE - P - ERA

KE & (BX(IF)

pl

ROHEMALET L (L 4) b~ AT A E
NE1OMLRHMETE 5 LL 0 £ THET D,
32 RERHE

SREWNE, BERFHNT — X O AN ER L A
STWA, HE & LTI, HAMRREEORRZ
XU, EHIMARESTIISNLRWE D A A EE
DRER EDESEAFFEL TS, £ RBEMEE R
et 2 2 L0z T, i#Y8 LEBAICIIMME
T —Z OMIFEEIZLY, KARWET, BT
— & L LCHAHAT 2 FIELMERZBOL 9 —o20
BHERBMTH D, LITIL, ERHAT—% 2
ZHZDHEBEIZHOWTHIET 5, HFF~OHEIX
K[BITORGEEM (H 21X AMeDAS) 72 EF D4tk
T —# L DlEIZLVITS, AMeDAS @ H s
MDD HFHEOHEITIRIERICLIE S Z L %2F)
ALTW3,

)
@
®

FHAR DOREZ O
BN St D i BT
HHEONEZW
HQ—I‘D-I'@FR%\X
H 550 E XK
HEFHZ )5 B &
- Hg—fﬂ+® ’ﬂﬁ ﬂ;h
@ FHUT— % o B fE
3.3 SVik(LAJL 4: 5EHAST()
LU 4 0%, SV IEDEARLE 25, MLEFHHIT —
2B L OB RE 7 BB &2 T,

2 E)E b LIS, BRI TR T 5T — s RIS~
EONTY AT MEKEIA & T 5 T C b (DUt A A4 t Ha [kWh/m?]
%, SV T, & 1I0RT LS T > 2 1o & Q7 LAMNENE  : EalkWh
DL~ UL R B IR TEY, BYEAEEAR T @y AT LB IR : Ep[kWh]
e N NN DL LB RE . o
— 2 ORI L 0 TR BB S e S s,  OF Ve VRE : Te[Cl
&1 SViEOFE@ELRIL
R |BRNE| | LAY RT vA7 AEHE %1t - | myiem | am|pc x 2| <0 2| uknow
A RME|Y | R S L S| P et | BE ik |8 | & | oot | ¥ o factor
“ 3 A O X X X X X X X X
LyLo| x x x O |¥vAFTArBHOH (E*g%)
L0 x x X O IMA®» Y (ﬂﬁg) X X x X X x X X
LU x x x O [¥AFrBAHDH| O A x Al A x x A A
VA2 O |« |« | O [HEDUtofES © O A [AT A [ A A O [ A
VB O | x | O | O [AEUMOiEID] © | O A A A [ A | A | O | O
L3 O @) X O |AFPAOH#EID| © @) A @) A A A @) A
v~ O | O 1 O O] 27754 © [0l ©® ol 0o 0ol 606

ED
x, A, O, OFfiiL L~V 4%EHEL 35 A% FHE
HEHEICIE, SBTES—F/UE

EVa— VIREHRITIE, EE BHEESLNE: BRRIE, ANbLE

T VA HARERITIE, A o AN—ZHRERBBE, T7 3V %2F]
VAT AHABIERIY, VA,

AEHERESDHD L AR, AFAOKERH E

B, #ELF—28HNiE, AR, ARAOHER L

March 25, 2006
3



8th TUAT Photovoltaic Student Think-in

~ R R~

OISR E<EER

QA AR X DK

WL DRI X DK
@AamBEAIC X DK
OERMEIKIC X 548 %

©®7FEN - Ll - EREAERER EICLDHEK
DRI —a T 4 aF AR A%k
@A v N—HIZ L DHHEK

SV ED A A %, BRERIZH &E O Y RNEI
EVER LI-ET V2 EATHI LICLY, HEE
SEERREL L TWAETH D, FETNAETA D
L OFHTFT—Z 2 HNWT, 1 » A oFHE&EE
EFNEREETH LN SVIEORETHS, 1
A OBERET VI, 1 » AT —2%FHT5
Zlicky, BT —2DSOE#RE LT, PV &
AT DA OFREEHR-OFREHEREZEATHZ &0
KA RERD

B 11X, HEoRAMECOFHEK THDL, T 1A
HAOBHEEZFER Iy FL, BRI L DR
KENSZDOH O AEORELETREREESD
TENTED, UL, BEEREEATDH LI
TV RzETHD, Fi2, B2, 5Bk -
ERABERARCICL 2K, TRbbHNEIC 1
WHeB LRk (1 » AR, —EERE) OHft
ETERZRLTVWS, 2T, 1 BFREECERSES
FRBEAEZEGIREDL, 1 YAy bTHZE
(&0 BEER], FBIRES S BREEICK D&
WHBRE L, IROERLS ORI N 1% FL
DFBHZLENTE D, ZhblE, MEHTFIEL Y
MEROBEICL Y EB LTS, 1 » ADHEKELE
T, M AFHARAENE - B3 2 BT 548
KEBANLTND,

1 » AoKEHET VEHNT, 1 REEfET —
2 DK EEZ RO TN, HEE - ARAKFELSL
OFRKICELTIE, 1 Bl S S IcBERHET L
DD, AIEORKRELEHOEHHELE FEEL T
ARG

B 3 /%, NEDO B TH 7 4 —/L KT A MT
B DT — & il Lo R B Th 5,

1.4  Hourly array output
o EAmax

e HAgmax
1.2 g Extracted maximum data of HA  ——

“~ T

5% = O R B
EAT at same time to extracte
-] _ maximum data of HAg

Yield [kWh/m”/kW/m®], [kKWh\kW]
(=3
~

00 i 13
0.1 | | |

Time [hour]

K1 BRAX#EEDRE

TUAT Kurokawa Laboratory
4

1.0 T T T T T
| | | | |
0.9 Standard Performance line <
| | | —_— ~
=08 Ideal Performance line j | vuﬁﬂ"-
% 0.7 —|—EAsS — - & Yoo
Z 06 [|—EIP (4*‘ s
Sos | L EAT e
|9 /f"'
5 04 &
=] f— :
=03 ‘( .
3 0. 5
= Pt
0.2 i
0.1 5
=
0.0

00 01 02 03 04 05 06 07 08 09 10
Reference yield [kWh/mz/kW/mZ]

25N S ERBFERELGEICLHREMTE
DRE

PC R4 34 2% A2ni—4 7%

BFES 7% “|||'
i gl |
BE 6% : Unknog}rn factor
TOM 7% S E N1
66 %
A fatkiptt .

5674 . 2001112 1875
SV method Vet 3.2

B 3 SV km:#EAHI NEDO 74— ILEF Ak

34 SViE(LAJL 3~1: BEMFE(E)

SVIED L~UL3~11%, RiHllT— % 0%k - FFEIC
FOHED, LA THRERIHIT—2 D9 b,
HHEEICBE L CIX, #ENRHEL W=D, HEENZ
WIGHIE L1 E R D, D /NT XA —H 2D T
L, TVAHDEHEE, HUEATHDL AT A
HAOBHEE A L R—FOREEZHNTHEEEZIT Y,
Fi2, BV 2= MEEOHEEETT MIOWTIE, 7
LA XA TICEDBERAPRES N TN D, HEEICH
R IR T OK[RGEET — X &2FHT 5,
ENCKBR RN T A—2 Th D ARENENTHN
X, KEFKEBHHEDO A v > 21 HoRE L TR
v, B EGEIZETE 2 DD T A—H 10§ R
INENE LTS,

35 SV k(L)L 0: BEHARE()

L-UL 0 T, HHEFHMAEZIT>Thendod L
TW5D, LoULb 1 & DEWVE, HECHEREDOT-D
HER—2ZNAMEL R85 THD, ZNETIZY
AT L TENEOHFH L THDH A MZOWT
P2 L, B E S D T O Y MEEZ R LTV D,

4. F&H

PVORHIi Tk & L TSVIEDRREEZB Z o7,
WD 2R WEHAIT — 2 22 D ATREZR IR Y DR K & ;
R OHEE 2 rIHE & LTz, #HEERSE O E BRI 72
A IR ORM AT 3, BLBPE T & e 72,
FHNAM R FiELE LTHARETH 5, IR L
LU CREM 7 MG EERRE 2, 92 & L CRHAID S FHil o
FERD VAT DEFEA~DIEHBAE B E LD,



Proceedings

KREXKEAREBL AT LICET SR (BEADER)

1. IXLBHIZ

TRt FTREZR F IR | D3Rk A i BIRE S
TWDD, ZOREBEOHF TRENREES AT LT
FEHERMELEDODTWDZENRZ, RNHTSH,
KA > ® WBGU HMERK L= Rkt ss g o>+ )
A TIE, 2100 FITIXKEGEMSC KGR E R L
WCEDPER AN —FHAOZ XL —F
D370 2% 5DDHETH LT,

DX, KEFEMTHER DXLV —B%
BB DIRUCINT T, WA s 1< 3 1)
DR R EY AT L ORI EIRET 5,

2. AEDE=

WE L) L ITRE SN D Wb IE % 1
LB THDN, EERICITEWE, s, ik
REWANAD D, FRZ, BERMEITIEE 72 ik A
ALTEY, FHRGFNZ W2 &R EY
AT HZIEE L TW A,

T, WEIZIIEWARNERD S, B, H
ARIZBITH2HEEEFEICBITFAINE DDA
EREOEMBERE SR AN ELZ T2 & B
1L 1,268kWh/m2/4ETh 573, T EWFEIT R K
Db mBEEICMNETLIICLE LT
1,701kWh/m2/4= & AR ENIEEIZZ V), I 51T,
WE AT OV N T W E A EIC BRI,
2,685kWh/m2/4F- &\ 5 HE DK 2 5D H G &H3
TFAET 5, BHERIIZIE, AT 28053 10% D K
KHWEL AT L% T EWE~ 50%0D HfHE Tk
EEIT O CAE LT2%E. K 381EJ DOIEEN
FaA®, Z X 2000 £ R D 1 KT RLF—
DIEE R TH D 384Ed S IFITE LV,

EHIT, KBEREY AT L5 L2 EHR W

B
RO RLIEL
TIE%L

SR R
-8

-TEREDH SIS

‘2= BE5

FhiEHbigI=d
; e
\ BWT L\é

X 1 R & KGOERES AT L DR

Pk H— (EL(TF)

HEBIREKZR CHIX Bic#EEs L, Eed
WOANEL D, DF D, KEEKEEREY AT
LT U7 BHE, FERICEWGITCIE e, 7
FHOTLIZHLHDLDOTHD, ZNHDOYREK
1105RT,

INHDOHERND, WERFORT oyl
KBGIEHE Y AT LEfatE, =L —ME
HERIRRE L 72 EORBEICER Y flie 2 & 2 KEM
ELTW5D, M2IZRT Lo, EfE=rLX—
BB (IEA) % &, PVPS #5FH0 R K
BV AT LAOAREMFETA1T 5 Task8 EEY
—X 7T N—7 (WG) ZFilb L, FEITHER
Td 5 Task8 DEN WG, = L CTEITRAFERZE
COE OWE WG @ 350D WG BNEAR Y H - TK
B = B,

3. KHAED B/

AWFTEIE, B SRS EE DDA KA AR H i
HOWELL, KB KGR ES AT L E DM
HHoFAEICOWTERYICKRFZT 5, &
R RTA~EG T2 F 2T L, EBRICEIERAR
PITORIEEE L LTDOY AT ADHRE TV, £
HH - BREI 2N, LCA (T4 7% A 70
THEARA Y NHTRE) #AOCCEHMET 5, £,
KGHFE Y AT LAOEFEM, HERRR{E~D5
B OWPEND OEER OB L ORI & i
L, ROz 3L — L REMNEZ R TR
T HAMREME A DT L, KEEIEE D KIME
ERERET B LD AT LERERT 5,

Task8EEWG

¥,
ABRBERELFKE

DATLERDT=HD

RE-£%

Task8ERAWG

]

ESTeCHIEWG

Iz, i,
KAEXGHARE KBARES AT LERAL
DATLICETS | ERiEHhiE L=

SRR - BRATEASE\ M- RERBRRASR

X 2 WO 31T B KGR E S AT L6
RIEHbLAR T —F T T —7

March 25, 2006
5



8th TUAT Photovoltaic Student Think-in

4. 770—7F

KEBAEARE IR E S AT AOFIIZIE, T4 7
T A 7NVl TFER R DE L TWD, ZOTEIX
JFELOBIE ORI - 1R, T L THEE- U Tg
INETERMGE LIETIETHY, VAT A2K
DA RMREATRLX—, JEHY % & EMICHT
M T& D, AHFZETIE, BFORESENDIE
TR b, BREMNZRESND, TXLF =M Ny
7 2 A L(EPT) & CO2 HEHFHALD 3 DDIEHE %
BHL, #HMEEIT 9.

X 3 \ZARWFIE TIT o 7255 - FHIEHE 2R,
KGHFHEL AT LT D7 A4 7% A 7 A5F
MIITHONTND, K 3ITrT & ) ICIA#FHIZ
ﬂﬁ%ﬁot_&ﬁﬁﬁn@%ﬁf%é El
M 412 AT AOMEERT, RANCEEH OTRE
AR EEATV, AT LA BERET D, AT
LA BB DET250kW 2=y h 220% 1
IN—H~FERE L, FARL725 500kW == R &
T 5, ZNEEEHANT 100 MW &3 %,

B E 5

‘

B3 @

Py

X 4 3 AT AHEE

Fo, HEY AT LAOBFOTD, 4 DD —
ARLT A ZAT D, OREMRD L : REDHK
BT, @FVa— N A T O S5k
b, 7 ENT 7 AR BB OKRBGERMTEY 2 —v
O, @WE O HIEPE D Ll IR H 5 &7
EOHIEEOME, @BRLEE L O BE
BEDHRMEORKE, b4 5D —AZX2T ¢

TUAT Kurokawa Laboratory
6

ATV, RERY AT LR E TR,

5. #&im

HERIRBE LA LA R B O RE 18 72 & O BR B RE
BRI D729, BRELE CEN KR E Y A
T I KB DS B T WD AR SRR i e~ SRR
IRRREEREL, TA 7V A IO TREE N
TT izgfnq:ﬁﬁ Lf:o
o TXNX LR FRERART T ¥ L

RERXEBEL T T iiEoCEEETHLE

WI-T VX — AR, KBRS E Y

AT LD 2 FHBET LR —LEL

<, VAT LDOFEMEBZET X, {LaBREE

b U CIERIZ = L < KBG= % /v ¥ — % F

HRTREZR TR IR AR RIRE T H 5,

o HUERIERZ(L.O 2 B'— R Z 40
TR FBEHFHEALIX 10-20 g-C/kWh &

HHEn/=, Z2hix, LNG kKHDH 150

g-C/kWh, AiHAkIIOHK) 200 g-C/kWh, ik

kﬁ@ﬂzmgC&Wh&%ﬁLT#%_mé
o BT, KBOEREL ZT L1F, BHEEN
m<,kﬁ%$%ﬁofwéﬁ¢u%$?ét

B, RIS OPEHIHI R R I T, HIEKIR

O AE— REZMf C&E 5 EF 25,

o KFHFEME Y 2 — /L OBEANFEAL - w3z
¥
BEIAMISHEEY 2 — L E2 AT EE

G R i & T &z, L, 1 Th

2 BHARD 4 USD/W OBA D3 E = A ML 20

UScent/kWh & Effi T&H 5,

o IE7 KHB KGR ES AT A
BRA IR —AAZT LIZL VAL E -
tﬁ@@ﬁﬂ@k%ﬁ%%/XTbiﬁ@i
72D,

> THA AT a1 EANEY AT A

BEDRERIEZELSTHZEIZEVES -

OB, X0 2, KEREA
ﬁ@yx%Akté

> BNROKBEMEY 2 — V&2 -
/XT.A

ARFFE TR L 7= 5 FEO KB BT Y =
—LDHH, 15.8%EHoELEIERTH
HRKBGEME Y 2 — NV E RN AT A0
i &7 o7,

> ﬁﬁﬁxﬁ@mﬁﬁ@&%
KB C R RSN LI2GA, T
T W & D& B B SO ik~ DO F%iE )
BE LW,
R 2 MMAE O U~ &
&)« AMEEPBEIA MIE XD EEBIIRE
VW, EBHHOa A FHRNOHURAEE L,



Proceedings

R IRHE - FEZIRMBICHE T EKRBAREBR AT LICET WK

—EVITVEOTF—R—

1. I

FLIR « HERCIRHIR O BESE 1T —IREE DN ETE
ORTHEMAFH L& n 20, i, R
DHE T, BREHERED 25%12 6 I SIAKRA+

HEFIHLTEY, £0IF3E A LITHREMTH D,

FIER EEOWEMCIE, DL TBEIZE D K
7T, ERERSUEDR— R TH Y, EiLEFRICA
H O INEA, 2R JE OFERDEZ 2B & 72 -
TW5D, Hughs 72 & AR &l a1l 78
DL S WAL & Z DO EAFER DL > T
Do

W RS D AETE K UE & AEPEME DR |, BIZIE, #
ﬁ cfEEEaEt—E 2 om EEERIEEDOA 7

T & U CEINRAIRTH D, /N K
%t% VAT L (SHS) 1%, EWREOT A 7 A
AN L, D OHBEEIROA RN S
t@ﬁkﬁ%@ﬁmﬁﬁﬂﬁkbf%ﬁéﬂf
W40

2. WREEBEGE

AW TIL, R - SRR 35 1T D WERUR
ﬁmki@ﬁ@&kmk%k%ﬁ/XTA%%
AL TWL GH OHISE A YEZ REAET 2720 D
ETFINEERL, T—AAXZT 4L LTEVANL
iz B HgE S A REE LT, 7 e —F
ELT, FTHINE»D, KBz X—&ED
FEAREAN & KRBT S o — /L ZiE R - PEEe
I, T 4 —L RIZEBIT DMK T A
T LOBROGHE - FHEEZIT o T D, £,
SEOMIE DS, KB AT LAOFHAEF K
#éuﬁﬁﬁ iofﬁﬁggﬂﬁ%%,:~f,

R SZOW T 21TV, K - m%wﬁﬁ
%%%# Lto\ﬁﬁ%ﬂ% Kt E
T LADOKE, e, ETE g@ﬁﬁ®%

HETe/INT A—H DD

nXu+®W ik Z 4T > TV

AR DR

B REE

48, BIL. REE
il B

X 1. &2 I D K FE BRI o

TRILINYIL- TN/ \k (BLE(ITH))

3. WFEORRE
o ITEREIZEIT D KEEEMOMHREFLMN

= B RbEL ISR T, BLRE A & SR O KGR
EVa—/bE bENTEREE AR L, IR
DN KEEMNS TEREICEITHD Z LN
RENTE (X 2), MENTHESRD HITERCWRIC £ D
BRSO HEEZICL 2 BB ERRFICRE
WIREE T B 2 Tl Z o Tz,

Fo, ERAKNBEORMFHIC L > TRHNT
— X EEREIN, KT X —ERENEE T
b5 EEEENICHRGES 2R, BEk, WEii
@ BT DR KGR E S AT LDFEH

IENT T REREY I 2 L—3 g SIHE R
&k VAT LRGHIENLOH R b, &
BHEY 22— VORFELH e EERE ORI M A
BHOMZT D720 EMMOFHZ 5 FET
B A

1.20

1.10

100 [ f:a;\g\e\ h}/—’_ﬂ .
0.90 ng
0.80

0.70

—=&— Perf.Ratiol —o— Ktempl1

060 —

o 3}4}5}617}8}9}10}11112‘1WZXSMXS16}718}9}10}11}12‘1XZ
B 2. T =—/b 1 R LR ERER O H )
RE D Lo

and Other Loss Modification Factors

Module Performance Ratio, Temperature Loss

e SHS DOEFE#ET — & 547 « BoEaat

ST/ NRUR RS FE TR S AT I DFEAT « FHT 515
e VAT AOIEARMEEE RS NT A —F 5 HTiE
VAT MBREFEMICOBECE D, RO
Ralb—varvhHiEEAaGEbELZ EITE -
TWE LT, EiHZE 0 =T — Z & 25 I fRAT
L, &0k %E 6 o0HEBIZHEEL T (K 3),
VAT AOBEREIR T « MBERIK A S I LT,
FT, Hof e PRI EE TS, ST NRER
%t% VAT LADFEFHTAR AR IR R[RRERER

TEEE R Y ORI 2 BRI L7216,
F72, #E SHS OFHllT—% 2 H\WT, &Ei
EILHETHKEFEREET ML, YIal—
Ta v ORYMAFME LT, EREICE L PV
VAT LAEFHIBE T N E AL, .ET
U A A RITxET 5 i 72 & s & & FHifE
D EATEIREDOBEHIELAER LI,

March 25, 2006
7



8th TUAT Photovoltaic Student Think-in

=]
=1
=

.Eff. decr.by T
+Pmax Mismatch

©
S
=

--Disconnection

o
=}
=

~
=}
=

*-Battery Losses
=3--DCcircuit &CC

=Y
=}
=

- Inverter losses

a
=]
-

777770
1 [ ] | [ [ ]

i

)
=1
=

Yy RN

~Perform Ratio

Gain and Loss Factors [%]
8 g

=
2

1994’s
1 2 3 4 5 6 7 8 9 10 11 12  [Month]

X 3. ABIFERIE, FHRELOESG 37 A b
D FEE)

0%

e SHS 0EBEFAEROCRFAZFIZHT S
Tvr— NRE

AR T, SHS FIHFOFIHEREZH S D
IZL, A% D SHS O K EHIZmT TOMEIC
DUVWTHREF L7z, o0k R T, SHS O#E A &
STHHLE T LVEDOHEHNAREICR -T2 &1
% LT, SHS FIAFIZE W SR ESF TV, £
7=, SHS I/ ETH Y, MBI ZLEL L
RN, OB & iR LT, BEiAR D KT
WHRERD T A 72X A NVICHEET DHFTH D
ZERENnE (K5),

SHS O IX, SHS ORI 1 4L &
BN L, BHEE 2 LA o R
B2 —FE TRV ARNWT L THDH, SHS o
K s B, KOZFINIC X Dl E D BHCEE D A
PEE B EE LT, HBFEBEIC T - E
BHEORE L, R — MEHI O, BihRO
B p HUcE & LT RPCEE oI - IEHERED
R MLETH A,

o WEDTINXE—TZATALKBAKE
I L — G PR O F NFI & BREEA
Wk L OV R REEO ) | % 5T 5 72 Ok %
DEFNLX—T a0 —DFTT MbEHE L, =%
X =7 —%Bz XX —LERQTLLT—
BLOEE T RV X =TI 5T THEA BE
Lo TETMELT,
BREA~ORBZ R TRHMEEE L LT, FHix
VR —FEER O — IR =R VX —{HE & CO2 HEHE
TRY, TRAXF—ROZERIZ L D=L F—

ZetEom Eb e Lz, £, BHFHEIC X -
T, BUROMEZ R L F—7 0 —% FR&HICHE
Lz, F£72, WMo AT 3L X —ZFRO/K
FEIZ L AR AT AOEBRAEH L (X 4),

[Clvmatery

Il Dsel
[ windrpvBateery
[ WindDisetBatt

Fixed
Disel Price =05 $1L
Mex. Annual Capacit Shortage =5 %

WT/PV/Bat ©
It 3

[m/s] ;% PV/Battery

44 46 48 50 52
Global Solar (kWhim?2/d)

B 5 [kwh/m2/d]

X 4. Hm O EPEFEIC K D el v AT AREIK
4. ¥

ABFFEORA & LT, Hzffl - iz c s
KB IEFEE S AT LOMIEES M A2 BEET 5
T2ODETNVEEREL, FYr—ARAT & LTE
v SOVHIIER IS B30T B ik A 1 A BRAE L 7=,
BE 72 H AR & iR R e R A RO -
HLMRE I ClL, IREREORE RV a K
MmN A TH D ENRENTZ, £72, &
Mo PREBEHURIZZ K oD, MEEOT-DF
A KT T A 7 AKX A VTSN D KB
KRB AT LPEE L TND I LRI,

5. BEXR
[1] Nieuwenhout, F.D.J., Dijk, A.L. van, et al.
(2001) Experience with solar home systems in
developing countries: a review, Progress in
Photovoltaics, 9:455-474 ( DOI:
10.1002/pip.392)
[2] Amarbayar Adiyabat, Kenji Otani, Kosuke
Kurokawa, et al. (2006) Evaluation of Solar
Energy Potential and PV module Performance
in the Gobi Desert of Mongolia, Progress in
Photovoltaics
8] 7% AR - T AL, BIEED) (2005)
® L B BN KBERE S 2T A
FEREFGE DT — Z ffihfr - > AT LEHM, KT 3
JLF—, 168 Vol.31 No.4, 2005, p83-88

X 5. Ky O R&ERERAT - SHS FIHHA~OMERS - MEDNA TV v R AT A

TUAT Kurokawa Laboratory
8



Proceedings

IRIF—EIREITOHERRRE

1. FAimmRpR

KI5 HEFEE DR % 729 KEGEME Y 2 — /L
TiL, FtEOHE L LT, #EL T My &
WZENZRT TW (DU b)) VWb TH D,
KRBT ¥ 2 — L O, BRSO PR
DERFEFRMELE ORIV H L FICE > THRR D
7o, o —ESRME AT 24T 5 2 & A3 gD
OB E R D, WHEHAVLI TV D RERN
STC (Standard Testing Condition) & FEIZALTU
26D THY, HRRE 1 kW/m2, KE5EMIRE
25C. AM1.5 FHEZAXT ML TED HIL TV D,
Zofiict, KETHWSNSZ EDH D PTC
(PVUSA Testing Condition) *FEEN S DO H H
%,

SRS DIVSEHIE (&R & D
. EE ) DOITKGEMREY 2 —VIZRLT, A
7RI EZ D2 THAH, Ll
BB, KBEME Y 2 — /L OGEIT% O
FHDNA L . BHUSGHOZEGIZ X DRI D ZEn
HYN. o TREWZ &3, fEfTT o ETRIEE 20
/5, BlzIEEIZBW X, BHRREIZO~1

kW/m2, & 2 —/WREIZ 0 ~60°CRETH D03,

KGEMOGAEITIT R RN )3 mEF T3 LTE
EIETH Y . ISR IC DWW TR R 128 0
~100% % B % E W I MEIA S TH D, STC I, HE
MTHVED M TIEH L0, R TOLRMEE
HLTWRWI ELHLNTH D,

By — OO E LT, KEFEMOPMHEDE
IZEDbORFET D, KENMITOKEGEH
TV a— DA H a2 STCEBLOPTC O
TS -Eplzim#E oL, vy — 7l
ND-167U1 & —yEEMR HIP-G751BA2 @ STC
EFAEIX 16TW THRETH 2 Dlzxt L, PTC &
KBAEIZZE TN 146.63 W & 155.8 W TH 10W
DENPH TGS, Ziud, KEGEMEY 2 — L%
BT 5 VOMEOEWHRKNTHD, bok
f 72 s (BRI AR EENIZHIRD b
W23) . STC T2 s KA 100W (2720 | il
DOEREERMTIX OW 1272 5 KIGEMTE Y = — /L)
bHolzt Lo, STC OME—4 & L TOMBIZO
OMNRADZ L2 b, STC NAREWMICED b
DT TIEZWVWOTHREICR B 720, b L e
OO EEL ST TV 272 BIXRH
72, UL, Bl X o s, iy
2 SR LA O KBGEME ¥ 2 — L O H faf A
R SHES T, B2V 2720 EHF 2720,

ZAUTIL, STC % #5279 % N-STC (New-STC

K& #- (D2)

¥ 721X Non-STC) ZEIZHEITHIZRVOMNE
WD EZE D TIHARWEA D N-STC OPD HITH
BEENHLIBNRHD L, WS OHETIUXEREW
DINE DB, L, N-STC zHET S
DO THIULX, LTICRT =X —EREDE A
RN FR & & bbb,

KIGEME Y 2 — /T, BEIV AT LO—HT
HOVRNE, FORAETFILFY— (&) THELHN
5L Mo Tz, STC IR B K HF1R0%
BN, HREE R T RELE L THWONTE T,
SF Y, B (W) 2SHVW S, BEREO
TxNF¥F— (Wh) THWSRTI o7z, K
BT S = — L O R 7%, B FHEREE O A 72
59, VAT AMEREANC Lo TEASND E D
ANKTHD, L, BED X HIT BT
1372<) BMERIBEL AT LANERERD . &K
#wBE (MPPT) H$lfEBERED A > /N — X IZHLD
T SN ONEE THDHAITIE, BESMER
R EREEBRE LD, 22T, KGEMEY
2 — VOERHIFIZ OV T, BREESM DR E)
ERVIALZ EDEETE D, T, =RLF
—EMEDZER ST Th D, FFERET AT LD
WRIZE D AT AN TV H o KM
FBETX DL IR0, VAT LRELE
DY DRETIEEZTWDZD L) RillanEY
2—)LLULET I TVt E XD,

HOOED, AZTONEND b RLF—E
KIEOZEZ FITEETH D, KR ELZEAT
HEAEIIE, BIZIEEBREE > OTHY, E-f4
ZIFBREMNE (L5758 ZEH S ONEE Th
A9 BEIZONTH =RV —DFERNRO S
NBRFH S L0 b EETH D, HFror/L ¥ —MH
WX B EEAKRGERELEAMEEFEOMI &
I%, STC e K DICHAFIFE I TNDHDTH S
NnE, BEAEICE 5T STC IR AN EETH
HEWVWIEZFTHLHEDN, MBHROERNH Y |
RNTY XN X —REBREFEBEMHTLIETH
Do

KBEFEFEIIET Dm0 R IT/FIE L7
WEBDLNODTHDLN, R TR —ERK
HBEIZOWTHEIE E O T+ 2 &, A
HEFRKREE (3P0 BEh), RERE
CIIBRBICHYTALDEE XD, AE— NIET
bHFNSmod, HEFEEAOEK S L TR
HWEZEIET D5 NTIE E A Wi, [FEEIC,
KENEBELMATLICHT- > TRARHEHTER
T ENIDEFERTETHD (LHAA, HR

March 25, 2006
9



8th TUAT Photovoltaic Student Think-in

%%@%%awtw£®h%5w® — R LA
DIZHDHN), THUCx LT, REITEBELZ
J\L’Cﬁ LORBEMETHY . KGR EIZE ST

EBEOMES EHET 280350, BEIEOBK
%%m WD 10-15 £— REIL, EBEOEAS
DODHXDETE—REFRRDILEDOTHLN, £
BRRETE— RE2ME LR ENRBEL LT
BHINTWD, 2F0, fEHEL L TRDLINT
W5, KBENFEEIZOWTEH, RfEO=R/LF—
ERIEEN DX, BEAFIZ & - T, Eiehikic
AWl R KGEME Y 2 — L 2RSSR
WiEzepd B, E-TLELEN, 2Dk
I IR LR —ERSAEE T, RN E IR
Tl E A bRETORMAEZEETS L, A
B &UR - S EHE O HIsNE & FE I S 2
FERNd 5,

ARTIE, 20X BRI, ZRLVF—
TERG T DO BRI O W TR DN 05 LA
Tz~ 5,

2. TRXNVX—EREROBRESIE

I*w?—i%&ﬁ®%%ﬂ%kof\5%°
ML < 53 SEH O [RIRE53 A O BRI D> D T —
REBRE L, (EEORKERERE— R CREERE
Va— )VOZRNLNX—FIRNITZ DT DOHE
ETNEBETLIMNERND D, ENICBWT, #
2% 1600nm FREE E CORNE DT — & n
RIFTTWBT=8H
TROMABEEZRAALTND,

O B - BE ORI AR EED < HB L
@ ekt T — 21D < MR i
@ HIEHE - ZET —ZIZESL DRV —F
SES
OlE, BAADOIRIRWGR SR b5 b T-V 5
iﬁﬂﬁ%ﬁ BB &P LM (STC %)
BIF5%E Mﬁ%%m?é%fw%% @
%EXA?F”AML5$Hﬂ&@ﬁ% .
ﬁm-ﬁﬁ(7ﬁﬁi)#®i@l%%ﬁﬁbt
FEHITOREETET V2B, Ok, STC Z4H5E
THLE— RHEEIC ;é%$5@%m%TW%
BAZE., ZMETLTWD, 1IZZhbDffAGao
XolzT7nal) A bhkEmrRLT,

OOH|EAETT VIOV TIE, BTRBIW
FERAF TG L TW A MIENFEIEXROREH 2 7
EFLTWA, ZOFFAORKELORKRIEDT-D
Tk, A 2 1R T KB R R & e
MR TE 1 v 2 — B A L, & H SR EE S
O m) E &R EEFREE I L 5 B SR E b
Z 7= Isc AIZE « Voc —ESMETO I-V FHlN
ﬁiéio L7z, M2DFITRTEIIT, KB
%WA KRG EBRT I &&i%#\k%

ﬁbf@ﬂﬁ&ikmﬁﬁﬁ&%%ﬁbkﬁ

TUAT Kurokawa Laboratory
10

L INEE VTR GBI A S L,

7Yy MEREENTZAIENFETHD, X
3. HAHFERBIZET D I-VFHOF] %2 7~3 03,
Isc OFR/N T THIFE SN2 T-Vli#ERIZ L 5 Pmax

BHREEE13-0.836% Th - 7-, KBhBRLE R E
@ﬁ%%uTLﬁﬁo

K 12 Mo [RIRE T-V 51

PNFOVETEE YA X 2 8.834m X 3.95m

PEHE & - oK 300kg

BREEY A7 Riahs X

BREEEE  1500kg

1B 2 AT e

- A 0~+120° & 0~90°

BREMBE - A, @mEME1.0°
E;ﬁ%rg B4t RE

EVa—)L FEBE - S
fa: ROUEZZS EIVPTES

e

AStA HHBE [, IscOBS | PmaxDBS-
RTFHE HWE REME REME

B I I I | promree |

2WiBERE

1

T l IRLF—
- ]

S ASTAL .
BHIRLUK

IREES RS A
K1, TRALF—TFEHRRROT LT Y XA
Bt 7y EE

Pmax®

e 3% A 1A
F—A KBS BE-SE
HEBHAH

B 5138 [W/m?2]

Bl Index

2. KpnBRRAEER L CHEET— RO

4.5 15:23
40
35 15:28
3.0
<25 15:25
820 \
15
1.0 \
0.5 \
0.0
0 5 10 15 20 25 30 35
Voc [V]

4 3. ASEBEZELE W -V EH o6

Aflx, NEDO KE5YEoE v A 7 A4l Bl
fFZERE R TRFEIEIETE S AT L FE BT O AFZE R
W ORFEO—EAEFIH Lz, BIREILICHE %
£T5,



Proceedings

HRAN—EOEMBERIRH A&

1.litbt

AR, T R 2R E D ET T A O KRG
K /XTAi WEENEFENTHHATLE
NOEERFENE LT REIFES ~TCE
f%é%%ﬁﬁﬂk%t% VAT ANEFRT

v, BUE, HARSENZKH HEOiH»BEH T
%éo

LU, BIFETIZ I fafOfg%rff/uL;ﬁ@j(
Wt3E /XTAﬁ Rt LR T D= HITE<
O FFHIRRIE 2 i e U722 P IR R 217 9
Z ke o T,

AT, RMERZITR ISR bEE L
SN TWDHMEEE IERBRICH N O TW D
[ HA AR 5 17 28 HEMGER R IR (H 25 18 10 5 2 D 2T
HE L, BHEEEE R ORHEIC OV TR ZITV,
ATl AN & L COERELE T LOMR
FELTIR-> TN D,

2. NEEHAFTORNE
HAMGEEA R (A8, R CRAE L 7o il
= iof%i?éﬁ$&%¢ﬁﬂ%@ﬁb,ﬂ?
—a T v a ) OEIEAEIEIE TS, LavL
PUFICRT & 9 72 [alHsig & e A O FeE ) ?51$EEﬁﬁ
&%ﬁ%_@V R, SR IEE O R ELS R A
<20, %@E%@ﬁtgﬂ%¢F$OiU
%Mﬁ%% Bl TERVIRRBICR D,

1. [ElEEE AL, FEERICBLERRAN & L CHE
T 5 [ AT A BT D 7D D EBREG W T
Hn s

2. @ﬁi DO KGN IEE S AT L Ol
FEE BRI FITE R 3 2RI 2 i 9~ 5 72 D
WZHWS

3. Zend B EEREE AN, BREEEE K OVEREK
DA 'y N EERERZ LT ET
LD KT TE Y AT LD F#EERIRRE
RO TR FIH L, AEIMREN D7
WAL S 7o IR R s da i & L CElES
Do

4. FBEBEELSELI ETEHA =2 Tx
L CI3EsheE &2 4G - W25,

3. EER#AE ORI

BfE AT, FHEtan, FEEanm kO
Pré s O SR I Bl HRg A & LA A 7z
BRI K o THMIERR IR 2 & Ol 2 1772 -
TWb, Lo L, IECC(EPEERIEHERZ) KIS
BWTIE, HIRAR ORI K - THMERR R 2
EOFHIZ1T 5 L ) mEHED 5TV D,

[LE (D2)

e

A+

3.1 BRI RILF—BICLIHRIEARE

Eﬁwﬁﬁwﬁﬂ

IEC #UEIZ 31T 5 LIRA M & BHSHEE AT S RO BN
iﬁ»#w;%ﬂmh%&ﬁé LIk - T IEC Mk
BREL TV L IHEAR L RSO BEIN T RNV X —B % FF
OlnlEsE AN 2 AMICT 5 2 L0k B, 7=, JET 38
R CHEA L TV D EEEEARIC OV TH COREDE
ST RAX—BEZEHLTVDIO0NLHGNCT S D
L RHIRD,

3.2 ESMIRILX—EDRIE

IR AN K OB A R OB = R VX — &
ORPNEFFENL, R PALER BRI HHR A X
IR BT & PR 2 W F e L, W5 HERE
L7 RPLAafmric X » TRl AR NIZEFET S
BT XX —Z EMREE 200V OK 10%
QOV)E TYHE 7 5 W & FHHI L 7=,

HIRAMOFBEMEAMEIL, NV —arT 4
a%@&%ﬁﬁ@i X o TU TR0 5k
EINTWD, TOOITEFIEEZRELTND
RO —arTF 4 v a T ENRICEBREIREIC
OWTHAEL, EHHET 4kW ORI R HZ 0
ZEMBERIERIZHWD ERE DA EE 4KW
k%ﬁbto

Qf EUT ........................... (1)

PEUT N —a T 4 v a FEKES
Qr :0.65

Tz, PHREEANI, £ 1IRT 4 FEO R
AR OWTHIEZIB Z 2> 7,

WE 5 ik

O FHAREA W XA g A T LSBT D
ﬁ#ﬁﬁi BHAM CHE SN DE N %
OW 7> 5 100W %74 T 4000W E THIIN S 4
Do

@ FZHARTEEERIL, =0 OX A I 7T
BAPAZH(SWep) Z Bl L, RFAS TR EIR
6 Al AT & HEPTART 290 0 B,

@ WAl IR ANEICB T 50
BEET DFRH F T%WELE%%imW
DK 10%QROV)E THET HE TDA
X(Sec) & JET %,

March 25, 2006
11



8th TUAT Photovoltaic Student Think-in

F 1 BRSO RE

Table 1. Spec of the motor load.
The size of the
Moment
Spec of the motor load Flywheel .
of inertia
D[m]Wf[kg]
1 ® 100V , 6.5A , | 0.205%2 0.06
50/60Hz , Output645W 0.605%2 [N-m?]
1 ® 100V , 63A ,| 0205*%2 0.06
50/60Hz , Output620W 0.605%2 [N-m?]
1® 100V , 4.0/3.8A , | 0.150*%2 0.03
50/60Hz , Output 365W 0.605%2 [N-m?]
1® 100V , 2.0/1.8A , | 0.150*2 0.03
50/60Hz , Output 170W 0.539%2 [N-m?]
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Fig.1. Measurement result of amount of electric energy
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Fig.3. Islanding detection time limit by motor load
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TABLE I
SYSTEM PARAMETERS
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Fig. 3. Capacitor voltage (vo) and inverter output current (7o)
in steady-state condition. Time base: 5 ms/div., math channel:
capacitor voltage 20 V/div., channel 3: inverter output
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Fig. 4. Observed waveforms in circuit experiments (Time base:
10 ms/div., math channel: capacitor voltage (vo) 20 V/div.,
channel 3: inverter output current (ip) 2 A/div., channel 4:
current regulation level (Viwn) 5 V/div.
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Fig. 5. Measured power factor and power conversion
efficiency of the class-D audio IC in the grid-connected
condition.
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Fig. 2Contour plot of the calculated I of
the devise, plotted versus the photocurrent of
the top and bottom cells. The photocurrent is
normalized to the values under STC.
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(a) single—crystalline Si cell
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Fig3 Measured (lines) and calculated
(dotted lines) 1=V curves of various kinds of

solar cells.

4 KEEIED 5 ST R DFfRAT
KBGSED 43 LS R EE 1. R H DK
AR CO, 1oL | kxR ERIZEIVELT 5,
— XN KBGO 53 S H RS 208 K5 R
DOHEINTKIETHEI IO T D Rb O THHE
WOILTWDA, AR 28 L7 0 e R
EIENT T HZ LR, KGR EE— RN
TIFM AR S THZED R BEIZ /2D, DT
VL e BB E % 250nm~2500nm £ T
HHL CTHIE T2 ENRH DO, Bk D
HIEFTIT 350nm~1050nm THH7=9H . Si
RIZITEH TEDH DD | KPR DA
CIS 7eX Iz T&len, 22T, BIFEEHS

TUAT Kurokawa Laboratory
28

ALTWD NS RO T — 25
1050nm LARED AT MV EHEE T 5 5% B
LT, EHED b OFE R | E KK EL<
—HL-bOo, ZREFE 1150nm LARRIZ—
NN LNy o7, S BITE KO E
HRS EE 1) B2 8% b 5,

\ e
© #ws —Hewa] |
Ty T —
e — s
9 —RIE
g’ —mE2 —ME |
§m — e —EES|
— B — RIET
' —mms —mme| |

R “ 200

Figd W KIF D53 6 B 0 F2RIE &
SR VB oD Bl

6 BEICHR

[1] R. Adelhelm, K. Bucher, Solar Energy
Materials and Solar cells 50 (1998) pp185-195
[2]E8 . &)1, B “ZHEa KiGEIZE
JEEBERENLD -V FEOSBREORF
S B2 | 2004.09.01-04

[3] w5, 221, B “ZE6 KGEMIZE
A ERELD -V FREOSHEEDORE
K5/ JE ) =)V — i am AR 2004 4F
[4]Y.Tsuno, Y.Hishikawa,
K.Kurokawa ”Seperation of The [-V curve of
Each Component Cell of Multi—Junction Solar

Cells” 31% IEEE PVSEC, Orland Florida,
2005.1.3-7
[5]  Y.Tsuno, Y.Hishikawa, K.Kurokawa

“Temperature and Irradiance Dependence of

the [-V Curves of Various kinds of Solar Cells”

15th PVSEC, Shanghai, China, 2005.10.10-15

(6] #Hy, ZE)1|, )1 “NHFmE 2 V724
FEAFG R I-V REME DR « B A IE 1R
KB/ 8 )= %% — I [FE RS
2005.10.20-21



REBER LED V—5

1AFEER - BB

HFSEBRFE T K 2 Bl SR O FEAI ST S U 7 D 7=
W, KEEMOH I ERET 52 EITIERIC
FETHD, BT 5 LR L
L7y —7vI=a2b—% (LUK, 7781 SS
ERRT) 1T k0 EHERR O AR LRIE 21T o
TV, RIEICHDONDIKRRENSCT 7
DFMOEIFIZ L HWE A FORE, Kb
YT T DAY NVASAR DFRFES DR
BRH D, RBFZETIE, RN EL, EF
i, B RNVX =R N4 A4 — K (LED) %
WIRE L THER LY —F v 2 2 —% (LLF,
LED-SS £ #:9) T, K2 A hofER < H
fhem Si KB EMELOH N ETMET S & %
HE &35,

2. RIEREE DRREE

Hifs, LED O3eHE 2R A =T L L &
7L, ¥ LED O — 27 KEICHBIT 558K
BEARIET D EIXRRETH B,

YEBRDDE X v U 7RO H R A<
ZEIZES T, BAWEREONEHR SN L X
DO KBGEMmELO n g, 22ZE, pEIzB T
AT HNBERPEHIND, KB TRETD
WBIRIZ & > THERWFHREMEO & B 2R,
ORI =2 R Ao 7 LED (% -
IR« TRAN) % FHOERIO 72 B O YIRS 5 %
EL, ZOBEBUSICH L THREBERORXEZ 7 4 v
FUUTERELELICLY, SONELHET
%o Z DG ICIREE & FLUERIG i B 0 A &
AT Licky, E¥ERE (AML.5,
100[mW/ecm?]) (23817 2 K EM OB
kE 5,

FHAIES = E BN B2 5728, LED OH
HZEERMICHET S ZENEFICHEETH D,
SYFREED W X A HET — & 2 v
% Z LT, 10[%] i EREEREE 7 > 7RSS
TOREMEIZITS N,

Kby@E#IZ LED %&2MBE+s2 LT, 2o
DOERHBEICBNT IV BEE2RIE L, 57
IV H5 % Je 23K 8 72 A& B A~ R A
MI bz Licky, EHERETO IV FrrEnk
bohd, TNETOAMG LED X 5HIET
IFHEEERBR I OK 1/70 OREIBE LGS

Proceedings

AL —ADEREE

IR E (M)

T, 2950 IV h—T OREZEIN/NS o7z,
A al, 4 LED % HUNE 1/10 0 il BREE CHIE
L, &HICHEBRZHAWD Z & THREXEZ KT,
UG L7 S B R ~ MR AR T 2 1T - 72,
LED Yt% 1 DOREICHE TX 570, HER
FORELZZE LIENMTZA S, MRz 1
2, ZHLETEHLEKEZK 21277,

4000 1-Bun(RHEIVA—T)
— 3000
i
= 2000
-
3
< 1000 LED:9.248[mW/cm?]
(@)
0 MEE
=L
-1000 ?k
0 100 200 300 400 500 600 700

Voltage [mV]
1 AWL=z2200 IVA—TEXURDIzIVAH—T

1-Sun(> FTEISSIZ kY BIFELII-VA—T)
1-Sun(FEERZERAVETEL-I-VA—D)

4000 ¢
4 I
__ 3000
£ / \
£ 2000 \ \\
3 CRETIe RV
1000 1-Sun(CHFET|TROEI-VA—TD) \\

0

0 100 200 300 400 500 600 700
Voltage [mV]

X2 ROT=IVAH—T DL

3. SHBOEY KA

TR SS I LD IV I — TG E
TAICR LU NERD 7=, BEAHBUD) 78 EAMEIC
B D EHRMENEOUEEZI TN AL Z KL,
KRR BETHDHEY 2 — /LORIEICES
%, £77, LED XD HEMROEE, REIZLD
V= EOTNENML, R EEHEE O
ErzXbilm bt FETH D,

March 26, 2005
29



8th TUAT Photovoltaic Student Think-in

Ta7 e YR ASE DS

1. FEEREED

KIGHFE L AT L OFREEHEECN 72 & 21T
I BT, ERICAS LT 2 BT — X I3EFICE
B PED—D L 725, EEEROFANZIIREE B 55153
—RENZHWBEN TS, LxL7aen b, #% B 5
ILEAChd B Z &R0, BANZREIC L A IRES L OME
RENDH D, TOMNEEL LT, 2l C&LE LT
ZEpO, v a(S)7 4 A A — REHWE5
R AFEHCIE, Si BEEDAEZ 5N, L, &
YYD Si DO HBE NIRRT LT E TRV
WIZ, AT MLVRERA LT, E%&E%%Vﬂ%ﬁ
HkTWa LIEE 270, 2072, 2 b OE
%%%Lt%%ﬁ&%@ﬁ%%@%%ﬁﬁb%ﬁf
W5,

ARFGE T, 2 CEMSEF IO ZE LT 0%
5D 817 hFAF— RipEDOEkFE % 2 Fl
¥AWS Z T, Si BEFOIHETHD AT v
REA R L, L0 EREE RN RREL 72D T 27
ol o A EE (A%, Dual BHEHD OB EZ B
ELTW3, LL, B oRAGHIIZB T, %
Tx NEA A= ROHINT AT MViRHE L fERE
MERHIEL T D728, Dual AEEFO AT hLia
FEDFMZ EMEITATH 2 ENTE RV, 2T, Afa
T, DB BEN DR 7 + N A F— RO %
HEE LT — 425 Z & T, % BHE B> ME
Eth 2 B0 B, 2N FND AT MVIRED B B
HI 5L FORRA2RET 5,

2. FaT Ak YA A SR
2.1 HE

X1k, Si74 hEAA—FR, GaAsP 74 ¥ A
A —F, InGaAs 7 # b XA A — RO HRE K
O, FEEKBEHEART b EE U L~r o H 558
1kW/m2\2 72 5 X 5 B L L7 & 2K B 0438

SREETH 5,
12 : 300
Si
InGaAs e
1 < GaAsP Il £
—Ex :
- — TRl =
& 08 1/ At | 200 %
= 2
20 £
Z =
}E 04 100 R
SE
02 ] N =
0 \Ar""\'\ 0

250 500 750 1000 1250 1500 1750 2000 2250 2500
5 [nm)]

®1: B UOBMIREELSNBARE

TUAT Kurokawa Laboratory
30

FH EZ (M

Dual HEEHE, Si 74 M & A 4 — R GREE -
300nm~1100nm) & X GaAsP 7 # & A 4 — K%
FRE : 300nm~680nm) T 9 Z & N TE 22 HE
DEWEBRICHERE L2 > InGaAs 7+ & A 4
— FOYERE © 900nm~1700nm) Z % = & T,
MED 7+ FEA F— oG bHIIBEEND
EHE7s HETREE 2GRl 2 Z LI C&E 5, E72
Dual HH#H oMAEE L LT, “Si+lnGaAs” &
“GaAsP+InGaAs”® @ NEZ bND, KT
ITRBENRBWVMASEEZRA L, BIEORKEIL, BE
H 550320 B §50 % 2% L C Dual HHEFo#ME
723£0.010[kW/m2 LINIZ T2 Z & Th 5,

2.2 BHEBER I OREEKORE T FE

Dual HHF o HHEE T (1), (2) k&
M5, £72, HERZE U CURE TN LV HKiE
Biz7ed ko2, R/ FECLVEEIHFED
AT 2170, fIER K C, C RN ENEHT 5,

=(2-C)xKg xEg + Rx K cans X Ejngans (1)

dual -
G = 2—C")x Kgapp X Egansp + R)XK' 116aas XE jngans) (2)

Gaval, G’dual : Dual BEET 02X B 5385 [kW/m?]

Esi, EmGaas, Ecaasr: & 74 F A A — FOHEHEE[mMV]
Ksi, Kcaasp, KinGaas : BE T [KW/m2/mV]

C, C : IR

KT+ NIA A — FORBEELIIRER 1 HDS
SEmRET — 2 2 AT, X (3) I2Xkv, =h
FIIRET B0,

an

D 1,AA
__ m
- E
K: &AM AA—R DO REEE #[kW/m2/mV]
L: 5 Je i 51 58 B [uW/em?2/nm]

A: 533625 D B 5E i K fEFE [nm]

A BEITANTAF—FNMELTEIRREDIERDEER
M BFITFNTAF—FMELTHRREBDOBRADKE

K (3)

ARIDOEEDSGE, 57 4+ & A A — FOH)EE

(X, IS TREN G (4), 6)(@ XV EH
L7, %@%w Hx OHITBEIIE, AERIEDOR
iz %iaiﬂ&bv‘:%z%ﬂé
1100
Eﬁz(zylxKJxSxR (4)
=300



680

EGaAsP:(ZIAXKlJXSXR (5)
=300
1700

EInGaAs:(ZI;LXKZJXSXR (6)
A=900

Esi, EmGaas, Ecaasp: &7 4 bF A A — FOEAEE[mV]
L, : 7 Et5R E [WW/em?2/nm]

S: &I+ A A— FOZIEIE [mm?]

K, : #Ex o BEA/W], R BHiEHEQ]

3. HFHHNEHBIT B A7 M EEDOKREE
3.1 2T —#

Lo FEEZRAWT, otEs (MSR-7000/00, 7
7R U Y —F4h) CEHEI L dREG A H 5 H,
ERKHA3ADT—H 05, 2005/04/06 ZHER & E
W, K74 NA A — FOBEERERTE LIz, &
SIS, MiEREEEH L, AstS BT — 42 2:(1),
(2) I D Z LT, & HEFO B KR 2 FH
L7z, 3 1128~ ORREER &b Er~d, =
2L, T—& & UTHER L2 CHORsREE 1%, o
DA[FIRFZN RS2 B 543 (MS-801, EKO) TiEHHlEH
7= A STAREE & RMEIC 72 D X 9 ITHEIE LTz,

1. FAFHOBEER EHERK

Sensitivity | Correction
factor factor

. Si 0.160
Si+InGaAs TnGaAs 0.036 0.999

Dual Sensor

Pyranometer GaAsP 0.067
GaAsP+InGaAs TnGsAs 0.072 0.835
Single Si Pyranometer 0.222 0.992

8.2 AT M BREDRER LB

K HFFEO AT MRREOFMAE T 572012, K
(ﬂuﬁﬁﬁﬁ%ﬁRM$h&ﬁ%%%2&%3,T*
& LT L7 B BEOEEEE 4 (22N Z
FURT, 72, Dual HEFHZRIT D St BEEH K
ZREA (8) ITLVEHL-,

RMSE = \/ i Gypa = (7)

=1

Gaual : Dual BEtETD £ X B 5458 E [kW/m?2]
G : FEZASET O£ X B 55RE[kW/m?)]

N: T—42#
IR — RMSE, - RMSE,,, %100 (8)
RMSE,,

IR : Si HEHEtM 5 DREE[%]

IS OREE, Dual HHEFO”SiH+HINGaAs”IZ BN
T, Si HEFHBEFOARY MLVEAEEPIER 5 AT
1, K (8) I VK 49% ¢ E\ETETND D &75‘:‘29
NbH, IHIZ, ERKHE 3 HTIE, #62% & PHEH
DHREXRANRT MRRZEOWEN R OIS, if_,
=2 LR 4 OFERNOHHEDOR AL HEE L THD

Proceedings

& P B IR 2.4[W/im?], 2K B i 2.1[W/m?]
CHEB A H D OFRENIEF IS NI E RN
Do

—75, Dual B&#E® GaAsP+InGaAs (28T
t, Si HHEEFLHD ALY MLEEOKETR S
AN, "SitInGaAs” D L 9 72 KIE 22t 1T 7 5
gy, Ziidk, HE 680nm~900nm [FIZ i~
+ A A — FHIREEZH L TR0 TH
HEEZBND,

A& 8 Hd RMSE TiZ, “Si+InGaAs”) N &/IMH
o TNWb, SV U, “Sl‘}'InGaAS”ZI?‘Ei%)l—JFE
FEIZKBE AR MIVERS 2 T\ D

& 2:PHE 5 H,L EXA 3 BICEALEKD

RMSE[kW/m?]
Fine days | Cloudy days
Dual Sensor Si+InGaAs 0.004 0.007
Pyranometer GaAsP+InGaAs 0.007 0.015
Single Si Pyranometer 0.008 0.019

& 3 : At 8 AHICH#EA L =850 RMSE[kW/m?]

Total days
Dual Sensor Si+InGaAs 0.005
Pyranometer GaAsP+InGaAs 0.011
Single Si Pyranometer 0.013

R4: T—HELTEHEAL-BREDTYE

Average irradiance
Fine days 0.602
Cloudy days 0.291
Total days 0.488

4. ¥L®

HF DR OAEREZ Y Br< 72DlT, mtes
TEH L 72 i s 25 2 & ¢, # BN
G DAY MRREDHOREEMGEZIT > T2, £ D
. Dual A3 07Si+HInGaAs”IZ BT, REID
BIfR7e <, Si HEEFL Y REER M E Lz, FFIC,
ERBIZEBWTIE, St HEEFIDRSARY hLiazE
) 62%ETH I LN TE R, ZhUL, Si A
3 FEF ORISR L C Dual H&FEHEHWD 2

T, WETXDHILERD,

5. 5B DORBE

»GaAsP+InGaAs” 1235 1 A 85 FEAR T @ K % B
HNNTT 5, [FIRFIZ, J: D FEHB 72 % L7z Dual
HEFFEZHWT, BATREZITV, & HHEEOME
Rtk 2 & O TR A e e 21T 9,

BE IR

[1] K.Hirata, K.Kurokawa, Y.Miyake, T.Kato and
K.Nakamura, “Development of a Reliable, Long Life
Pyranometer Compsed of Multiple photo sensors”,
Proceeding of the 15™ International Photovoltaic Science
and Engineering Conference, pp.832-833, October 2005.

[2] YInoue, K.Kurokawa, Y.Miyake, T.Kato and
K.Nakamura, “Development of a dual sensor type
pyranometer”, T.IEE Japan, pp.567-568

March 26, 2005
31



8th TUAT Photovoltaic Student Think-in

PV A2 N\—2 %R/ MERHBREE DR

1. BrEEER L BERY

VAR, —fRFEORIBICHE T 5 KBERE
CLF, POV AT ANZHIZER L TR, 4
BOLWEIFT D ENTREIND, PV VAT A
BRI 2%, SRE AT EAREES
B I RE SO ) R R AR RE 7 & 2 BRI D 44
ERH D, BIFEEIZBWNT, PV A U N—FD
BERE I FZR M A M/ U CHERK 4L DM/ M fiefid
TEARMY I 2 L—FEHWRBR SN TE R,
ANR—=2%HL, A RNLENPSTZ, SHIZES
%D PV VAT LOERKIRNEEZEST D & PV
VAT AOSHAEERRBROCEEAERICEL D
RN AT HRBREZITOMERNDH Y, 57
DY a2 b—FORIENTEINS,
FZTAMRIE, Va2l —FEEFEKT
T Dz licky, REsax b, yRiEMHE
WAV bRBLIHLVEERKY I 2L —X
BT HZLEAAMET D,

2. MENE

MELEV I 2 L—X O &K 11277,
BELEVI 2 =X IB R CTER SN
AL IMESELE R S X = L — & & APT
SAERK A, APL O R gl ERED PV A LN
— X DNEE SN DR E T D,

_______________________

BFLMENMUREE APl EiRE
32l —% PVALR—%

_______________________

B MEREERH I I2L—4
B1. A VEERRLE R S X = b— F DIEAKERL

2.1 API OHERR

API & 1% Active Power interface Z <L, &
TIL~V DRI B g & FMAIC T 5 2 &
NEREIC 72 B, API D7 10w 7 [ & [K 2 12RT,

Voltage Control Unit
Comparatorl o g

. | Current
Tetmm'c{\l —L>| sensor I R,

Current
OP amp 1 sensor 2 |
OP amp 2 i 2
Voltagc/'Di A > Y X
sensor 1 \L Qrminal 2
T Voltage
f A v ©  sensor 2

Comparator2 1
Current Control unit

2. APIO 7 & > 7

TUAT Kurokawa Laboratory
32

hF T (M1)

API |33+ 1 IO, EEAZBIZ M, N
& SEIER, EEzumT 2 WoER, EEE
L, ZhEFFCET 2 MoOEN, BEL2EE
(2 UM, 1N LUIZER, EEZmT 1oE
iit, BELT D,

2-2. BTEIBRCHEBRINTA LV FTIHZ VR

ABRIEE X, B, WA v E—F X,
A 7p EHERERIT T N TE TR TR S
Do TDIL, AUH T B ATRKEAFNBLER
RE ATV REHER D D72, R EHET
b5, 2T, RABREBTAMNREDA U F
7B A BRI TR T 5 2 & T, HAEW
TeREE A FEEL LT,

ZOFEE LT RILA v —F 2 R MR
# (Generalized Impedance Converter: GIC)
EERALZ, ZOFELXOP 77 el i, =
VT U TTRER S AL, D IR0 R ECCRERL T
5L AV Y ERHD, K 3), bIZA
2R ADIEFZNITHICT DRI Z R,
X 3D RsSA v &7 # AL LTEMEL,
X 3N A v H 7 H AL ML D,

3. () v 50 2R

OPamp 1 OPamp 3
1 .2
Ri R3 Rs R3 R1
OPamp 2 OPamp 4

|

5 3(b). GIC [FEAIC L B A 42 4 o %

2-3. EBME/IMEEEERRE Y I = L—F O
VERCT 5 B b/ MERRBLE R Y R = L —
2 DET L, BARITEIT SR 72ELERO
MEEREOT — 2 2R L, BERLLERN
OIREFEFFTCEET ML, $72, #BE
oMl Uik, BE#MROAIZEH Lz,
722 L, BEILOITEEDO 7 4 — X5 & H
ENTVDEN—ARORIZHB LIz ERET L
Lz, 2 ODOFETNEEBRL, [F—DLEET
WHOETNVERRET S, ETNVKEK 4 127
7,



Pole
Transformer

Impedance box Impedance box

| | |
45m ‘ | 45m —

{15m| {15m|
Impedance; m Impedancei 15m;
box  “- 1T box -

TR

Domestic load Domestic load Domestic load
W 1w 100W module 1w

B 4. B I MEERAERK Y I 2 L —FDET L

=511
HETHET VL, HEEEERUTORES
EFTHY, 30[kVAlOI: EZEFEEEE 10[VALIZ
fa/hL, BEZHEMM 3 # 100/200[V]Hs 5
5/10[VIIZHE/INT 5, Bl AT & A B
DAL E—H L ATONTIE, FEREEERD 1
KANZE EOHTERET D, AET VT 1 HOFE
FEEBUTEZEEE LIZET LV TH D,
E=5)L 2
30[kVAIDAE EZEE4S% 0.5[VAlIZHE/NL, &
JE % BiAR 3 #28 100/200[V1H~ 5 5/10[VIIZHE/IN
15, BELEMHEER L @IERLEMRDO A o BE—H
VANZOWTIE, HEEEZEO 1 RANZE & D
TEET 5, KREFVILETERER 1 74 —%
WHERA L TWAREFREZ DS H, £ 1 HITY
71%6113%)— EEFZOAMBLION PV VAT L& —
WCFEEDEETLTH D,

3. £
API O EAR
APl ORHEE RS 572, APl OEELL%
1/20, EFiEZ 1/10 I2RE L CTERZ1T o 7=,
FEREIE 2 5 12T, BRICH WA o
— XIS AC BV a2 — A U N—H T, Wi
LD 7= D )LD 230V TH 5, LWLAH
DANMMEN 100V TH D720, ZEEZRIC
T 100V |ZF%JE LT APT I ﬁbto4/n—
HEFEAN LK E AR EIR 2 Y, &K
80W D I-V I — 7 %=, £7-, API O/
% 1/200CE £ 1/20, Eitkk 1/100& L, A
YR—=H O IIEIN 1/200 & 7o TEAEE
TR SN @M NCERTICEOND, BN
AAFALEE R IR X A 2 #3 5V, 50Hz IZFEE L
72o B IW OBy oH L L,

100/230

100W module

69 . APL | 3§ s ik
162w LD BRI
5V
W

X 5. APT JEA R

Proceedings

FERFER 2K 6(a), (bIZd, X 6(a)ix API
WSO BT Th 5, APT ASEIEN 1/20 12
RoTHDENTWEDORbNS, AN TTEE
kL, B g ERSTE 2 A,
$wilwmf%otobt#of %imﬁ

E&ﬁiﬂ'fﬁ \—fﬁﬁd‘ éﬂf‘/\é k yop Eﬁmu
720

F 72, K 6T API O A I1ERIKIE CTH D,
API AJIEFAS, /102> THAZIILTWA
ZEMbND, AR L, 7Y~
THEOERSTZE Z 6 Iwmum7f%o
2o L7223 CTERMOIFIEHREME D (THE/N S
NTWD Z LD éﬁ’bto

[“APIANERE — APIHAEE (20f8)]

- N
D dh D

D O O O D D

NN 7
NN

-+

voltage (V)

I D &
>3 ¢
Kol
[ =4
\B\
o

\ o/
i

N
D g
[<> 2 en)

time (msec)

Xl 6(a) API [ o> B LI
(HAME L 20 fi5 TFoR)

[~ APIA & — AP A&7 (1065)]

NN
-10 Oij: ﬂ‘ "E) Vﬁf 50
AN\ VARV,

time (msec)

Xl 6(b) API [#j¥i o> A H I3
(BRI 10 5 THRR)

current (mA)

4. FLHLESHE

PV A L 3— 2 OB & % 5 7[R B TR T
D EERRE L, BRI, EHLHRIEET
HDHAPI ZHW5 Z LT, RO PV A 3 —
2 LA Rl TSR S T B A E A S I
i Tx b, T LTHERIZEL ST, API ORAFF
MEREBRL, BFE, BERAEEOH/ N NLIH/ T
XHZ MR LT,
Atk, AGRBRIEE 2 HWT PV A = Z DHL
MOEESR P REORBR 21T 5, [AEEORER %,
AWFREIZH 2 BEFORBEE THITV, Bk
RO AITY, £77, PV A o —2 288
Bkt LT WAEBR 21TV, RERD 21T 5,

March 26, 2005
33



8th TUAT Photovoltaic Student Think-in

PV AU IN—3DTO2)VHIHHBEEICBE T 58K

1. Hx
2004 4 5 H, BAE, EWNIZHEE 100GW O
PV O 27 LDE A% HEF7 “PV2030”° L 9Hm

— Ry T HED, ZOor—Rvy7itkd L,

2030 FIZBIT D AAREANDO~ —7 v MIFE
10GW 226 20GW (2725 & PRSI TEY, &
PET A N XD REAEOLEMENSH D, F72,
BIE XA OIRER CICABHEDH 5T ¥
&wﬁ@@4yﬂ~&ﬁ%széo:hmﬁz

W~ A a U BPEHENTWER, WIEHIEZ: &0
R A S AR T e RN T O R A
DD ENEE LU,

AW TIE, BEICEE(LSNTEY, NEFEIRK
YT M2 THIICRETTCEDLN—Ry =27 T
H5FPGAZH WPV A U R—F DT VX)L
Y hu—TDORBEEITY,

2. FPGA

Field Programmable Gate Array OWIEFRTH
D, NHREAZBRICEZRI DL LOTE DO
— R =7 Thon, WERKITFREREIEE OIS
bETHkEh, EMo7n s I JE5iEICK
STERT 22 N TX 5, WENXT ¥ Z LElE
THEEC S DT, FEFICEEREE N AIRETH
5o Flo, FHERST —F T — T VO E
HLAEBETH Y, WHILBLCEME/ R HI 2 FTRE T
%o

8. BUyBILT—HH
(1) &y
K1zt Rorey s Xerd, oyl
IXEREDIEIE 25 AD a v _"—2 2k -
TE& ViAte XA 7 Th D, NETIX P #il#E, PWM
%é%ﬁ&io_®ﬁﬁfi ) Ry =78 SPAN
HIERFRETH D ISEMEICHEN TS, LvL,
%%&R;E%/4xﬁ&5k%®iimﬁ&
AR E RIFTRELH D,

(2) 7—x8

X227 =487y 7 KErd, 7—2%
ERESEELZ T — 4 & LT FPGA WNERIZK
MLTk<&47T%50%%ﬂ%mm%ﬁ%%
S TZFIHE B2 I iAA, PRI C RIS 217
29, WICHNEOT — X 3L LI %2177
I, NS DE T DR EORBEITEL X
FHZ ey, UL, RHEECHEVNT, 1
A ZIVEIONMATERZEH L T\ D720, FIi
1A 7 VEBENDINE LD,

TUAT Kurokawa Laboratory
34

HE #H (M)

(8bif)

output current waveform

(8bit)

current reference waveform C_\ K

PWM

output current waveform
(8bit)

4. FPGA = bu—F & e Bk

(1) BT 4 — K3 7 il

X 3 IZEBROWMEX %2 R7, o 1314 > /X\—FD
/18, Vref ITEMESEEZRL TS, FiR
BT AEIBNDOK/RT A —H % Table 1 I1Z/R
T, ZDEXDAD A R—F DY LT Y T
WX, 20kH z Th D,

43 [mlEEAE Rk

(2) it 2 il 1)

B 4 1 ZEBR X 2T, 2 OFEER CIERbE
LA OEEMR 2T 2 D DEBRTH - 7=
DT, AC A KR—TERAE MW CREZ B L
7=o F72, RH EE’}—/BUF/ V g Z B Iife 5K Vref
ELTHHATA7DIC0P 7o FICTLULA Yy
ybfw601®%m$mﬁ%ﬁﬁmiofﬁi
D ENHKD, FEE AT A—21TFRK 1 LRk

Thb,



X 4 (A1 AR AL

#1
[F& /T A —H

Vpe 20V Ry 10Q

Li,L, 438uH C, 3uF

Currier frequency FPGA FLEXI0K30A

50kHz
MOS-FET AD Converter
IRF634 ADCO0820
4
5. EBRAER

(1) BT 4 — F8 7 il
l5 X 6 | %%#%%f# X 4 13t 9

B 1ER, K51E7— 7ﬁ” BIFAHHT
%{/lu®f§/§i&ﬁbfb\%)o it [ 3 J:O){Eiﬂ:/i))“

)lu#ﬁﬁ]ﬁ?ﬂi, T OIS VERIETE & 78> T
Do FER LD BRI F— XA CERIE SR
WCREIMA L= h éﬂ“(b‘é@i))/\?ﬁ)é

Tek __Jl. Tng‘li

M Pos: 0,000 Tek L. @Tivd W Pos: 00005
A A T : :

B 1 0 11 v

127153 352309
K5 &9 e 77—z
(E &R HR)

&_,l7 X 8zt ¥Rl F— XD
Rk A2 ERERT, K T70E Y HIC
ibb\”f X, BIEESNEEZ O E FH I X
570, EFITEHERIGE L 72> TWD, —7,
B 8 1T E B A FHM T B 72D 1A 7 VT
DISEELIR> TS, INERIIWE & bLE LT
BERMERE T E T,

Proceedings

Tek___JL

[ L] aompiele M Pos: 00005 Tek J @ Acq Complate M Pos: 75.00ms
ARRREARRES RN AL ¥ T

VNI TOVR VO TP OO AT TPV TOVERTOVI FOV TPP PPPRIVOVE PPOVE PR )
CHT T00V  CH 100Y M 0.0ms CHI/ -CHT 100V CH2 500mV M 250ms CHI /-
<10z 50.1130H

X7 &oHm
(R RE

M8 7

(2) SR I
X 9 I RHEH AR T 5K A2 R LTV 5D,
T, B RIARER Lz, HAEREE I

RMEITLR L LOERESKRFEICLo00D &
BRELTIREETH D, RFERREO B HIE 31T
MZTWDHI LR TET,

X9 SRFHRHIENCIT D H B E

6. ¢

AiEA =X [EHE FPGA TV X0z b
EI‘?%ﬁbVCﬁVﬁ%”'” 2o 2 AR

BHEVEHEH N FEB TE, ZOLEMENHER T
toit,?/#m BT 2 R AE R HIENT I 0
THLEELLE {uuﬁ%“ffﬂ BT/ 2D L MR L
=, A%1E, T — 2R ToRMOE A E<S MPPT
HilE 72 o EALHEZER LIca sy br—F D
EfZ B

[2%30HR]

[11 K. Kurokawa, "Mass Production Scale of PV
Modules and Components in 2030s and beyond,”
in Proc. 15% International Photovoltaic Science &
Engineering Conference(PVSEC-15).,Shanghai,
2005, pp272-274.

AMFFENTHT = L X — o FEEEHTHEA BH IR
(NEDO) O # R KR E Y AT LFSE
BA¥E, BN BRI E S AT LS8
BRO—BRELTEBMINTNET,

March 26, 2005
35



8th TUAT Photovoltaic Student Think-in

TRV O XAV N—E3DENZREFE~DEH

1. ﬁ%%%

H$ 7% TPV2030 2 — R~ v 7] 2BV
‘éﬂé PV EAEIZAIT T, KEERES
27A®%A# EHHITWD, —F, BEIOK

VK EOREOHEIMZ LY R ~DA
HAEIL, EARIZIIRADRH L EEZBND,
CORBEICK L, KBEEENREIEASNE
S B SN RN DAL L, SR ENE CrEfd
DT IR0 A X D AR ) ERUK R
T A7 . (Autonomy-Enhanced PV Cluster)
DIEEINTWD (1), AE-PVC TiZ, #HAMIZ
WAOWIIINE T I 2 =7 « THEM L, JMB%
HINOMNIT B2 s, a3 2=7 ¢ NEIEIt
HRRHE & A S 5 B 372, AE-PVC DA A
— V% Fig.1 IR 7, HREF TOKXRBEFHE (PV)
THREIIN, TEZNTHE IR > BN

I a2 =7 4 NEFCHINE S 4, AC FET A
ZWCEEIND, AC EET A RITXY, N
FIE PV OFENR /2N E X ThHoTHENME
o, HWIZEE, HEESEESND, £,
ala=T 4 FEOENEMELD O HEIX, H
WEN R ZEbEZIOND, RIICOIESH
FARR, FEE# R EICIVENNRRET HERE
bEZOND, £O & D 72 i BRI 72 288 2

L, MHRHENOH LN EDHRDENTZTE T DOE
TS ZAT 5 MWED B D,

\«

IOl X, N3 2=T ¢ LAERRRITIER,

AT X o QR E W 72729, AE-PVC CTIEHl4E
SINTBNEMET 72D OB AL — & BEER
DIRBEINTNWD, BEINDRHHL—Z B
VEIERIA D BLJE W T oA, LN EE i i)
AT TR B,

Controllable

Electricity 6.6kV 200V
Extemal | _—Z-H — " Customer
Utility i Router Transformer and PV
(6.6kV), ¥ |; N

AC-Battery
Station

Fig.1 Figure image of AE-PVC

TUAT Kurokawa Laboratory
36

wmE EH (M)

S

—
Q
=
L=
-
3
Q
£

Fig.2 Matrix converter circuit

2. BRI —2 e

ZDX D R RO, XU —xZ L7 be
=7 22X % BTB (Back-to-Back) &t~k
Uy Aau "= FRRZz 615,
BTB F U, FREEBICER Y 7 207 o
Hlsh, ZHIIXL, v ) v Xarn"—4%
FRIFER 2T o 2B TH LN TED
7o, W/ N, EFEmbomnr b AR ThH
A, g, v Ny v Aa L NN—AFE—FHT
HDHM. L EOREIS Z 2 Tli— % ~0iE
ERET D, v U v 2Aarn"—ZDEEXE
Fig.2 1R, &£/, WMEEZFFOE 2N
ZEIZEY, AL v TFT AL AOBERIKI S A
W5, LEDOENG, EHLITRFEHL— & s
W~ hU w7 RAar =2 EEHAT52 L&k
ESERvR

3. RIFAIL— 2 1B OFIE
31 T hUwHRaIN—2DHH

~ U v 7 Aar _"=2OHIHE T —>I1C
A8 AC/DCIAC FX»3H 5, ZoHFATHE, ~
N w7 Rz N —2 BRI ERE 2 N
—H LEEA = ZITHEL, i EUMRAL
\ZHEd 5, R ToORET e v 7 % Fig.3
WZRT, 078, BTB 72 ElcBWTHIb I
LG R ERAT D 2 LN TE S, AWFFETIX
< Vw7 R NN—=F e\ RERHL— 4
HEaR OFIEE & L8 AC/DC/IAC J7 % ff A
T 5,



Matrix converter

Input filter

Output filter

@
Ne——
Input current

pulse commands™ |

Pulse
Output Voltage —,| composition
pulse commands

Fig.3 Configuration of matrix converter based
on virtual AC/DC/AC method

External Utility Internal Utility
6.6kV , 50Hz = ot 6.6kV , 60HZ
6.6kV /1 5kV I 2 0.5kV / 6.6kV _sa—>
\ ; Matrix = Vou
@ Lv Converter [ |3 &Y
3
o

k c D Output current
command

Controller Multiplier

Fig.4 System configuration

3.2 RFRIL—Z #IZ D FIE

AE-PVC IZBWTHREIND A A —VITxtT
LY ab—va RN E Figd (277, Fig.2
IREND ke~ N w7 R R—H T
HAONC AR R #ER SN D, ZusxtL, v—
ITHNCEBENBEE SNz 2 =7 4 N8
SN d, DI, RN OELEZ L AL,
T OEWITE > CERZR LT HERH D, Z
DIFITBNT, —Z R OHIEE T —RE 72~
M) w7 2a "= L8707, AC FET A
ALV EEEBFEEINTWVWSLIII =T 4N
ik, FMEEREBL, 20L&, L—Fd=
2 =7 A NEROALAR, SR EIEIRIZIS CCTOMR
RN DEIMEZEZ VIADBKLERDH D, K=
L— g3 T, WS DOhOas =T ¢ N EA
SNTRETOREPERZNET D, DD

S8 50Hz, PEL 60Hz &7 5,
4. 3alL— 3R

I 2= T A NEICXT LT, 1R 1 CTHIIER
Louwt=835Arms DG A T o7, I a2 b—Ta v
fER % Figh (29, Figh LV, /—2 50
RILEAI 2 I 2 =7 4 NEFPEOHE TN
C, a3 2= IR LAE 1 T3A ZHHG L C
WD ZEDHER SN D,

Proceedings

2000 Input Voltage (50Hz)
1000 i V,, 1000Vidv__7~"
= 7 AN 7 AN
> 1000 / AN 7 AN 7
2000 Z ~_ ~_
3000
(a)
12000
8000 7 \ / \anmgoit; \;oltaoe/ \
r4
=% N 7 Vo 4000V7div/ X v
3 -4000 AN / AN / AN 7
8000 A4 AN AN
12000
75 (b)
Output Current
zg N N (60H2) T~
z AN 7 N o 25AIY 7 AN y,
3 s N\ / N / \ /
R ~7 ~_~ N
75

0.00 0.01 0.02 (C) 0.03 0.04 0.05
Time [sec]

Fig.5 waveforms of utility voltage and power
line router output current

o —_ —T
400

§ 300 _,__,—'_'_'

2 200

3 100

Active power flow
100kW/div

(a)

Reactive power flow
100kVar/div

g
C
g - e
00 0.1 02 03 0.4
(b)

Time [sec]
Fig.6 Independent control of active and reactive

power flow

Fig.6 (207225 0.2 B W THBIE RS &
76 500kW (22 kb L, #E2h7E /155 % O0kVar (2
HELEBEETOYI 2 b— g ViERERT,
FER XV, M /)% OkVar ICHEE L7 E EE)
WMz JSEMER AT O 2 &R TE 5,

5 &

ZORERND, V— AR N vy s A3
N—R @+ 52 ENAETH D Z & HFEH
ENT, BHIEFNEII 2 =T 1I2OVTEBIT
B I 21— a U EBITH) TETH 5.

6 HitF

ZORFZEIL, BFre X — - EEEETR AR
BrE (NEDO)IC Xk 25 5EF%E, AE-PVC 00—
ELTHEMINTEY £3, NEDO LY, Fix-o
T ES ST TOREIESH - LET,

SEXH
(1] BRI 3B KRS o i P — AR B 25—
2006 Vol.59 No.2

A H

March 26, 2005
37



8th TUAT Photovoltaic Student Think-in

B XEE ORI R

1. HFEEREEHN

WA R 7 & OEERMESNER S5,
7Y —r XX — L L TKEEREDE KD
s Tnbg, BlfE, —KICEX LTS Si
FKGEMLAIMNT & | #4728 R KRS 2SS B
SINTWD, FARBEEMIX, K= 2 k- 5O
il - BET XL X — DD R EORHETE &
DHIFRF SV TV D —F5, Bk - FHmEL A 238 > T
W, E2, HRAICENICE T A HIEEUS
b, KRR X V2 2L T 2 BN BT
% KI5 7 O FEAN 512 (=Energy Rating) % fifé 37
THEEPIEFRIZIR > TS, £ 2 TARMEDH

& LT, EERICKBERE Y 2 — L2 RE L,

BAMEMED bR R 18 ) Pm 2 i 519 « LY
(CHERI G5 Z L Th D,

2. FEBERE

B TR T 3 iR & BIZE T DK
BT Y 2 — L& HE L, AM5:00~PM18:00 %
TIRERZ A I 7T, 1 0@ IV I—7 - f#
P AHIRE « TP 2 — VIREARIELTWS,
ABFZETIT 7T HDOEY 2 —LOHEnG | HiEs,
Si -+ ZiEkh Si e CIGS « HIT €3 = —/L Pm HEH
2117,

3. AHAES Pm HERITE L BER
3.3.1 Pm #EHI5E L HERIZC

RAHSES Pm i, DX TEDLEIND LD
\ZBRBCEEE Voc » #5545 5E 7R Isc » MK+ FF OFfE
TEHEOLND, AIFFETIL. Voc * Isc « FF %5l %
ICHERI LN B 5 2 & T Pm OHERIZTT S,
ADE LT, PIIEZBR T IE A HRE G & &
Va—/VRE T O&RTH5, Voc - Isc + FF Ot
A TRLB.2)~B.9XUTr T,

Pm =Voc *Isc *FF (3.1)

Voc =Voc(sto) I+ £*T ~Tg [ +0*m(G /G | (3.2)

Isc =lsc(sTc) *G /G0y (3.3)

FE—a+2°CFC 1w re*G) (3.4)
In(G)

B L. BHRERE%/CI, 6 B 558 B 742 5K
[%],a~et2 %k TH 5,

3.3.2 FFHAEHE
B.HXZEZHNWTFFHERZITH &, &2FT 2—
JUCAR H 5 50 B RE LS HEJIE & SEIME O Bk (LR
FZERPRE L otz JHIKNKB.49X T FF Ol
FERRE D B TSR EEURAFAS B SH58E o 1 RBEE T

TUAT Kurokawa Laboratory
38

£ thil (B4)

BENTHWAR, K108 9 ICFEBITK A HomE
FEC FRIBERENME T 952 &2k b, £ 2T,
K B SRERF OMIETE A S A L= FF HEHX %
(3.5~ 7,

b*G+c f
FF =a+ +T*(d+e*G+— 3.5
G 3 (3.5)
[ #c-Si mm-Si 4CIGS &HIT|
-0.0004
©-0.0006
~N
£-0.0008
e
# —0.001
g
i£-0.0012 +
]
-0.0014
0 02 04 06 08 1 1.2
B35 [kW/m2]

M1 £EY=—n10 FFIRELRE B SiRE

3.3.3 Pm HHKEERREE

HEH Pm OFERGEE LT, 1 2MEICRBT 548
RFEFEDE A N T L& 212, FxFAED Y
il - FEVEMR 22 - FHEAMRE A R 1 IR d, ek
HENZ., 2TOEY 2 —MITB W TR
6[%] LN THERIFTRE T o 72,

B c-Si I CIGS
6000
5000
4000 I
x
ggaooo i 1
2000
1000
0 Ll
—10% -8% —-6% -4% -2% 0% 2% 4% 6% 8% 10%
HExRE

2 HiiES Si,CIGS;Pm B X R F A

£ 1 Pm HRAREE R

EVa—)L | FHE | BERE | HERK
c=Si -0.906% | 2.103% 0.997
CIGS | -1.462% | 2.055% 0.997
4. £

ARWFFRICBNT, FHKGEME S 25
CIGS - HIT E¥V 2 — %2 E& 7 4 FEEOKEE
ey 2 —L T, HHES Pm 2GR 6[%]
UNTHERIATRE CH D Z L 2R LTz



Proceedings

KEXRETL A3 —2aVICEATHHR

1AFEE & - B

T4, KBENRES AT L ORKEE DL 2 H
WNIZE B 2o T, FEIFRIFAAMA, ERADIER
ETDVATAPBETHE IR T&E T, 2
DEIRT LA ZEH DOV AT ATIE, BERBDR
BIHEENHEL <, EHIFICHST L b i 7 ek s
AR A BIRL TWD LIRS VWEA LS
W, RFETIE, 2T VA EBEELEYI 2 b
—Yar Y7 hEREL, BHTHHLSLTLT
HTEIZEY, VAT AFFHIEL T TN Z E
NHEMTH D,

27V AV Ialb—Vgyv
TLVADAN) VTR EZAERICHEETE D
oL, 22—V A v X —T =R &\ L=
AFXISDT LA I ab— gV — L&
KL, YIal—aroBBENLBENEN
12537,

Y 2 — /L OFEEREE
IV ket 7 — &

ez

v
:
T4 FIFH
B
IEC891 KLV FEY = — <] EVa—LE
JUERE DR, T A

T LA KRR
BRE
T4 IV
B —7HH

.
i

Eff
by

m
i

1. 743 I al— g FTOHRN

DOFEY 2 —VETE

F1AT v TELT, PV EV2—LORENRH
Do PV 7T LA ZHERTDHEY 22— VOFEMRT —
HRMEL 72 B8, KBFEME Y 2 — /LT —F _—
Z2EFHL, 2O OEREMHEICIRVIATLZ &b
T& 5,

@7 LA R

22Ty FlL, PV 7T LA DRETH D, =
T LA RV, HERIRRE E AR ET D,
QFKMEFT—4% 77 AL

FEVa— V1K LR RET—4% & AR
RBr—H, WET—2DO7 7 A NVEHEL, N
MHEVIADD X HIZ LT,

&l ME B4

@O

T ADIN H—7 OB OF A 2 12T,
ZOMEHEIEL 4 ES 4N OT AR L, [EED
B -8E - BREROT—X2 2 AN LTEGEOH
HEmTH5, PV £V =2—/1T (B8) SANYO
DE Y 2—)L AMP-1815(3 1) & A 7=,

X 2. Hi77EE
£ 1. AMP-1815 DLk
BAMABIE | oA hEd | T | S
34.7[V] 2.8[A] 423[v] | 3114

a—¥FAf LU HF—Tz—R

O —)LDIENIT A BT — R SV iET
— A R—=AR EOEEN —2D Y 7 v =T IZ
FLoonNs, BEYVIal—y a7 MUz
T INAFFFERIC TR SN TE 72, SENIHAE Y
Ral—yary VY7 2T RLORESICFA
TEDL9, ~TEPLE LTHREZ KD AL
72

B 3. -~V
4.FL®
PV 7 LA DR EALEICHEL, 7T LA DM
ERODZENTE T, F12, Y7 by =T O
VEMEZm ESERZENTEZ, 5BOREE L
Ti, BEHEEICL S BT Y 7 b & OHA
1TV, X —BIcEAMEEOLZ & ThD,

March 26, 2005
39



8th TUAT Photovoltaic Student Think-in

JE—rEVIUTIZEBRBGARBE AT LEREDHE

LIIE®IT

I, HRORBEREICHEN TRV —FE T E
TEIHINERT TR, ZoxEHNERT -5
A, EOESR LA REH e EHER O — k= 3L F— R
FBLTLEIDIIHLNTHY, HFHl-e=x X
—JROBABIIRSIATHOMNENDH D, T2, {LAK
BHZ T ERERR L 7 EOBREME L EE L5, #
CCHEiAIRE R T R X — & LCREICIER SR T
HON, FEERFIC bR E 2 PEH L e W R E3
BYAT L THD, LLKEGITm R L X —5E
PIRN= 0, KB KR E Y AT Al
DIEOIITIAR B EEE A NEZSLE LT 5,
ZORMERT-T B X BND DA KRR A
NN DHWETH D,

2.HFFEE

W72 PIC KGR E L AT L ERET HHA,
WEIZHIL=RINEH Y, ABEATHIELAELHD
DT, WEENHENW-STEZICTHRETZSD
FTIEARY, L LEENIAKRRTZD, BEi~T-
THET DD HLEENTITRN, F2 T, HEHE
ZRFALEZVE— Bk, MR ED
KA D KB ES AT LOFEICHE L5
rai@E L, BREZHEEST DS Z ENAMEDOEH
Th s,

3.HFFEENE

KGR E L AT LAOFESIT Ot & LT,
ARFFECIE NP TRE Lo RFI ) 2 KE5E3E
BYAT LAOFELGFTOKEM & ERT D,

KGN FEE L AT LS E O folE 2 T3 5 729
DOFFHTFEL, MARREEA RN L CTHEAE DKW
Fra®E L, Fiooy PRI LD (LE RO T
Wit 20T 5, £ L TREEE W) DHETIEICE
SEMERWBE AT, TNLEHE L TKE
WHREL AT LERETDHOOKRERZRET 5,

4 FFERE R

4.1. 21 F CTORBEN
ZHNETOMBFETIE, M1IRT XD ICHE

OB CHEHHEER D RE S BVIED Z &N

K1 ZiE T TR

TUAT Kurokawa Laboratory
40

EF thE (B4)

Bl botz, THIE, EREOEENETHEWN
W3 A& % < Gl CIx, T ORNCIT O Hifg o
ERIEEOEME T < METET TV RWNWE=HTE o7,

4.2.E5 Y B ORERE

N FE TOREMIEDOMBEE R 5720 DORRE
REEFEZOW TR LTz, BEEN 2RO 0.05%
EBRIREETIZ Y v L Lz, LaxL, 2o
FETITEBE CREMEEZ L TRY, W{oOE
NI HZ O L HI I L » TR D720, KR E
U CHH{REIZREZZEDTFIET 5,

2 = eI O P B R R

4.3.ZHEEEER LI BERE

—iRIZ, EEOWEG &S TEY A 7 i EAE
KT D & XIIFXEEBSOE A N T LB
HEOICEEME LT Z L TRREOK— 21T 5,
AW THH L T SRR ERIIREEA BN K&
SERZEBLEEN WA, TOEEHEAT
LD ENAEDTEHEB ZBA L CTLES Z &I D,
Z Z CREAEZEENC ST 5 729012, NOAA-AVHRR
(2 & o TEI S - A FRIEAE NDVI 246 L CHi
A FEREAE & TR L 7=,

X 8 = ERbE oD i R R

2

5.4
AT AE AN BV E O IR 2 MERT L, R TE
ERE LT, BBROBER CHRITHERENEVES Z &
ZE<To0L, BiET A EBEE A NS T A
SHT-, FORE, S OB R B A LT hA
R E BB DI ORI O Z T -7,
LS%IE, fENTT VT Y X AOtESe, HEEMO -
BB, S DICARIFENT L7z 2 B2 ©
1372 < LORFEIZXRT LT HMENT L, KesseE s
AT LDORT ¥ VEHIZ1T 9 TETH 5,




Proceedings

BEEARKICISIANEBARBIATLOHREZHFEDOHE

1. FROBERKOHEH
Kig5E LLFPV) 7 LA DORE
S, BRPEEM TSI AT o0
ZEMNEFE LY, L, EBITEDS
ARIg EOERDINDEGFTICRET D2
EMFEALETHD, RETEDODPVT
LA DA ZTHT L7200, 0%
BEPHRD Z LI REEETH D,
AW TIL, HEEROEEY - 7 LA &KiEST
DOEHEHEZHRY, W - —AllEs T PV
T LA LEEMOMERREIIET S, ZOAE
B G, 7T UVARBEGITIICED L S RN TE
Lk, HETELY 7 FEHR¥ET 5,

2. BEMERICXLIHE

GEHAET LR, EEMET LA RESTTO
W5 & R—OGEENICE L Z e X R#H e b

Thb, TIT, BAICEREEZRY, =AHEE
EFRWCERENEZT/25, (WDZELT, K2
R T LY ICEAER— L, FUEERICTSZ
& T, EEYE T VA REGET O XA E B R
RIS,

REGMOEER
BEEMOREER P

y g ® X, Y,2)
z (Xa’ya’za)i ZY

&1 ME%EFP
P

z
D (Xb+da,Yb+h,Zb) .\
(Xa,yaza) 2, tN
1 ‘ 1 X

y

)

3. EOHL

SR - BEEY - T LA BREGETONE R D,
FEEMNT A REGITIHED O EE, TY
AT ER RICHRRT D, ZORREEE LT,
T SUEAR CRE O AR A R L, AL & i AR
BT 5,

X2 X

4. EB
FER T BREEY SR ES T AR L,
BNTOARIbEB I oT-, TDOBIZ, NA&

&N E— (B4)

72 E AN TED XD AL EL D0
FRAE L 72,

FBRI : KBSEEMZT-Y7 VAL, TH
N - HHEEIT o T-, TD L XDOREL MG
L7z,

5. EROELE - R

TR B AATZERIZ, EEAdilkd 52
I LTz, ERRTHEKIDL IR D,
UL, EBEICENTEHNEND, HELEE
DRBEIZALTLE-> TS, ZHIUTALHEE
DB D72, WEOEENSATLTNDS EE
Zbivh,

HEE L7 DALE
ESVR) ARIAT

X3 Eoufit

EEBRI : KB LY 7 b TRHEEEZBZ o7z
AR x,z JEAEIIRRZE A% LN TH D08, y JEFED
BRI IRR 2T% & 72 0 K&V, ZhUE, v JERE
DA — VIR NEWNT=D, VDXL N KRELE
BLTWDHEDTHDLEEZLND,

6. £&®

O #HEMOBFEAMHTLZ LT, EEM LK
EIGFTEEN TO D RPN TS, BAW
ONEBREZERET D Z ENTE, L,
AT %o Dl ETBEL 2T AuX v
WEWHHIRR L, JIEREE 2 dGE LTl
BN E WS RENR D D,

@ (EPABREEETEZIET, BEOHELE

2RV, WYAATEEBIZEEZ ST 52 &0

T&E, THIZE-T, LVEDOMENRDLNHD R

T pole, L, EBRICEDOTEHMEND

TNNELCTLEH- TS, ZORLENETD

7=oiz, MERBEOSEEZ LT beneE

WORRENR D B,

March 25, 2006
41



8th TUAT Photovoltaic Student Think-in

N)—aAVT4aF OHEIMEERHBAEICEET 5B

1. i

FEAE A SRR E E0 R S, HERIERR LD
JRIR & 70 2 bR FHEH EHIEA BRIk b
TW5b., ZOREIIRT L —2DE 12 L LT, BE
Rl R bRFE P27 UV — e B & LT
FFSNTVDLDB KRB AT LTHD.
KEFHEIEE S AT DRI 72 WE S EHIEE T
HBENRT—arTF o atit, FHREERTIHED
DI #EMEL B L TW5D. Lo LARTE LTCRlER
BN SN GAS, HERZ RS 5 2 8RN
REECTHDZ ENEHMINTWD.
AWFIETIE, RNU—a3 T 4 aFichfmE LT
Paot ST mldnpg D 8 2 fiffr 5 Z LI k- C,
HUMGERR R IS E 5 2 DB AR L, BB
BT T AERICFH G T D52 5.

2. HEEER LT

BOMIERR 21X, PEABENOU Y BEIN-E SR
HNICBWT, BEXMOEIRIC L > TELHEN
AR DI TUERRICER LT L TODHIRIED
ZEEET. oL RIRETHE, ARSIEESD
JREE, RICEE SN TV DR OB, THBATEE)
ORE, FHOILRLE IH OB N AET 52BN
5. Voo [RHEREREMETA KT A )
TlE, R ERSZ AW CHMEE R L, 3
TR & SR DA T & 5 X 9 70 AMGEERRS (3R
LD EERFHIE LTS, @

3. HFFEMEE
F—BEERNICAR & L CEEEENIEET 254
2, RNU—a T v g FRAEMEGERS 2R L
I WEWHIERDONE 5. # 2 TR T,
FHEEE AR E LA VbR TS 74 v &
(HAHFGE BB - ICAFHIEE) %, SRt & sl

DEENZ OV TERABEGRICSH LD —LT 5
ZEERAEELTVA.

X 1DX>RERRBIEEELRL, 77140 X0k
HETE L ZTOREEEEFHAI L. bl 7-0
mEAER b B FHAI L 7.

TRIAC

Light Bulb
110V 100W

B 1 SEERIAIE X

4, EBRHER
X 2 |2 645W 7T A » X O EBIFERE 2R, A

TUAT Kurokawa Laboratory
42

=B fN# (B4)

MNEL 2T EEREEIEO BRI T2 5 HEI
HD. FoERATESLIC 1~2Hz BRERD L, T0O
BIIMRZIZHIET HZ RN 5.

— )5 ClHldEA D[RRI L EIR A 7 B S8 5 )
W5 Z b o Tz,

Frequency Transient of 645W Grinder Voltage

51 I A A R A A R M AR A A A RRRRRAA MM AR Y 1D
o e |

49 [

r ;
48 - e

Frequency [Hz]

47 oo

46 ;

45 ;

ag Dotondendondennodeinenedoniondvniden i,
0.6 0.8 1 12 1.4 1.6 1.8 2 22 2.4

Time [sec]

— 121W — 49W — 9W

Non

—25W — 1w

X 2 645W 7T A X O E RN

5. ¥£¢8

AR D L 9 IZ AR A 7T A v X OG5 T,
[ E R EIEOR M, Flfis1-oRERE Ok
MBI BZ Enbholz. ZHHIXEE KT
BHIEBANTOIERES, Pl FOEMEE—X Y e E
NRRTHDEEZLND.

LSBIIAS B OFERRIRKALEL, L0 IEMEE
BEDTF— 25155, #OF—2%m L, HBEE
JEOAMIKIEIC L B, B E bz —ixb L
TWE T2,

FTRDEMTE— A N E Vo IR
KA, BRRICE I VWS BE 52 500 EHHE
L7720,

Z LT BN & oo nl sk 2 &R
THAZ DT LEREL, xR EMERRHOT L
Y RXLHE BT DT —a T v a T OEAGE
AR BBl 5- 2 5, [BlHREE D2 2 Bl LT
ES AN

SCHR

(1) ZHAERROE RS JEAGIT01-2001, FHFH ik
AN BAREGRWHS, A—2%E, 2001.

(2) R0 BIRAEREM I A R Z A 2003, =%
NF—T +—F A, 2003.

(3) HAJRILE : “HIMGEERRS E 5 R 0O RS A faf 52 28
\ZDWT?, PRk 1T FEBRR PR EEKRE, 2005.

@) HAREURE : “EEsEE AT OE N K D HAEERES Ik
FEEAORBIZONT?, ik 17T FEEK 2 B M
K%, 2005



RINEE HRE

#m ') AR [2000 £ ~2006 %]






WL AR List of Papers

RRBIAY I BRETFIZH
2)iES HEE XY RR[2000 £~2006 £F]

<2000 &>

(1) B KR EOBUIR & R, FHAIE Hl4#, Vol.39, No.1, pp.8-13, 2000.

2) B KB OB S RBY, —x X —EHURGES, HAR AR REME, 2000.1.31.

(3 B KRB AT AO@hH, HARBRTEST 27 BIH = 30X —i#HH2, 2000.2.10.

(4) R, VEH, g, &2, WH, 1hA, B EEAKREEHEE D AT AOBEFERHME, EXFafm L
F—EREINIZES [HAERRE= X /L% —] 2000.3.15.

(5) BplRy, K1, )0, 211 EDLC OFRAMSZRUREE I E S AT MMTHW D 3 o — X OFE L & DR,
BRFEREEAZ, IR, 2000.3.

(6) e, SR, BRI JRSERUREG R S A T A O WIS BT D Ed, ERFEREE RS, IR, 2000.3.

(7) BSE, R, 1EH, B BEAIRIC XL S HR#ERAZORE, EXFafERS, ®HIK, 2000.3.

® A1, B, FAE, w0 KBEERE S A T AEECERIFIZ 31T 2 @SR — BE B El R 0E 7L,
BRFEREEAZ, HITK, 2000.3.

9) e, H, B S VIEIZ K 5 KBRS E S 27 LA DBEKRF DML, EXFSRERS, HILK, 2000.3.

(10) B =3 L F—AIHRER, EE Vo SUEEERE THIEREREE), IV 7R —SRABIEFTTT (FE), 2000

(11 B REGE3E S AT L dfi#hn, v—hv—, (FH)

(12) %Jllg:ﬁ%(%%)ﬁ%%%i’@ﬁi%%%‘mﬁ%ﬁ‘é%E%E‘JF’:FJ%@@?EH, %1 2 FIRF R EEiigs, g/ M, 2000,4.17

HEH

13) K. Kurokawa: PV systems in urban environment, Solar Energy Materials and Solar Cells, ????, 2000. ?.

(14) K. Kurokawa, O. Ikki: The Japanese experiences with national PV system Programme, Solar Energy,
Topical Issue on Grid Connected Photovoltaics, 2000.7.

(15) K. Kurokawa, D. Uchida, A. Yamaguchi: Intensive introduction of residential PV systems and their
monitoring by citizen-oriented efforts in Japan, 16t EU-PVSEC, Glasgow, May 1-5 2000.

(16) K. Kurokawa, P. Menna, F. Paletta, K. Kato, K. Komoto, T. Kichimi, S. Yamamoto, J. Song, W. Rijssenbeek,
P. Van der Vleuten, J. Garcia Martin, A de Julian Palero, G. Andersson, R. Minder, M. Sami Zannoun, M.
Aly Helal: A preliminary analysis of very large scale photovoltaic power generation (VLS-PV) systems,
16tk EU-PVSEC, Glasgow, May 1-5 2000.

Gk)) H. Nagayoshi, K. Kurokawa, T. Ohashi, H. Nishita, T. Deguchi: Feasibility study of peak-power reduction
system using 100kW PV and battery combined system at Shonan Institute of Technology, 16t EU-PSEC,
Glasgow, May 1-5 2000.

(18) K. Kurokawa : Realistic PV Performance Values Obtained by a Number Grid-Connected Systems in Japan,
World Renewable Energy Congress, Brighton, July 1-7, 2000  (JEE=%)

(19 %JIIA:EQ%?%%%VX?AODF%%@JW, 1 THEKEEREL AT LV VR Y L, BIFASHE, 2000,6.14-16

HER

(20) FN KECTRBEOME LFRRRYE, # 8 RIEmARKGEMIS LOKENREL AT LT =2 v a vy, @miF
T x=vy 7 A7 7Y, 2000.7.20-21 (FBFE#EEH)

(21) B, B KBEMT LA S EHERR Y 2 = L— a v ~T LA SEEEORE~, ELRFERE - =%
MRS, dBEERY:, 2000.8.2-4

(22) Jita, B, Bl R _EE N v U X BAAAA TSN KSR E Y AT A, BRFRE) - =X
—HBIRE, JbMRERYE, 2000.8.2-4

(23) o, B KRBT D EKE)FBIERIE S 27 AOFHD, EXFRES - =X F—HHRE,
JbifEE R, 2000.8.2-4

(24) A0, B, WHE, 8 KRB AT AOEEGERFFCI T 2 ERET, EX7FREN - =3
F—EBPRS, JbifEE R, 2000.8.2-4

(25) i, BN, 88, KA KBBENRES AT OB T D Mat~7 A ¥ A7 — 2 E % AWz B & OHEE
FiE~, BRFREN - X —HARE, dWfRE R, 2000.8.2-4

(26) Bwo, K, B HEEEGEZFHE LZET7 A ROBNON, BEXFEEN - o VX —EMAS, b
ERF, 2000.8.2-4

@7 H.Taniguchi,K.Otani,K.Kurokawa: The motional analysis of cloud albedo patterns by using GMS
images,28th IEEE PVSC, Alaska September 15-22 2000

(28) T.Tomori, K.Otani, K.Sakuta, K.Kurokawai: On-site BIPV array shading evaluation tool using
stereo-fisheye photographs,28th IEEE PVSC, Alaska September 15-22 2000

(29) H.Matsukawa,M.Shioya,K.Kurokawa: Study on simple assessment of BIPV power generation for
architects,28th IEEE PVSC, Alaska September 15-22 2000

(30) B o — - R & KBS AT A~OHF;, NEDO 74 —7 452000, HREy 7o
k, 2000,9.26-28 (G#i#)

(31) I, sy, B, Bl KEEEEE S AT AOBEMFIRICBET 28178 (20 1) M5 HRBFEEREC KR
EIRERTE, BRI YS, HAKRT, 2000.9

(32) By, i, B KIS sEE S AT LAOREMFIFICET 2198 (20 2) BERHE - BGA A DIRTEN 5
BRI R R B E, PSS, AAKRY, 2000.9

(33) W, BHER, RN, B, I RO AR =PRI E S AT L OFERMECRIE TR AL, QA
RS, AAKRYE, 2000.9

(34) I?{E Kurokawa: Solar RD&D in Japan, IEAOCERT Expert Workshop, Paris, France, Oct. 27, 2000 ([ 88%
X

(35) w0, BN, FHE, w KR E S A T AR ER R I 1T L AR R — L F IR O it
—, HAKB= R LF—%%, No.12, #RILEKY, 2000.11.8-9

(36) KBE, HE, n, K&, B KEAEES AT LORERE, AARKBT= R LX¥—F2, No.l4, &iRL
¥R, 2000.11.8-9

37 g, R4, 1EH, i, B BEARIROLR ) 2B @ LI K EEES AT L0 kW MIEORE, HAK

March 25, 2006
45



8th TUAT Photovoltaic Student Think-in

B kL X —%4, No.15, &iRTEKY, 2000.11.8-9

(38 T, B : PVA LU AR—=EDF 4 DENEIE~T v F v P~ A a0 K DHIEEM~, BARKET LI —
4 No.22, &IRTEKY, 2000.11.8-9

(39 L, B KEBERE S AT LSBT D RKESBEHBOFTM, AAKET R L -2 No.25, 4
IRT KR, 2000.11.8-9

(40) mE, B BEARICL D P VA U N—Z OEERRHT-P VA >N —F O IE/2 AFBO T2 D OfENT-, H
AR L F—52 No.26, &R T2 K%, 2000.11.8-9

(41) KLY, g, VEM, B, B T RA—=FoNEE RIS LK ERBY AT L V22— g VOEE

ALY AT B X DMEE, AAKBT RLX—52 No.31, &R ITFEKY:, 2000.11.8-9

(42) B, B KREEERET LA DA EREIR S I 2l — g~y ab—y g U REOKT~, HAKE=
FILF—242 ) No.81, &R L¥E K%, 2000.11.8-9

(43) W, MR, HR, i, Ke, EH, B =P a—VEEHER I VI—7 28 L7-AkEEES I 2L
— ¥ a UHEAROBR, BAKBT RV —5, No.92, &R TR, 2000.11.8-9

(44) Eliﬁ, I, R A SR OBRRFE O EECBE T D28, AKX R LF—%%, No.126, &R T¥EK
%%, 2000.11.8-9
(45) Jia, B, By, B : EDLC Z#AAA TSR KR ES AT LDV I 2 b—v gy, EF@EETR

X —WFIEE, BEIEEISAE, 2000.11.17
(46) BN KGR EBEOBRE L EREE, BORRAIIERT, =¥ —0FZFIH L &REAS, 2000.12.10. (B

JiFe)

<2001 £>

(1) B : 21 AN 72 < KRB E, KDt E e TREI8E] %M, 2001.1

(2 A, Ky, B AREEERE AV ET A FOBRsHT, ERESHGE B, Vol.121-B, No.2, 2001.2

(3 A, I [, W KRR E S AT AEHE RIS 2 AR, EXR PSR ¥— -
B, FTE-01-4, 2001.2.21

(4) B, KB, Ry, #5, B, ERFEeERE, 4 HEKRY, 2001.3.21-23

(6 W, B PVA Ay DEERANERORETECET S, BRAFERREKR, ATRKE,
2001.3.21-23

(6) Ezﬁ(i)gﬁl 3%J1||23(EEH ) KB RE AR IR K 5 B K B IEHE ORHE, EXFasERE, A HERT,

@) Kosuke Kurokawa: PV systems in urban environment, Solar Energy Materials & Solar Cells Vol.67 (2001),
Nos.1-4, March 2001,

(® T.Doi, I.Tsuda, H.Unagida, A.Murata, K.Sakuta, K.Kurokawa: Experimental study on PV module
recycling with organic solvent method, Solar Energy Materials & Solar Cells, Vol.67 (2001) , Nos.1-4,
March 2001

9) H.Unozawa, K.Otani, K.Kurokawa: A simplified estimating method for in-plane irradiation using minute
horizontal irradiation, Solar Energy Materials & Solar Cells, Vol.67 (2001) , Nos.1-4, March 2001

(10 H.Taniguchi, K.Otani, K.Kurokawa: Hourly forecast of global irradiation using GMS staellite images,
Solar Energy Materials & Solar Cells, Vol.67 (2001) , Nos.1-4, March 2001

(1) D.Uchida, K.Otani, K.Kurokawa: Evaluation of effective shading factor by fitting a clear-day pattern

obtained from hourly maximum irradiance data, Solar Energy Materials & Solar Cells, Vol.67 (2001),
Nos.1-4, March 2001

(12) M.Kusakawa, H.Nagayoshi, K.kamisako,K.Kurokawa: Further improvement of a transformerless,
1\(/(I)lta%eélz)ooolsting inverter for AC modules, Solar Energy Materials & Solar Cells, Vol.67 (2001) , Nos.1-4,

arc

(13 B A O A2 5 KRB ET VX —, FHICHYRTRERESHES Y VAT U A TRELHEE
-BUIEN B ARF~], BIERY:, 2001.3.28-31

(14) i)lli %Kﬁi&fﬁélisﬁ 2 KB IER EEHUIBRAE (B - 5 B IRE O f# B, H12 425 NEDO ZEit3 s i
=, 2001.3.

(15) Bl KA ERADBI AT —a 7 1 v 3 FOSER%, NEDO Hufti= Y — o7 AR ERCER
R EREE, 2001.3.

(16) B KGR E L oicER, 4B RFRFFEPHSE, 2001.05.17.

17 K.Kurokawa, O.Ikki: The Japanese experiences with national PV system Programmes, Solar Energy,
Vol.70, No.6 (Topical Issue on Grid Connected Photovoltaics), June 2001

(18) B KB E Y AT LORFEBIM, 18 BIKBERE L AT LAY RI T L, A A/ B—/L, 2001.6.57.

(19) goguke Kurokawa: TOWARD LARGE-SCALE PV POWE GENERATION, 12t PVSEC, JEJU,June 11-15

001

(20) M.Ito, K.Kato, H.Sugihara, T.Kichimi, J.Song, K.Kurokawa: A Preliminary Study on Potential for Very
Large-Scale Photovoltaic Power Generation% LS-PV) System on the Gobi Desert from Economic and
Environmental Viewpoints, 12t PVSEC, JEJU,June 11-15 2001

(21) PMenna, U.Ciorba, F.Pauli, K.Komoto, K.Kato, J.Song, K.Kurokawa: Analysis of the Impacts of
Transferring a Photovoltaic Module Manufacturing Facility, 12t PVSEC, JEJU,June 11-15 2001

(22) T.Ishikawa, K.Kurokawa, N.Okada, K.Takigawa: EVALUATION OF OPERATION CHARACTERISTICS
IN MULTIPLE INTERCONNECTION OF PV SYSTEMS, 12t PVSEC, JEJU,June 11-15 2001

(23) H.Matsukawa, K.Koshiishi, H.Koizumi, K.Kurokawa, M.Hamada, L.Bo: Dynamic Evaluation of
Maximum Power Point Tracking Operation with PV array Simulator, 12th PVSEC, JEJU,June 11-15 2001

(24) J.Tamura, K.Kurokawa, K.Otani: A study of measuring estimating for in-plane irradiation using minute
horizontal Global Irradiation, 12th PVSEC, JEJU,June 11-15 2001

(25) A Yamaguchi, K.Kurokawa, T.Uno, M.Takahashi: Reflection and Absorption Characteristics of
Electromagnetic Waves for PV Modules, 12th PVSEC, JEJU,June 11-15 2001

(26) K.Otani, K.Sakuta, T.Tomori, K.Kurokawa: Shading loss analysis of PV systems in urban area, 12th
PVSEC, JEJU,June 11-15 2001

@7 T.Oozeki, T.Izawa, K.Otani, K.Kurokawa: The Evaluation Method of PV Systems, 12th PVSEC,

JEJU,June 11-15 2001

TUAT Kurokawa Laboratory
46



X' AL List of Papers

28) T.Sugiura, T.Yamada, H.Nakamura, M.Umeya, K.Sakuta, K.Kurokawa: Measurements, Analysis and
gggiuation of Residential PV Systems by Japanese Monitoring Program, 12th PVSEC, JEJU,June 11-15

(29) J.Song, K.Kurokawa, P.Menna, K.Kato, N.Enebish, D.Collier, S.C.Shin: International Symposium on

“Potential of Very Large Scale Power Generation System on Desert, 12th PVSEC, JEJU,June 11-15 2001

(30) Y.Nozaki, K.Akiyama, T.Yachi, H. Kawaguchi, K.Kurokawa: Operating characteristics of an EDLC-battery
hybrid stand-alone photovoltaic system, IECE Tans Communications, E84B (7), July 2001

(31) K.Kurokawa: The state-of-the-art in Photovoltaic, 1t MOPVC, Ulaanbaatar, September 5-7 2001

(32) K.Otani: Solar Energy Mapping for Eastern Asia by Satellite Images, 1t MOPVC, Ulaanbaatar,
September 5-7 2001

(33 M.Ito, Kazuhiko Kato, Hiroyuki Sugihara, Tetsuo Kichimi, Jinsoo Song, Kosuke Kurokawa: A life-cycle
analysis of Very Large Scale Photovoltaic (VLS-PV) System in the Gobi desert, 15t MOPVC, Ulaanbaatar,
September 5-7 2001

(34) A.Amarbayar, K. Kurokawa: Performance analysis of Portable photovoltaic power generation systems
based on measured data in Mongolia, 15t MOPVC, Ulaanbaatar, September 5-7 2001

(35) B BARIZET 2 KEEREOBUK & 4% 0B, BEE KGR ERES AR T A DRI EITHIEK
ERZ B, d)ilar ak—)1, 2001.9.18

(36) BN REEFEEICHT 2%, NEDO 7 4+ — 7 h- SV KIGEI 3 FE, AT v=a—4—%=, 2001.9.20

(37 K.Otani, K.Sakuta, T.Sugiura, K.Kurokawa: Performance analysis and simulation on 100 Japanese
residential grid-connected PV systems based on four years’ experience, 17th EU-PVSEC, Munich, October
22-26 2001

(38 M.Ito, K.Kato, H.Sugihara, T.Kichimi, J.Song, K.Kurokawa: A Preliminary Study on Potential for Very
Large-Scale Photovoltaic Power Generation System (VLS-PV) on the World Desert, 17t EU-PVSEC,
Munich, October 22-26 2001

(39 J.Tamura, K.Kurokawa, K.Otani: Measuring and estimating for In-plane Irradiation, 17th EU-PVSEC,
Munich, October 22-26 2001

(40) A Yamaguchi, K.Kurokawa, T.Uno, M.Takahashi: A New Added Value of Photovoltaic Module ~Absorption
Characteristics of Electromagnetic wave~, 17th EU-PVSEC, Munich, October 22-26 2001

(41) H.Koizumi, T.Kaito, Y.Noda, K. Kurokawa, M.Hamada, L.Bo: Dynamic Response of Maximum Power Point
Tracking Function forlrradiance and Temperature Fluctuation in Commercial PV Inverters, 17th
EU-PVSEC, Munich, October 22-26 2001

(42) B RIEOKRGIEFEEIIE - B & 5% 0N, HAS, FLafFE, 2001.11.09

(43) pH, JKER, /R, B KRR ESER LIZEERKO T I 2 L—F OF, AARKEGZ R —%a,
TS SCERY:, 2001.11.8-9

(44) %2): /J\é?ié B, 45, & PV A =207 4 PXVHIEE, BAKEGT R VX —F2, ffESTHERE,

1.11.8-

(45) TSE, K, VEM, K, fH, I #WiRREICBT 5 KGR E S AT A0 BE2FHMAE, BAKEGT RV
F—4gy, fEESCHR, 2001.11.8-9

(46) AT, I, EiE, B EERRR E S N A E ARG E S AT AOFEEATIZONT, HAKBT R
LR —TEg [RESTERRY:, 2001.11.8-9

(47 TN, BT AR DRI E S AT LA FRITE DT — Z BT - 2 AT LR, AAKE
TR -y, fEESCERYE, 2001.11.8-9

(48) IR, KB, R, #8E, B KRR ES AT AT — 2 ORERZWEE, BARKGT R LY —%a, &
& RS, 2001.11.8-9

(49) KB, H%, K, B KEBERE S AT AOFHMT — & & AW iM i Fik, BAKGT 3L —%%, &
& CHERS:, 2001.11.8-9

(50) YN, et B KEEEMEE I X 2 /REEE, B ERRETSEFRE = L —EiNs, FF
H# EE 2001-33(2001-11)

(51) B KRR EOME L fREYE, WBUR (BURRAWIIUAT) |, 2001.11

(52) BN 2 KRBT BB OBUIR & kdha, Mk TR SR 2 —, 2001.12.11

<2002 &>

(1) B KIGHFE S AT LOFEM, Yl E, 2002.3

2 BN 21 A R o E& TR, JPEAFE T3], 2002.2

(3 B FORAERR, 7V —rF v /38X, 2002.3

(4) BN AT 7o R R EERE G A2 Eh 5, PVTEC == —2, 2002.3

(5) VI, &3, B KEEmEE LA ERE~0 MPPT HI#O@EM, B AHESME®R - 5 - S
f, BT KR, 2002.3.26

(6) S, a0, KR, B mEEERROEEENEEE AV BB TR0, ERFReERE, L¥F
K, 2002.3.26-29

(7) KB, i, K&y, T8, @G, i, 2 EE LR MERERREB O EF & SV IEMTREIR & o iR,
BRTFREEAS, T#FEAY, 2002.3.26-29

® Paulo Sergio Pimentel, H. Matsukawa, T. Oozeki, T. Tomori, K. Kurokawa: PV System Integrated
Evaluation Software, 29th IEEE PVSC, New Orleans, May 19-26 2002

(9 A. Amarbayar, K. Kurokawa: PERFORMANCE ANALYSIS OF PORTABLE PHOTOVOLTAIC POWER
GENERATION SYSTEMS BASED ON MEASURED DATA IN MONGOLIA, 29t TEEE PVSC, New
Orleans, May 19-26 2002

(10) Y. Noda, T. Mizuno, H. Koizumi, K. Nagasaka, K. Kurokawa: THE DEVELOPMENT OF A

(11)

SCALED-DOWN SIMULATOR FOR DISTRIBUTION GRIDS AND ITS APPLICATION FOR
VERIFYING INTERFERENCE BEHAVIOR AMONG A NUMBER OF MODULE INTEGRATED
CONVERTERS (MIC), 29th IEEE PVSC, New Orleans, May 19-26 2002

K. Kurokawa, K. Kato, M. Ito, K. Komoto, T. Kichimi, H. Sugihara: A COST ANALYSIS OF VERY LARGE
2S(%%LE PV (VLS-PV) SYSTEM ON THE WORLD DESERTS, 29t IEEE PVSC, New Orleans, May 19-26

March 25, 2006
47



8th TUAT Photovoltaic Student Think-in

(12) A. Amarbayar, K. Kurokawa: PERFORMANCE ANALYSIS OF PORTABLE PHOTOVOLTAIC POWER
G]IEINERATION SYSTEMS BASED ON MEASURED DATA IN MONGOLIA, WREC-7, Warszawa, June 29 —
July 52002

(13) KE, BPH, /R, BB PV A =2 o HlEIRR HER O E, BER/FEaMRE, BIERE,
2002.8.7-9

(14) Mo TR, I, NR, B T4 P E A = FIZBIT D MPPT IO

o+, ERTSWMMARE, @

FR, 2002.8.7-9

(15) A, @i KA, B AC T AVEAWEHEREEERRICKL S ARETNOMRS, EXFESIMMARSE, @It
K%, 2002.8.7-9

(16) H. Koizumi, K. Nagasaka, K. Kurokawa, N. Goshima, M. Kawasaki, Y. Yamashita, A. Hashimoto: DEVELOPMENT OF
INTERCONNECTING MICRO CONTROLLER FOR PV SYSTEMS IN JAPAN, PV in Europe Conference and
Exhibition From PV Technology to Energy Solutions, Rome, October 6-11 2002

a7 T. Mizuno, T. Ishikawa, Y. Noda, H. Koizumi, K. Kurokawa, Y. Arai, N. Goshima, M. Kawasaki, H. Kobayashi: THE
ISLANDING DETECTION ALGORITHM OF A NEW AC MODULE FOR THE GRID CONNECTION IN JAPAN, PV

in Europe Conference and Exhibition From PV Technology to Energy Solutions, Rome, October
6-11 2002

(18 HiE, KB, B, KA, #E  KEEREY AT 2055, BAKET R LX—%E, IGEER 4
—, 2002.11.7-8
(19 283)?2’ j('éé I EpHA B S EOWE & MBS 228, BAKBT R LX —%S, (IEEEE > 2 —,
1.7
(20) g, hOpE, A, KR, ER, B SEBEICBT S KRB KBIERES AT LD T A 7 ¥ A 7 VI,
AARKG= L ¥ —%2, (IEEER % —, 2002.11.7-8

<2003 &>

o)) HtE, g, WA, BE, SR, B HROBEICKIT S 100MW KEICKBHE R E S 2 7 A(VLS-PV)D
FATYA TNV, B LRI F = AT AR R T 7 LA R PR R T )L, 2003.1.30-31

(2) Num, I, KB, BN KBOEREE Y X T LREREOREGTM Y 7 b Y =7 (PVDOEEM T AT AT
K OMGE, BROEREERE, HILFBERY:, 2003.3.17-19

3 EiE, A n, B, KA HEEEGOZMBEEEGTE RV BT, BRyaetcERs, JALER T,
2003.3.17-19

(4) BE, /J‘7?<, B Ty, e KB YEsE B A UR—HAETT 4 VX MPPT EDBR%, ERFESEEK
2, WALFBERY:, 2003.3.17-19

(5) N, B LED Y —F— ¥R 2 L—XIC KD KIGEMBREE, BEXPFREEKRS, 7R KRE,
2003.3.17-19

6 [if] FHT, /Mﬁ‘, a)ll, whl, B K /Vf7°3 v b —FI L D R D X[ STEER O 72 D O W E S O
i, BRTYSeERE, HEFRERY, 2003.3.17-19

(N B 7 7B 5 PV HANBATE A K OBUR & 4% O, 5§ 2B 77T 5 PV EARBESE,E
NE R OBUK & foRkEBY, FURERRATEE, PVTEC/JEMA, 2003.2.14

(€) B KRBBEHED by 7 A~WCPEC-3 ~[A1F T, 2003 4467 50 R, #4311k 2003.3.27-30

9) B DRED =3 F— - REEHEE, ESLBFHMEE, 2003.3.29

(10 B KRR ES AT 2OHER, s imEE, 2003.3.

(11) K. Kurokawa, editor.: Energy from the Desert, James & James Ltd., May, 2003(§174)

(12) M. Ito, K. Kato, K. Komoto, T. Kichimi, K. Kurokawa: An analysis of variation of very large-scale PV
(VLS-PV) systems in the world deserts, WCPEC-3, Osaka, May 11-18

(13) T. OOZEKI, T. IZAWA, H. KOIZUMILK. OTANI, K. KUROKAWA: An evaluation result of PV system field
test program for indusry use by means of the SV method, WCPEC-3, Osaka, May 11-18, 2003

(14) H. Matsukawa, Paulo Sergio Pimentel, T. Izawa, S. Ike, H. Koizumi, K. Kurokawa: An Integrated design
software for photovoltaic systems, WCPEC-3, Osaka, May 11-18

(15) S. Kohraku, K. Kurokawa: New methods for solar cell measurement by LED solar simulator, WCPEC-3,
Osaka, May 11-18

(16) H. Koizumi, K. Nagasaka, K. Kurokawa, N. Goshima, M. Kawasaki, Y. Yamashita, A. Hashimoto-
Interconnecting micro controller for PV systems in Japan, WCPEC-3, Osaka, May 11-18

a7 K. Takeuchi, H. Koizumi, K. Kurokawa: A new type of scaled-down network simulator composed of power
electronics, WCPEC-3, Osaka, May 11-18

(18) T. Mizuno, Y. Noda, H. Koizumi, K. Nagasaka, K. Kurokawa, H.Kobayashi: The experimental results of
islanding detection method for Japanes AC modules, WCPEC-3, Osaka, May 11-18

19 Batsukh, D. Ochirvaani, Ch. Lkhagvajav, N. Enebish, Ts. Baatarchuluun, K. Otani, Koichi Sakuta, A.

Amarbayar, K. kurokawa: Evaluation of solar energy potentials in Gobi desert area of Mongolia,
WCPEC-3, Osaka, May 11-18

(20) Junsetsu Tamura, Hiroyuki Nakamura, Yoshinori Inoue, Kenji Otani, Kosuke Kurokawa: A new method
of calculating in-plane irradiation by one-minute local solar irradiance, WCPEC-3, Osaka, May 11-18
(21) A.Adiyabat, K. Kurokawa: An Optimal design and use of solar home system in Mongolia, WCPEC-3,
Osaka, May 11-18
(22) N. Okada, H. Kobayashi, K. Takigawa, M. Ichikawa, K. Kurokawa: Loop power flow controll and volatge
1c\}{la]ralcltelrgi;stics of distribution system for distributed generation including PV system, WCPEC-3, Osaka,
ay 11-
(23) N. Okada, T. Nanahara, K. Kurokawa: Estimation of distribution system load characteristics with time
series data of PV system output, WCPEC-3, Osaka, May 11-18
(24) Namjil Enebish, M. Battushig, M. Altanbagana, K. Otani, K. Sakuta, A. Adiyabat, K. Kurokawa:
11\)/frf0ﬂni1§ce monitoring of PV modules for VLS-PV systems in Gobi desert of Mongolia, WCPEC-3, Osaka,
ay 11-
(25) K. Sakakibara M. Ito, K. Kurokawa: A resource analysis on solar photovoltaic generation by a remote
sensing approach,, WCPEC-3, Osaka, May 11-18
(26) B KRB AT LOE K EZOARENE, KBOLEEFT R Y Y — 7 REEY RV Y L, EEF

TUAT Kurokawa Laboratory
48



X' AL List of Papers

Sy, 2003.5.24

@7) B WO T L2 0FFEDHI, 520 BIKBOERE S AT LY RP T A, 2003.7.1-3

(28) B KBERE L AT DO OITEME, 820 BIKGAERE S A7 LY AR YD A, 2008.7.1-3

(29) I, i, s, B ZET LA RRERBCEE S AT KIS LIZY I a b—va v Y — L OB,
ERFPRES) - TR X MRS, HOLER KT, 2003.8.6-8

(30) 5%5 2%(;528 g.E.ISE D HEMD ) RESEHR KGR E S AT A, ERERES) - XK, HULERE

¥, .8.6-

(381 mill, [, B RESERICBIT 5 BTB 2ub—7" 2> b u—7 OFEfENT, EX 728 - =3 ¥—
MRS, BULEME, 2003.8.6-8

(32) F B, B, =, PR, I T 2T e P RIANE OB, BRTFEEN - =L XF —EHMARE, B
BT, 2003.8.6-8

(33) M. Ito, K. Kato, K. Komoto, T. Kichimi, H. Sugihara, K. Kurokawa: An analysis of very Large-scale
tracking PV (VLS-PV) sysytems in the world deserts, 2nd Mogolian PV Conf., Ulaanbaatar, 2003.9.4-6

(34) A. Adiyabat, K. Kurokawa: An optimal design and use of solar home system in Mongolia, 2nd Mogolian
PV Conf., Ulaanbaatar, 2003.9.4-6

(35) K. Kurokawa: The State-of-art in Photovoltaic Research and Development, 2nd Mogolian PV Conf.,
Ulaanbaatar, 2003.9.4-6

(36) K. Komoto, K. Kato, K. Kurokawa: Scenario Study on Very Large Scale Photovoltaic (VLS-PV) Power
Generation System for the Sustainable Growth, 2nd Mogolian PV Conf., Ulaanbaatar, 2003.9.4-6

37 K. Kato, K. Otani, K. Komoto, M. Ito, K. Kurokawa, J. Song, D. Faiman, Peter van der Fleuten, L. Verhoef,
D. Collier and N. Enebish: Study on Very Large-Scale Photovoltaic Power Generation System on Deserts
Eg(t)gngdzdes Activity of TEA/PVPS Task 8 from 2003 to 2005 —2nd Mogolian PV Conf., Ulaanbaatar,

(38) K. Kato, K. Otani, K. Komoto, M. Ito and K. Kurokawa: Cost estimation of Very Large-Scale Photovoltaic
Power Generation System on World Deserts, 2nd Mogolian PV Conf., Ulaanbaatar, 2003.9.4-6

(39) M.Battushig, N.Enebish, M.Altanbagana, Ch.Lkhagvajav, K. Otani, K. Sakuta, K. Kurokawa,
A.Amarbayar: Performance monitoring of PV modules for VLS-PV systems in Gobi desert of Mongolia,
2nd Mogolian PV Conf., Ulaanbaatar, 2003.9.4-6

(40) A. Adiyabat, K. Kurokawa: Techno-economics analysis of PV /Wind/ Diesel Hybrid systems in Villages of
Mongolia, 2nd Mogolian PV Conf., Ulaanbaatar, 2003.9.4-6

(41) K. Kurokawa: Very Large-Scale PV (VLS-PV) System: Its background and concept, 2nd Mogolian PV
Conf., Ulaanbaatar, 2003.9.4-6

(42) T. Shimada, K. Kurokawa, T. Yoshioka : Grid-connected Photovoltaic System with Battery, STORE, Aix
en Provence, 2003.10.20-21

(43) M. Ito, T. Nishimura, K. Kurokawa: A Preliminary Study on Utilization of Desert with Agricultural
Development and Photovoltaic Technology - Potential of Very Large-scale Photovoltaic Power Generation
(VLS-PV) systems -,Desert Technology 7, 2003.11.9-14

(44) K. Kato, K. Otani, K. Komoto, M. Ito, K. Kurokawa, J. Song, D. Faiman, Peter van der Fleuten, L. Verhoef,
P.Menna, D. Collier, N. Enebish: ‘Energy from the Desert’ - Feasibility Study on Very Large-Scale
Photovoltaic Power Generation System on Desert Areas -, Desert Technology 7, 2003.11.9-14

(45) K. Sakakibara, M. Ito, K. Kurokawa: A Resource Analysis on Solar Photovoltaic Generation System on the
Gobi Desert by a Remote Sensing Approach, Desert Technology 7, 2003.11.9-14

(46) K. Kurokawa: Considerations on technological standardization in sloar photovoltaics, 1st Renewable
Energy Forum in North-East Asia, Nov. 10-11, 2003

47 KB, /MR, B, KRR EEMA X KELRE S AT LAOFMETEDRSE, ARKBZ LY —%%, 2]
T K%, 2003.11.6-7.

(48) NS, BN BEROERERLED V=7 — v 2 2 L— ¥ OFHER, BAKBTRLX—25, RFITERE,
2003.11.6-7.

(49) I, R, BN B N ERELE R A W2 P VA N — 2 BRI E O FARFE, A AR =R L ¥ —5
&, RBFITHERT, 2008.11.6-7.

(50) Bl . RO VT — « REBHIEE S AT &, NI RGEE, 2003.11.15.

(51) B 100 506 RTAH K S -Frox X — - WEGH & AR OME, PERDF LCAFEE & — @ il
JER~D LCA OHFii=7c &R, 2003.11.21.

(52) BJI 21 fhACAHE S =3 — - RPDEJEE, ATIA T hr =2 2 2004 4 1 7%, 2004.1

<2004 &>

(1) BN 21 PEACAE S =L — - KPEHE, AFIA 7 hr=2 % 2004 41 A%, 2004.1

(2 M. Tto, K. Kato, K. Komoto, T. Kichimi, H. Sugihara, K. Kurokawa: An Analysis of Very Large-Scale PV
g(/')%flf’;/% 3SOystems Using Amorphous Silicon Solar Cells in the Gobi Desert, PVSEC-14, Bangkok,

3 K. Sakakibara, M. Ito, K. Kurokawa: A Resource Analysis on Solar Photovoltaic Generation System in the
Gobi Desert by a Remote Sensing Approach, PVSEC-14, Bangkok, 2004.1.26-30

@) T. Oozeki, T. Izawa, H. Koizumi, K. Otani, K. Tsuzuku, T. Koike, K. Kurokawa: A Performance Evaluation
by Only One Monitoring Data Item for Citizens' PV House Project, PVSEC-14, Bangkok, 2004.1.26-30

(5) K. Takeuchi, T. Kaito,T. Mizuno, T. Oozeki, H. Koizumi and K. Kurokawa: Development of
g&g;la-lS;éaél(;Scaled-Down Network Simlator for Testing PV Inverter Functions, PVSEC-14, Bangkok,

6 H. Tada, K. Kurokawa, T. Uno, M.Takahashi, S. Yatabe: Reflection and Absorption Characteristics of
Electromagnetic Waves by PV Modules, PVSEC-14, Bangkok, 2004.1.26-30

(7) S. Kohraku, K. Kurokawa: A fundamental experiment for discrete-wavelength LED solar simulator,
PVSEC-14, Bangkok, 2004.1.26-30

(® N. Okada, M. Ichikawa, K. Kurokawa: Experiment and Evaluation of Loop Power Flow Control for
56%‘3“1})121‘203% System Adaptable to a Large Number of Distributed PV Systems, PVSEC-14, Bangkok,

(9 N. Kawasaki, T. Oozeki, K. Otani, K. Kurokawa: An Evaluation Method of the Fluctuation Characteristics

March 25, 2006
49



8th TUAT Photovoltaic Student Think-in

of Photovoltaic Systems by Using Frequency Analysis, PVSEC-14, Bangkok, 2004.1.26-30

(10 A. Adiyabat, K. Kurokawa: Photovoltaic Systems for Village Electrification in Mongolia: Techno-Economic
Analysis of Hybrid System in Rural Commnunity Centers, PVSEC-14, Bangkok, 2004.1.26-30

(11 T. Kaito, H. Koizumi, N. Goshima, M.Kawasaki, K. Kurokawa: Development of MPPT Algorithm for a
Digital Controlled PV Inverter, PVSEC-14, Bangkok, 2004.1.26-30

(12) H. Matsukawa, H. Koiumi, K. Kurokawa: A Thermal Analysis for Photovoltaic Systems at Short Time
Interval, PVSEC-14, Bangkok, 2004.1.26-30

(13 K. Kurokawa: Recent Advances in Solar PV System Engineering, PVSEC-14, Bangkok, 2004.1.26-30

(14) G. Yu, K. S. Lee, Y.S. Jung, J. So, J.H. Choi, K. Kim, K. Kurokawa: PVSEC-14, Bangkok, 2004.1.26-30

(15) g.z%térokawai The state-of-art of photovoltaics in Asia, 3rd PVTEC Asia Seminar, Kasumigaseki Bldg. Feb.

. 2004.
(16) I PVERREOSmME, JPEAGE HERE], No.27, 2004.3.
a7 ;H%)O %JII :Sﬁéﬁiﬁﬂiiﬂl L2 KB AFEEY AT LOHRNEEOHE, BRF2REKRSE, HWLWFERKAT,
4.3.17-3.1

(18) I b, BN, =2, PR N 7 = 7 v T A OB, BERUESEE RS, FILFEBRE AT, 2004.3.17-3.19

(19) B KRB AT LOFRE, Seiha i £, 2004.2.81F

(20) I A, 4, B ZE7 VA REREERE S AT MG LT I ab—a v - Y — L OB,
BWRFE B 5K, Vol.124, No.3, pp.447-454, 2004.3

(21) %{ ngr%lB%\Zai The state-of-art of photovoltaics in Asia, 3rd PVTEC Asia Seminar, Kasumigaseki Bldg.

eb. 9,

(22) A PVERFEOTTAME, JPEAFE DEFEE], No.27, 2004.3, p.26-35

(23) B RO LT — « KGR BES AT LA, v~ Azr R -2 —, B, 2004.4.23.

(24) %((.)OKurokawai State-of-art in PV research and development, INRST Seminar, Borji Cedria, Tunis, 4 May

4.

(25) K. Kurokawa: Future target and recent advances in solar PV system engineering, 1st AIST RC-PV
Workshop, 12 May 2004.

(26) K. Kurokawa: Future target and recent advances in solar PV system engineering, —ZE & Tl F T.H+& I
7F—, 14 May 2004.

@7 H. Koizumi, K. Kurokawa, S. Mori: Analysis of Class D inverter with irregular driving patterns, IEEE
International Symposium on Circuits and Systems 2004 (ISCAS 2004), Vancouver, Canada, 2004.5

(28) K. Kurokawa: PV in Tunisian Sahara, IEA PVPS Task 8 expert meeting, Paris, 6 June 2004

(29) K. Kurokawa, F. Aratani: Perceived technical issues accompanying large PV development and Japanese
"PV2030" 19th EU-PVSEC, Paris, 2004.6.7-11

(30 T. Oozeki, H. Koizumi, K. Otani, and K. Kurokawa: IDENTIFING OPERATION STATUSES OF GRID

CONNECTED PV SYSTEMS WITH BATTERIES UNDER LIMITED DATA ITEMS - APPLYING THE
SV METHOD TO EVALUATE GRID CONNECTED PV SYSTEMS WITH BATTERIES", 19t EU-PVSEC,
Paris, 2004.6.7-11

(31) M. Ito, K. Kato, K. Komoto, T. Kichimi, H. Sugihara, K. Kurokawa : COMPARATIVE STUDY OF FIXED
AND TRACKING SYSTEM OF VERY LARGE-SCALE PV (VLS-PV) SYSTEMS IN THE WORLD
DESERTS, 19th EU-PVSEC, Paris, France, 2004.6.7-11

(32) BN F v A CEHEIAD 30 4 BB E A B ORIBL, 5 21 BIKBEHEE S AT L VR T L,
HAx—/l, 2004.6.16~18

(33) K. Kurokawa: PV in Tunisian Sahara, JBIC-Tunisia Seminar, Tokyo, 14 July 2004.

(34) BN KBBENREL AT A — SBOFGFAME, BB ARG AL E ) —, 2004.7.29.

(35) H. Koizumi, K. Kurokawa: Analysis of Class DE inverter with thinned-out driving patterns, 35th IEEE
Power Electronics Specialists Conference 2004 (PESC 2004), Aachen, Germany, 2004.6

(36) i, fi)ll, BJIl:BTB X—7ar bo—7 LHEHRAT U AOK, EXFRE) - =3 F—# ks,
AR R, 2004.8.5-7

(37 T, KK REBEM D OEMHE, EXFRE] - =X —HMRE, A ERBRY, 2004.85-7

(38 FAE, KK KGR EV AT LAY —ar T v a T OBRERENE, BRFRET) - = XX
=, HRRT, 2004.8.5-7

(39) KBH, HE, #H, K&, B KEERES AT LOFMMIZET 5 AR EOHEFIE, EXFEE] - =%
X —EPRE, ANEKRY, 2004.8.5-7

(40) W, KRBY, B, R, Aok, B, BEH, R SPERACREOLEE S AT LAEFFRICBIT 5 AT
LEEEMERR OWEFMFE, BRAFEE - =X —HM R, 4 EKRT, 2004.8.5-7

(41) i)l [, B BTBAL—7 3 ha—F LlENRTRHENT v ADY I ab—vay, BRFERET -
TR F—EHRE, A ERKT, 2004.8.5-7

(42) ZH, B, FI, &fF, A KEEEM OSBRI - WP 2%, EXFRES) - = x0F
—EMRE, AHEKY, 2004.8.5-7

(43) RH, KB, B, s FEHKEEEE S AT AORMERFEOFMIZET 509, EXRFaE - =
X —EHRE, AEKY, 2004.8.5-7

(44) le(lﬂ%} 310%5 Sjgﬁ’;\ B K ES AT LABFHEOFE, BRFRES) - =X LF MRS, 4HE

£ 4.8.5-

(45) K. Kurokawa: 100 year sustainability scenario in solar photovoltaic, Workshop on Sustainability and
Survival Paths over 100 years, Denver, Aug. 29, 2004

(46) K. Kurokawa: Energy from the Desert, WREC-8. Denver, PV064, Aug. 30-Sept. 3, 2004

47 A. Adiyabat, K. Kurokawa, K. Otani, N. Enebish,G. Batsukh, M. Battushig, D. Ochirvaani, B. Ganbat:

EVALUATION OF SOLAR ENERGY POTENTIAL AND PV MODULE PERFORMANCE IN THE GOBI
DESERT OF MONGOLIA, 8% WREC, Denver, 2004.8.26-9.3

(48) M. Ito, K. Kato, T. Kichimi, H. Sugihara, K. Kurokawa : Comparative Study on Potential of Very
Large-Scale PV Systems (VLS-PV) in the Gobi and Sahara Desert, 8th WREP, Denver, 2004.8.26-9.3

(49) Ay, ZE)I, B ZEARKBGEMRICE T HEEREELO IV FMEOSBEEOKRE, ISHBETS,
2004.09.01-04

(50 %Jll : Future target and recent advances in solar PV system engineering, & L& RNV A FTF 27 /nm

Y— -k IJF—, 2004.9.10

TUAT Kurokawa Laboratory
50



(51)
(52)
(53)

(54)
(55)
(56)
(567
(58)
(59)
(60)
(61)

<2005 %>

(1
(2
3
(4)
()

(6)
(7

®
9

(10)

(11
(12)

(13)
(14)

(15)

(16)
am O

(18) O
(19) O
(20)

(21) O

(22) O

X' AL List of Papers

g, &G T8, R, Bl KEGEE Y 2 — W XA BT U X VIR O KRR, BT IEHREE T
2 a6, Vol.J87-B, No.9, 2004.9

B 2 T HANEO DO KBIIETE, H3MIILL AR T T L [RGB ~OWR), L,
2004.10.12

M. Ito, T. Nishimura, K. Kurokawa: A preliminary study on utilization of desert with agricultural
development and photovoltaic technology potential of vry large -scale photovoltaic power generation
(VLS-PV) systems, Journal of Arid Land Studies (H ARVDIZ2EEE [VEHFSE] ), Vol.14S, October 2004
I, B KB R HE S = — L ORI FIRR IS 38 1T 2 IR R EARYT, A ARG R ¥ —%2 JLIUNFE
AT, 2004.11

T, fea Ak, B BRI EE Y 2 — /LD > AT MRS, AAKE T RLXF—%2, dbul
WHIEEE A, 2004.11

i, KBS, B, BGHE, Aok, A, #iH, IR KRB AT MBI 57 L A A OHEE FIE,
HAKRGT L —2¢%, JLIUNRFZEEREER T, 2004.11

i, B BEERIEIEIC LD KGR ES AT 2O HE TR, BAKEGT 2 LXF—52, AWIUNFEFEAR T,
2004. 11

), BRI S KBEEMICBIT AEEEZ LD IV RS EEEOKR, BAKGTRLF—3%2,
JEFUNBFFEZE R AR T, 2004.11

JIleE, RBE, R4, bkt B, vl B KRR E S A7 LAZ8ERMEHIE OIS, A AR 1 /L¥
—%2, ALIUNFZEAE#S T, 2004.11

H. Koizumi, K. Kurokawa: Analysis of Class E inverter with switch-voltage elimination, The 30th Annual
Conference of the IEEE Industrial Electronics Society IECON 2004), Busan, Korea, 2004.11

KB, I, #58, R, B KGR EICB T 2507 — % o mER2W ik, K=/ ¥—, Vol.30,No.6,
ppd7-55, 2004.11

KB, ¥, &3, K&, B, TREARES AT AOFAMIZEE T 2 B ROHEE HIE], BRFEHGE
B, ppll8-126, 125 % 1%, 2005.1
K. Kurokawa: PHOTOVOLTAIC TECHNOLOGY DIRECTION - JAPANESE "PV2030", 31st IEEE PVSC,
Orland, Florida, 2005.1.3-7
H. Matsukawa, K. Kurokawa: Temperature Fluctuation Analysis of Photovoltaic Modules at Short Time
Interval, 315t IEEE PVSC, Orland, Florida, 2005.1.3-7
T. Oozeki, K. Otani, and K. Kurokawa, "Accuracy of estimated shading loss ratio by means of the SV
method ~ An extraction algorithm of maximum pattern ~, 31st IEEE PVSC, Orland, Florida, 2005.1.3-7
M. Ito, K. Kato, K. Komoto, T. Kichimi, K. Kurokawa: Analysis of transmission losses of Very
Large-Scale Photovoltaic power generation systems (VLS-PV) in world desert, 31t IEEE PVSC, Orland,
Florida, 2005.1.3-7
gldoég?r??%hi, S. Suenaga:Electromagnetic Noise from Solar Cells, 31st IEEE PVSC, Orland, Florida,
Y. Ueda, T. Oozeki, K. Kurokawa, T. Itou, K. Kitamura, Y. Miyamoto, M. Yokota, H. Sugihara, S.
Nishikawa: ANALYTICAL RESULTS OF OUTPUT RESTRICTION DUE TO THE VOLTAGE
INCREASING OF POWER DISTRIBUTION LINE IN GRID-CONNECTED CLUSTERED PV
SYSTEMS, 31st IEEE PVSC, Orland, Florida, 2005.1.3-7
S.Jke, K.Kurokawa: Photogrammetric Estimation of Shading Impacts on Photovoltaic Systems, 31st
IEEE PVSC, Orland, Florida, 2005.1.3-7
K. Sakakibara, M. Ito, K. Kurokawa: RESULTS OF PV RESOURCE SURVEY FOR WORLD 6
12)(%85]31R?;I‘§ BY A MODIFIED REMOTE SENSING APPROACH, 31st IEEE PVSC, Orland, Florida,
H. TADA, K. KUROKAWA, T. UNO, M. TAKAHASHI, Satoru YATABE, T. ARIMA: DEVELOPMENT OF
%Y VEAVS“‘O%??%)%BING PV MODULE BY REARRANGING SOLAR CELLS, 31st IEEE PVSC, Orland,
orida, .1.3-
Y. Tsuno, Y. Hishikawa, K. Kurokawa: SEPARATION OF THE I-V CURVE OF EACH COMPONENT
CELL OF MULTI-JUNCTION SOLAR CELLS, 31st IEEE PVSC, Orland, Florida, 2005.1.3-7
K. Kurokawa: PHOTOVOLTAIC TECHNOLOGY DIRECTION TOWARD JAPANESE "PV2030", 1st
JSPS Workshop on the Future Direction of Photovoltaics, Aogaku-Kaikan, Tokyo, 3-4 March 2005
FAA o BOMGEERR, 1L IRER I O Bl A RISV T, ERTFRAE RS, MERY, 2005.3.17-19
To}olg ?;EJIEE ,1§%J|| : BTB ;U LPC 73R4 % X OFei: & flii G #HEEIEORGE, ERFREERE, MRS,
W, BRI, R BRSO SREE Y I 2 L — 3 VBT, BRATAEEEKRS, MR RT, 2005.3.17-19
oE, KBEE, SR, i 5 EIETRE 2 VIR R G, AR EE RS, R, 2005.3.17-19
N. Okada, H. Kobayashi, T. Ishikawa, K. Takigawa, K. Kurokawa : Simulation of isolated
operation in fault condition by loop power flow controller, Control Engineering Practice, ... g7
pp1537-1543, Vol.13, 2005.3

W H, B BufERIC L D0 —7 2> he—J Ofill R OREE, BEXTFEmGE B,
pp381-389, Vol.125, No4, 2005.4 e 64
[, B)1]:6.6kV-100kVA BTB 2L — 7 21 > b o —F OHlfHERER, B 72 #H 03k B, pp390-398,
Vol.125, No4, 2005.4 -+ 73

?Ji%lé;i(%ﬁ‘l’:%’%%@%&ﬁﬁk FRE, KB XAX—52TROFIZ] YR U T A, BHGTHE

K

BAT, 2005.5.4

H. Koizumi, K. Kurokawa, S. Mori: Thinned-out controlled Class D inverter with delta-sigma
modulated 1-bit driving pulses, IEEE International Symposium on Circuits and Systems 2005 ... gy
(ISCAS 2005), pp. 1322-1325, Kobe, Japan, 2005.5.23-26

SN AR PRURIE I v AT LSRN EBASE, B AR AR RE S AT LS ENT S
BRABRY—2 v a v, @7 ) v AKT L, 2005.5.25 e 86

March 25, 2006
51



8th TUAT Photovoltaic Student Think-in

(23) OK. Kurokawa, S. Wakao, Y. Hayashi, I. Ishii, K. Otani, M. Yamaguchi, T. Ishii, Y. Ono : CONCEPTUAL
STUDY ON AUTONOMY-ENHANCED PV CLUSTERS FOR URBAN COMMUNITY TO MEET THE ... 99
JAPANESE PV2030 REQUIREMENTS, 20th EU-PVSEC, Barcelona, 2005.6.6-10

(24) OT. Oozeki, K. Otani, K. Kurokawa: AN ACCURACY OF THE SV METHOD FOR EVALUATED
SHADING LOSSES ~ COMPARED WITH RESULTS USING THE FISH-EYE-PHOTOGRAM " 23
METHOD ~, 20th EU-PVSEC, Barcelona, 2005.6.6-10

(25) OM. Ito, K. Kato, K. Komoto, T. Kichimi, K. Kurokawa: COMPARATIVE STUDY OF M-SI, A-SI
AND CDTE SYSTEM OF VERY LARGE-SCALE PV (VLS-PV) SYSTEMS IN DESERT, 20t ... 99
EU-PVSEC, Barcelona, 2005.6.6-10

(26) O H. Igarashil, 8. Suenaga, K. Kurokawa : CHARACTERISTICS OF THE 103
ELECTROMAGNETIC ENVIRONMENTS OF POWER CONDITIONERS FOR PV
GENERATING SYSTEMS, 20t EU-PVSEC, Barcelona, 2005.6.6-10

@7 OJd. Tsutsui, K. Kurokawa : The Comparison of System Performance Measuring Multiple
Modules, 20th EU-PVSEC, Barcelona, 2005.6.6-10 -++106

(28) QY. Ueda, T. Oozeki, K. Kurokawa, T. Itou, K. Kitamura, Y. Miyamoto, M. Yokota, H. Sugihara,
S. Nishikawa: DETAILED PERFORMANCE ANALYSES RESULTS OF GRID-CONNECTED ...q1q
CLUSTERED PV SYSTEMS IN JAPAN -FIRST 200 SYSTEMS RESULTS OF
DEMONSTRATIVE RESEARCH ON CLUSTERED PV SYSTEMS, 20t EU-PVSEC,
Barcelona, 2005.6.6-10

(29) ON. Kawasaki, T. Oozeki, K. Otani, K. Kitamura, H. Sugihara, S. Nishikawa, K. Kurokawa:
IMPACT STATEMENT OF DISTRIBUTION NETWORK BY FLUCTUATION OF PV ...114
SYSTEM OUTPUT BY USING FREQUENCY ANALYSIS, 20t EU-PVSEC, Barcelona,

2005.6.6-10
(30) OS. Taguchi, K. Kurokawa: PV Resource Survey for Urban Areas by means of Aerial
Photographs, 20th EU-PVSEC, Barcelona, 2005.6.6-10 118

(31) OK. Hayashi, T. Shimada, H. Koizumi, Y. Ohashi, K. Kurokawa : A Novel Cascaded PV Inverter
ggoggilézligg Ready-Made ICs for Digital Audio Amplifier, 20t EU-PVSEC, Barcelona, ---122
(32) OY. Nakamura, H. Koizumi, K. Kurokawa: Performance Assessment with Different Inductance ... 126
%%d;% i6n1%he Ultra Scaled-Down Distribution Grid Simulator, 20t EU-PVSEC, Barcelona,
(33) OA. Amarbayar, 2R« 2 EWEHUEBIRE O OGHTET L OEE~Z XL X—&R 70—
SN~ B 24 Al ROV — « FIRARIERE RS, B MNA T IL, 2005.6.9~10 ---130
(34) OA. Amarbayar, £)I358) : = ERPEHUBPSE O 58T 7 VRS « BIHIFRA I K 2k 27 L0
o3BT, 6l EERBBERRFRE, CEORFEME S v > /73X, 2005.6.11 .- 134
(35) OH. Koizumi, K. Kurokawa: A novel maximum power point tracking method for PV module
integrated converter, 36th IEEE Power Electronics Specialists Conference 2005 (PESC 2005), ... 138
pp. 2081-2086, Recife, Brasil, 2005.6.12-16
(36) ORI« KL FEL AT LRI O, & 22 BIKBLFEE S AT LA VARV T L, FHR

—/b, p.2-21~37, 2005.6.15-17 o144
B1 OT <Y, B E Ly DB DMK E S AT D EIFTEO T — & gk - & A

7 L, KETf/L ¥ —%2, pp83-88, vol.31, No4, 2005.7 -++157
(38) KB, e, R, #88, A, BJI: 27 AHAEHEOHOFHICRIT 2 KGR ES AT

LDOFHMFIEICE T 20198, ERFERET - =X —EA RS, KIRKKE, 2005.8.10-12

(39 OFAJal, KF, g, BN FHEEA R OB K 5 HAELD) ILIEE~OR B O T, BXY ...163
DB - TR FXF MRS, KK, 2005.8.10-12

(40) A, KB, B, Gk, duRr, B, BiH, R RRERBKEERE S AT AT 5
Mz L2 REEHRILOERLTE, BERFRE) - =3V X MRS, KKK, 2005.8.10-12

(41) OJIgE, KB, K&, dbk, B, @I, B BN 255 Lz K5 BAS RO 0T,

BRAFRE - TRV F—EIRS, KK, 2005.8.10-12 0165
(42) OK. Kurokawa : Mass Production Scale of PV Modules and Components in 2030s and beyond,
15th PVSEC, Shanghai, China, 2005.10.10-15 -+ 167

(43) OA. Adiyabat, K. Kurokawa, K. Otani, N.Enebish, G.Batsukh, M. Battushig, D.Ochirvaani,
B.Ganbat, D.Otgonbayar : PV Module Performance in the Ulaanbaatar of Mongolia, 15% ...7170
PVSEC, Shanghai, China, 2005.10.10-15

(44) OH. Igarashi, S. Suenaga, T. Sato, K. Kurokawa : About the Influence on the Islanding Detection

Device by the Difference in the Motor Load, 15t PVSEC, Shanghai, China, 2005.10.10-15 o172
(45) QY. Ueda, T. Oozeki, K. Kurokawa, T. Itou, K. Kitamura, Y. Miyamoto, M. Yokota, H. Sugihara,
S. Nishikawa : Advanced analysis of shading effect using minutely based measured data for PV ---174
systems, 15t PVSEC, Shanghai, China, 2005.10.10-15
(46) OK. Lee, K. Kurokawa : Study on D-UPFC in the clustered PV System with Grid, 15t PVSEC, ...176

Shanghai, China, 2005.10.10-15
(@) ON. Kawasaki, T. Oozeki, K. Otani, K. Kitamura, H. Sugihara, S. Nishikawa, K. Kurokawa : An

Evaluation Method of Area-dependency Equalization of Output Fluctuation from Distributed 178
PV System by Using Frequency Analysis, 15t PVSEC, Shanghai, China, 2005.10.10-15
(48) QY. Tsuno, Y. Hishikawa, K. Kurokawa: Temperature and Irradiance Dependence of the I-V
Curves of Various kinds of Solar Cells, 15th PVSEC, Shanghai, China, 2005.10.10-15 -+-181
(49) OK. Hayashi, T. Shimada, H. Koizumi, Y. Ohashi, K. Kurokawa : A New Grid-Connected Inverter
lz)%ogtil(i)zilég I;eady-Made PWM ICs for Audio Power Amplifier, 15t PVSEC, Shanghai, China, ... 183
.10.10-1
(50 Od. Yokkaichi, T. Oozeki, K. Kurokawa : Irradiation Monitoring from Sunshine Hours given by
JapaneseMeteorological Observation Network, 15th PVSEC, Shanghai, China, 2005.10.10-15 -++185
(51) OK. Hirata, K. Kurokawa, Y. Miyake, T. Kato, K. Nakamura : Development of a Reliable, Long
56%5 fgrlaon(igleter Compsed of Multiple photo sensors, 15th PVSEC, Shanghai, China, ---187
(62)  ORiM, KB, Bl : KBBEILE Y 2 — A AR DRAME L ARHT, AAKB=RLE—%2 - oo

TUAT Kurokawa Laboratory
52



X' AL List of Papers

AARES) =3 =G RFRRES, R REER RS, 2005.10.20-21

(53) OJlgs, KB, K4, bR, &, v, E)ll Ny E /XTAW@JEFEF E(?Tﬁiﬂi N%J\ﬁf"
EAMOMA~, HAKBT R LF—F2 - AR TR F— {2 it AR HUCER
F K%, 2005.10.20-21

(54) Oz, B2l A Proposal of D-UPFC as a Voltage Controller in the Distribution System, H <K
TARAF—F5 - HRR )= ¥F— e JerRey, WEFRAHEAIRY, 2005.10.20-21

(55) owm, #JI: W*%?%fﬁb\f’jﬁ%ﬁ%ﬁ /ZTA%J\T’FTES;OD?E/E (E%E’fﬁ@m L BRI
BIFDHEF), BAKRB=RLF %2 - HRR) =X VF—a JRRE, Wk AR
K%, 2005.10.20-21

(56) Ouety, ZE)1l, B IR 2 72 SRR M IV FrE IR - BRESHIED, AKXV
¥y o AR TR R A RN RES, WHATEARE, 2005.10.20- 21

(57 O HT, KB, B : i&fﬁ %%%Jﬁ L7z A EHEEIEOMIET L, AARKB= X L¥—F2 - HAR
AT R L F — JERRE, WRHEAERIRY, 2005.10.20-21

(58) OH. Koizumi, K. Kurokawa A novel maximum power point tracking method for PV module
integrated converter using square root functions, 31th IEEE Industrial Electronics Society
(IECON 2005), NC, USA, pp2511-2516, 2005.11.6-11

(59) I KBOERBD = h E» %%?éﬁiti*ﬁ 5 BRI S, TP R, 2005.11.10

(60) OB« 21 kD RGEFEEO AN, KT = 78 L — g s HERGHE S, 2005.11.22

(61) OXRE, Hs, K, B /XTAtHjJ BEDHDFHIN T D RKBEDEFE S AT L OFHM 15
BT B, BRSPS CEE B, ppl299-1307, Vol.125, Nol2, 2005.12

(62) O, KB, FHig, Aok, B, B, 2R, B RHERTKEEHE S AT HI2B1T 517
HURIIC & 2 R R RO E L T, BAF Sk B, ppl1317-1326, Vol.125, Nol2, 2005.12

<2006 &>

6] OK. Kurokawa : Photovoltaic technology direction - Japanese "PV2030", KIER-TUAT dJoint
Seminar, Taejon, Korea, 2006.3.8

O : FEFH SR Y 12388

OHID DWW TRV S BIFREFR— L= 0 THBIFTFT—F =] b X yora— NTEET,
URL : http://pv.ei.tuat.ac.jp/database/database_main.htm

-+193

-+ 197

-+201

-+205

-+209

--213

++219

-+ 221

-+230

-+240

March 25, 2006

53



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
54



RIEE BMRE

F 25w Al AlY [2005 £ ~2006 £F]

X RWXEORYKRWICET LHEE

A SCEITHFZE H B> A 2R 2 HA9E LTI L T ET, B#i STV D OE/EHET
FFERIHY T, 5, BHEIEFROEEEREICE> T ESW, ERRERLAOFER I
THEULEEFICOWTORMIIFHEARAANCH Y £7°,

(IEEE BE:&E Dfm 3k 2 1 E)
Personal use of this material is permitted. However, permission to reprint/republish this material for
advertising or promotional purposes or for creating new collective works for resale or redistribution to servers or
lists or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
56



FERIAIRIY Papers

March 25, 2006
57



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
58



FERIAIRIY Papers

March 25, 2006
59



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
60



FERIAIRIY Papers

March 25, 2006
61



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
62



FERIAIRIY Papers

March 25, 2006
63



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
64



FERIAIRIY Papers

March 25, 2006
65



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
66



FERIAIRIY Papers

March 25, 2006
67



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
68



FERIAIRIY Papers

March 25, 2006
69



8th TUAT Photovoltaic Student Think-in

1.0

" Pilpciogy.case DY ¢
POpcro 2111, case O1

05

W A, ooy

0.0

Power of LPC [pu]

05
(Poase=TMW)
1.0

0 6 12 18 24 30 36 42 48 54 60 66 72
Time [h]
1.0

Qupcyp.case D1+
Q% perc(h. case OF

05

00 ‘M«MWWW

-0.5

Reactive power of LPC [pu]

(Qyase=1MVar)

0 h
0 6 12 18 24 30 36 42 48 54 60 66 72
Time [h]

X 10 #RESHKOR/IME & I BT %
LPC Ol s
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Fig.11. Power flow control operation of LPC for

optimum voltage control and distributed control.

X 11

ZHEL, + Ot 37 HENC 383 % Precio 21 £ Qrecio D
BERET, Thbld, ERICKS—BLTVWBT LD,
W R IME T % LPC Ol EdfEE, 1)~
(6) TR LIz EEHR TEUNTETWA T E2RT,

(5:4) BENZ—VOFICHTHEEDLLR Al
Tld, REFE TR REE RO DEEHIED, PV 2R
T LOMRIC KB Al 32—V DZELcH L, wEyncifE
THILERT,

7—AD1 £7—ZAD337—X 01 &7 —2R 03 Dl
% LPC B){F ik & BmEED B i/ — Feik 2 W THIE 6
BERELTWS, £T T, 7—A DI & D3 OiiliEfkE
T 11 PV 2 27 LWSHiFR 9 % 7180l r — A
D2 & D4 Z il r — 2 02 & 04 L Lti#gd %,

[X 12 &30 r — 2 D2 L sk 2 kvIMEd % i
I —Z 02 DBEZRT, W REBERZRL, +
DL F 3 EHE OB 2ET,

Wi 12 RO B2 LT 5 &, 70 I Eh F (3 i )
{EIC LR Prpcio 2 METFNE R E>oTWVS, F
Tz, /—F10ICEAT 28N Qrpcio AP LTV,
Chid, ENHROAMICHL, PV ¥ AT L0l %
M1 THRCTENBELTVS, DD, FHhREERZHE
GplO IR quo &, PV VAT LOEROEWVIKE (F—2A
O1) IEBIBARNBICEIERELTVAIY, TORFk
BTEEL TW5 LPC (&, BED LA Ui O s
B/HOTEAR (BREOMMENARNCHY) ZHH1T 5
WEL BB LEXBTENTES,

B 13 (E BRIV B 5 BN & st G (ML) R
BRI DL RT, WA RELEEORIERL, +
GBI EOEIK B2 KT, K 12 ORI 12 1B
% LPC OEEDOFE T OB K D, K% 12 BEOFRERIEK



FEH/XAIRIY Papers

1.0 r

¥ Pipciopy case D2+
/‘;., PoLPClO!I(“ “‘902 Lo
- RN
§, 05 V; \ a q‘ [ )l
/ L SN A
g 0.0 ereedt e’ M“»...‘ Lo gt
3 o
Z -0.5
(Poase=1MW)
-1.0
0 6 12 18 24 30 36 42 48 54 60 66 72
Time [h]
= o case D2+
2 Q Lp(no(‘? case 02 -
g 05
5 T e i TR PRI s
g 00 o errert?
o
5 05
(Quage=1MVar)

1.0
0 6 12 18 24 30 36 42 48 54 60 66 72
Time [h]

K12 PV Y AT L#REFOMERAKDORIML L
TN 3503 5 LPC OAFiHIE S D g
Fig. 12. Comparison with minimum loss control and

distributed control for PV system connection.

0.04

o
o
£=)
o

Total line loss [pu]
o
8

001 P /

0.00

0 6 12 18 24 30 36 42 48 54 60 66 72
Time [h]

FERIRK DRVIME & I BT %
PHERRK O LI

Fig. 13.  Comparison of total line loss with minimum

loss control and distributed control.

X 13

ICHNREVAECTVER, ThEDMEIERITNE L,
i, DEEIEOr—A D4 &Rl (MV) Or—2
04 (CB1F 5% LPC BIfFD L2 X 14 1T7RY
B 12 ROBFRLEET 5 &, K12 LR, V-7
WAL Ppcio 21 (QEROEZBIFICLEND LA L, SNENIE
ARYEOMHNENOEAR GEEMEORINENARNCHEY)

Al LT TN L TV H, ThbsOBEidt
ﬁ—ﬁlbfb ‘60
1513, RN ZEHERT 5 L THEOBA S

&% /—F 6 DIRFEMREERE VL DL#ERT, r—2A
D4 Lr—RA041FE—HLTWV3,

RERFEIC K O RE Uz oo, pv >
AT LO#ERAZE LAR 2 —OZIcHL, Y]
THEBENTA B T EDbh oz, E56IC, 1 oI
BREICE DD DET 3 V=XV HOARIZ—VICHT %

H#EAMTA BT MG, TIEFEER A OREMDNI LI,
RMRADNKIBCEBENBZRORTAEIVEEX B,

388

1.0

Plpc1o ) case D4
P PO, pr0 2100, Case O8 e
o e\
L e ;~"’-‘;.*
Ol £
P 4 \ Ry / LW aaas 4
§ 00 Basd """\',»..A.i N el \‘M
2 0.5
(Poase=1MW)
-1.0
0 6 12 18 24 30 36 42 48 54 60 66 72
Time [h]
_ L case D4
- @odropoeDs ©
g 05
-
i )
0.0 ~ A A ot
§ \v“ "\'..{”\4' “. ,‘ .“l .‘h.‘,‘ "
@ H 7 4 7
§ 1 & v
-0.5 {4 o
b3
[ 4 (Qpage=1MVar)
-1.0 b
0 6 12 18 24 30 36 42 48 54 60 66 72

Time [h]

X 14 PV Y27 LR K OMEERZE —RORME

& RURIENC 354 % LPC O e o g
Fig. 14.  Comparison with optimum voltage control and
distributed control for PV system connection.

E b VLo,“;::::g.‘ ..........
§ 106

105
3 o ] TN ]
1 103

102

101

0 6 12 18 24 30 36 42 48 54 60 66 72
Time [h]

15 HHEE RORIME &L SHHEIC 50 %
B/ — F 6 OIS EE g

Fig. 15. Comparison of voltage with optimum voltage

control and distributed control.

6. ¥ & &

AL T, CNETICHEZIT> TEAMRMNHRIC K
B =Tl - EHEOHE A2 X L, HlEsKOL
A REZ R LTz,

A RZRINCT D56, WYV RO ED L
BB, TIT, RENLEE S Z—2h 5Kl LPC
DIEI SR — 272 Kb B it it 5 & Feit Ml H
BbehERBOREEZRE LT,

SIS FUF B FIERECR BYNCIREST A L T, 14
OFEFRBICE DD 5T 3 =XV OARIIRZ—IC
MY BHEIMTAS L&KL, EBIC, PV VAT L
DY RR2RE LT A 2 —  OZAEICH L, il
YL HIEBIEAMTA A C LRGN LT,

& O

AW, (W) B REFZERTE EREM RO —# & L
TEMELIELDTH S, MADEMCY/e->T, HBLX
BEVIIEN Y AT LA AR HRER S A7 LA
PRIEREY) — % —, [U</HER EFHER, TER

"

|IEEJ Trans. PE, Vol.125, No.4, 2005

March 25, 2006

71



8th TUAT Photovoltaic Student Think-in

VAT LR OB LE T,
CFRE 16 4 4 A 19 B3Z{Y, P16 4E 11 A 15 BE3AY)

N

(1)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

an

T MBS AT I ), AU 245 W1 T (1996-10)
T. Ishikawa and Y. Imai: “Outline of Islanding Detection Tech
IEE Japan, Vol.116-B, No.5, pp.521-524 (1996-5) (in Japanese)
FIEK « A HREA TR O WAL AR K OB R B ),
W76 B, 116, 5, pp.521-524 (1996-5)

H. Taniguchi: “Dispersed Gi and Power System Control”, 7. IEE
Japan, Vol.121-B, No.9, pp.1065-1068 (2001-9) (in Japanese)

BERAA * TN & W RMEOTNER ), 1L 7 B, 121, 9, pp.1065-
1068 (2001-9)

J. Kim, H. Kita, T. Tezuka, and Y. Nishikawa: “Method of Determining
the Introduction Limits of Dispersed Generation Systems in a Distribution
System from a Viewpoint of Voltage Regulation”, . IEE Japan, Vol.116-B,
No.12, pp.1461-1469 (1996-12) (in Japanese)

& ST TR 1)) TSRO RS S
SRSV RO A BRI R, L7 B, 116, 12, pp.1461-1469
(1996-12)

N. Okada and T. Ishikawa: “The distinctive f of the grid cc
PV systems”, The Papers of Technical Meeting on Frontier Technology and
Engineering, IEE Japan, FTE-00-6, pp.37-42 (2000-3) (in Japanese)
Ferfish « £l 58 TACTEFRMD 6 I fe KRETREW >~ A 7 LDl
AR ), ACE M T3V A — « BIBIWHY, FTE-00-6, pp.37-42
(2000-3)

T. Ishikawa, K. Kurokawa, N. Okada, and K. Takigawa, “Evaluation of oper-
ation characteristics in multiple interconnection of PV systems”, Solar En-
ergy Materials & Solar Cells, Vol.75, pp.529-536 (2003-2)

S. Naka, S. Toune, T. Genji, T. Yura, S. Takayama, and Y. Fukuyama: “Op-
timal Setting for Control Equipment Considering Interconnection of Dis-
tributed Generators™, 7. [EE Japan, Vol.120-B, No. 12, pp.1558-1565 (2000~
12) (in Japanese)

R« MM K o JCHY A e c OB « LA o LR
(o3 ICAETROD MR A 4 18 U 7 W )0 BR 48 0D Sl 6 32 DG ), ¥
i B, 120, 12, pp.1558-1565 (2000-12)

A. Fukutome: “Optimal Switching Problem in Distribution Systems”, 7.
ISCIE Japan, Vol.22, No.9, pp.569-576 (1978-9) (in Japanese)

HR W TECRAIC B0 B UE P AR GG ), AT L)
1, 22, 9, pp.569-576 (1978-9)

K. Nam, Y. Hayashi, and K. Nara: “An Approximate Solution Algorithm for
Load Balancing of Distribution Systems Taking Discreteness of Load Incre-
ment into Account”, T. JEE Japan, Vol.118-B, No.9, pp.983-989 (1998-9)
(in Japanese)

R MK 8RN« AR ¢ TR ORI 2 % 18 U T ACRRAR
FU12 85 2 A ORI ), W2FR B, 118, 9, pp.983-989 (1998-9)
N. Okada: “Control of Loop Distribution Network and Result”, The Papers
of Technical Meeting on Power Systems Engineering, IEE Japan, PSE-00-2,
pp.7-12 (2000-1) (in Japanese)

[EATE) & DL —"TRCEFAO MG & Rh 4 ), WA 20 ) FAfL i
L, PSE-00-2, pp.7-12 (2000-1)

N. Okada: “Autonomous Loop Power Flow Control for Distribution Sys-
tem”, 7th International Conference on AC and DC Power Transmission, 1EE,
No.485, pp.150-155 (2001)

logy", T

(12)

(13)

(14)

(15)
(16)
(17)

(18)

(19)
(20)

(€1))

[ =

&

N. Okada and S. Uemura: “Basic study on installation and control method
for loop power flow controller in distribution system”, The 14th Conference
of the Electric Power Supply Industry, pp.46-51 (2002)

N. Okada, H. Kobayashi, K. Takigawa, M. Ichikawa, and K. Kurokawa:
“Loop Power Flow Control and Voltage Characteristics of Distribution Sys-
tem for Distributed Generation Including PV System”, WCPEC-3, Proceed-
ing CD (2003-5)

N. Okada, M. Ichikawa, and K. Kurokawa: “Experiment and Evaluation of
Loop Power Flow Control for Distribution Systems Adaptable to A Large
Number of Distributed PV Systems”, PVSEC 14 (2004-1)

KIS 2 (R L—Y AT LT, pp.228-245, WA 2 (2002)
[CHEARD AL K & TR ), WEACHAIIZE, Vol.24, No.4 (1968)

E. Acha, C.R. Fuerte-Esquivel, H. Ambriz-Perez, and C. Angeles-Camacho:
FACTS Modelling and Simulation in Power Networks, John Wiley & Sons
Ltd. (2004)

H. Wei, H. Sasaki, J. Kubokawa, and R. Yokoyama: “An Interior Point Non-
linear Programming for Optimal Power Flow Problems with A Novel Data
Structure,” [EEE Trans. Power Syst., Vol.13, No.3, pp.870-877 (1998-8)
BB G« BUEROGE « ChFRRHG @ BRETHE AL, pp.258-261, WIHUAY
Hilk (2003)

[ HES2 sV 2 MR OB AR & 3R, sChigh IIESE, Vol. 54,
No.2 (1998-11)

T. Ishikawa, “Development of Load Flow Calculation Program for Distribu-
tion Lines with Dispersed G Calculation Method for Distribu-
tion Line Voltage with Voltage Regulators—," CRIEPI, Komae Lab. Rep.,
No.T99006 (1999) (in Japanese)

FNRK & TR BORCEMMIMGT Y 71 7 5 Lo —
JE MRS a2 TR L LPE, (F 31 7 e 75 ), LR R, T99006
(1999)

B I GELD 19674 1)) 5 H%. 1990 4F 3 ) | IR A
TR AU AR AR X 1992 4F 3 J1 [ K2EK
BT PRI RR AT I )M T
)4 4 F)HES RIS AT, 2002 4 4 F 350
RERPR PR L PRI 0 78l
PRI EROD & & A%, T & UTROERYIR
Bi, —TBARAS K RERMTIB O8I
B, & AT LIS (E R,

GEED 1965 4 3 J SRR -2 1270
PRV, A4 4 JI0E 1AM A
Bt (B, PEAXEROWIZE) AT, #ix b
Fr— o JERPANFEODIZERAS (NEDO) i), W
T AR O WIZET L = H L R 7548 Le 2
ERRET 1996 4 4 H AU TR T2 B,
BUHEICED, TP L, [EPRA T RV F—¢ 2

[

& B

WHM B, 125% 48, 2005 F

TUAT Kurokawa Laboratory

72

389



FERIAIRIY Papers

March 25, 2006
73



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
74



FERIAIRIY Papers

March 25, 2006
75



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
76



FERIAIRIY Papers

March 25, 2006
77



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
78



FERIAIRIY Papers

March 25, 2006
79



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
80



FEH/XAIRIY Papers

(s)

(6)

(1)

(8)

9)

(10)

n

(12)

(13)

(14)

N. Okada and T. Ishik “The distinctive fi of the grid connected
PV systems”, The Papers of Technical Meeting on Frontier Technology and
Engineering, [EE Japan, FTE-00-6, pp.37-42 (2000-3) (in Japanese)
MEEY - Al 5 (REREHSSHKBERES X7 LOE
SRR, W2 T2V F— - REIEE, FTE-00-6, pp.37-42
(2000-3)

T. Ishikawa, K. Kurokawa, N. Okada, and K. Takigawa: “Evaluation of
operation characteristics in multiple i of PV sy ", Solar
Energy Materials & Solar Cells, Vol.75, pp.529-536 (2003-2)

S. Naka, S. Toune, T. Genji, T. Yura, S. Takayama, and Y. Fukuyama: “Op-
timal Setting for Control Equip Considering I of Dis-
tributed Generators”, 7. JEE Japan, Vol.120-B, No.12, pp.1558-1565 (2000-
12) (in Japanese)

b RS- BRI R -oTi 5 - HREE - &LE—- - WuLR:
I HERDOEFR LR L - WETHRBORBLETORT ), Y
# B, 120, 12, pp.1558-1565 (2000-12)

A. Fukutome: “Optimal Switching Problem in Distribution Systems”, T.
ISCIE Japan, Vol.22, No.9, pp.569-576 (1978-9) (in Japanese)

wE B TRERKICHY 3REMMABRIERE), S ATLLN
.22, 9, pp.569-576 (1978-9)

K. Nam, Y. Hayashi, and K. Nara: “An Approximate Solution Algorithm for
Load Balancing of Distribution Systems Taking Discreteness of Load Incre-
ment into Account”, T. JEE Japan, Vol.118-B, No.9, pp.983-989 (1998-9)
(in Japanese)

AR 48 - RRE - TGO Z £ LA IR
63TV ARGEDE LR |, 258 B, 118, 9, pp.983-989 (1998-9)
N. Okada: “Control of Loop Distribution Network and Result”, The Papers
of Technical Meeting on Power Sy Engineering, IEE Japan, PSE-00-2,
pp.7-12 (2000-1) (in Japanese)

HEa N —TEEREOFAL DR ), BRRE2ENREER
¥, PSE-00-2, pp.7-12 (2000-1)

N. Okada: “Autonomous Loop Power Flow Control for Distribution Sys-
tem”, 7th International Conference on AC and DC Power Transmission, [EE,
No.485, pp.150-155 (2001)

N. Okada and S. Uemura: “Basic study on installation and control method
for loop power flow controller in distribution system™. The 14th Conference
of the Electric Power Supply Industry, pp.46-51 (2002)

N. Okada, H. Kobayashi, K. Takigawa, M. Ichikawa, and K. Kurokawa:
“Loop Power Flow Control and Voltage Characteristics of Distribution Sys-

tem for Distributed G Including PV System”, WCPEC-3, Proceed-
ing CD (2003-5)
N. Okada, M. Ichikawa, and K. Kurokawa: “E: and Evaluation of

Loop Power Flow Control for Distribution Systems Adaptable to A Large
Number of Distributed PV Systems”, PVSEC 14 (2004-1)

(15)

(16)

a7

(18)

(19)

H. Akagi: “Control Strategy and Site Selection of a Shunt Active Filter
for installation on a Power Distribution System™, 7. JEE Japan, Vol.116-D,
No.3, pp.285-293 (1996-3) (in Japanese)

FAEL : RERKICRET UIIET 77477 4 V2 DHE
i & BRSOV T, W3 D, 116, 3, pp.285-293 (1996-3)

E. Acha, C.R. Fuerte-Esquivel, H. Ambriz-Perez, and C. Angeles-Camacho:
FACTS Modelling and Simulation in Power Networks, John Wiley & Sons
Lud. (2004)

H.S. Kim, H.S. Mok, G.H. Choe, D.S. Hyun, and S.Y. Choe: “Design of
Current Controller for 3-Phase PWM Converter with Unbalanced Input Volt-
age”, Proc. of PESC, Fukuoka (1998-5)

NR. Zargari and G. Joos: “Performance Investigation of a Current-
Controlled Voltage-Regulated PWM Rectifir in Rotating and Stationary
Frames”, IEEE Trans. Industr. Electron., Vol.42, No.4 pp.396-401 (1995-
8)

R S - SREAFOIS - PR © ML AP, pp258-261, HUH A
HiRg (2003)

B & 3 (E&) 19674 1 H 5 H%. 1990 4 3 ARGEK

: FIFHET AR, 1992 4 3 ARKZEK
Pt LFWARER DS LaiiaEiE 7.
- [F4E 4 A/ RIAZEAT AT 2002 4 4 A #URK

BRTRFRE B LR T2 auds +
BMRRCHEROE EAY, T L LTRHERER
., V—TRERVB L URERHFHOMZIC
EH, AT LSRR,

NIl & By GEER) 1965 4 3 A RREHAES M P61
TR, [ 4 ABES LR ESGRR
AT (BEEEBRRE AW A, Hizxl¥—-
PR APAREEHES (NEDO) i), &7k
BOMRA I AN F—BRERMAZEL E 2
T 1996 4F 4 A GRS T ¥ T#8B8UR, BifEiC

%, L7t MEXARTRVF—"?22il

398

IEEJ Trans. PE, Vol.125, No.4, 2005

March 25, 2006

81



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
82



FERIAIRIY Papers

March 25, 2006
83



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
84



FERIAIRIY Papers

March 25, 2006
85



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
86



FERIAIRIY Papers

March 25, 2006
87



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
88



FERIAIRIY Papers

March 25, 2006
89



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
90



FERIAIRIY Papers

20th European Photovoltaic Solar Energy Conference, 6-10 June 2005, Barcelona, Spain

New system technology for the mass deployment of
PV systems is being studied in this project. The major
concept of this study is to enhance PV system
“autonomy”, which means a community-base PV clusters
less-dependent on external utilities. Feasibility studies
are being made on total system concept by simulation
and some other key components such as battery station,
power electronics for active network control and
individual inverters, etc..

2. NECESSITY OF AUTONOMY-ENHANCED PV
CLUSTERS:

In Case 2 in Figure 2, as the base case for the
PV2030, around 40% out of 100 GW PV installation is

Table 1: Possible grid concerns arising from highly-
aggregated PV systems and distributed generators

assumed to be brought from single-family roof-top
residential PVs. Therefore, this means almost 100 % PV
penetration may be necessary in the majority of urban
communities. Itis supposed that these kinds of state may
produce technical problems to formulate community
network as described in Table 1.

In addition, the authors believe that the higher degree
of the autonomy of the community network, which
means less-dependent PV clusters, will give the higher
bargaining power to a utility operating the network
against external utility company.

Figure 3 illustrates a basic image of “Autonomy-
Enhanced PV Clusters by utilising power electronic
devices and battery storage stations. The former power
electronic facilities will bring network control functions
to improve grid parameters along the community internal
grids by utilizing shunt/serial active components, meshed
network, loop power controller (LPC) and so on. The
existence of storage devices mainly gives higher degree

Items Description Remarks of autonomy by the following control functions:
Voltage Unexpected voltage the more - Reversal power flow suppression,
Problem distribution caused by notable for - Demand/supply gap compensation with forecasting
reversal power flow from the larger furictions
PVs clusters. g 2 £ fluctuati flow from PVs and
Tanmone  Mbk Effoct of - Suppression of fluctuating power flow from PV any
Distorion  Harmonic Distortion from loads exceeding the governor speed level of outer
power conditioners grids.
EMI Multiple Effect of EMI By formulating a kind of R&D consortium as show
_ from POWET FOHdeHETS _ in Figure 4, the authors proposed a new project to NEDO
grnd ] - Short circuit capacity Iflegg%lble in summer, 2004. This is originally planned as a
rotection  increase fed by DGs OLEVS: preliminary stage, with the time frame of 1.5 years, for
- Short circuit fault going to the next stage of more extended R&D as shown
detection failure by T 5
DG’s UV relay W . ) o .
- Islanding chance The main objective of this feasibility study stage is
increased by multiple planned for one and a half year time frame: i.e.,
interaction - Illustrate possible scenarios and technological
- Ground fault clearance options toward 2030,
?&%‘g%&gi‘mm@ - Study new concepts of total network,
- Develop technological seeds newly required.
Community-base PV Cluster Concept s
by introducing Active Power Network Control oy
’ Series Series iy
! Power Device Power Device X,
; !
N - et '
= Inter-Utility Eammunily Inter-Feeder /
5 = Connector _@tation Router /
- (Router) LPG) 5 J
© : hunt {
c ; Power Device ‘
*2 i Series )
L i Power Device |
£l :
\ 5
\ Inter-Feeder 5
\ Router 3
3 : Shunt PG !
» Community m |
\ = !
. Grids Em ’.
N m 2
o i/
g el B /
oS AC Storage PV ’
Figure 3: A basic network image of “Autonomy-

Enhanced PV Clusters” by utilising power electronic
devices and battery storage stations
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To realise this new technological challenge, a
research group headed by Prof K. Kurokawa has been
formed under the supervision of the Photovoltaic Power
Generation Technology Research Association — PVTEC,
consisting of researchers from universities, national
laboratory and industries: i1.e., TUAT, Waseda Univ.,

Univ. of Fukui, AIST, GS Yuasa Corp., Nippon Oil Corp.

and other institutional cooperation. The authors have
already started basic investigations: 1.e., conceptual
definition of “autonomy-enhanced PV clusters™
extraction of possible technical options, selected case
studies for network formations by simulation; key
component developments such as SiC
devices/conditioners, EDLCs (electric double layer
capacitors), battery storage station, power electronic ICs.

The present study has been initiated in October 2004
as the Phase I after the Japanese PV2030 roadmap was
published and will be continued until March 2006. The
authors are intending that the Phase II of this project will
be also proposed to NEDO to be started in FY2006
hopefully for the next 5 year R&D term as shown in
Figure 5.

= s e
— _—
S oy
= s
/ :

. Kurokawa | Seeds 1: Power Elec. (TUAT)

/

‘ Seeds 2: SIC Devices (AIST
| Total System study L2282 SIC Devices (AIST)
\ Group Seeds 3: Batt. Stn (GS-Yuasa)
(PVTEC:WGs)  [5eeds 4: EDLC (Nippon Oil)
[Simul (AIST, Waseda-U, Fukui-U)

~

Figure 4: Study group for AE-PVC feasibilty

June | Oct  March
2004 2008 2006 FY2006 2010 | toward 2030
o Active o
discuss, | Goncapts | Neworks& | Gttt
2 Components
AE-P aseriesof \AE-PVC De%
PV2030 easib AE-PVCR&D A& Deployment
] I ] 1 i
14 4

Figure 5: Present project status and possible future plan

3. DEFINITION OF AUTONOMY-ENHANCED PV
CLUSTERS:

To achieve highly aggregated residential PV
community expected by PV2030, AE-PVC is to be
defined as described in Tables 2 and 3. Such PV
aggregation can supply sufficient annual energy at the
same range of or more than total, regional energy
demand. A large number of PV systems are distributed
and melted into community grids among scattered
residential loads.

There are various strategies to accommodate a large
number of (residential) PV systems into urban power
networks: e.g.,

TUAT Kurokawa Laboratory
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Table 2: Basic Definition of Autonomy-Enhanced PV
Clusters

Items Descriptions

Basic Residential application is still one of
Recognition major sectors according to PV2030.
Highly Highly ~ aggregated residential
aggregated community where the annual energy

production is at the same range of or
more than total, regional energy

demand.

Power Downward and upward power flow

direction along the community network.

Less- A self-controlled unit from the view

dependent point of external grids: no reversal
ower flow outward; no disturbance
y internal faults; autonomous
power/energy management as far as
Fosmble including planned purchase
rom external utility or IP.

Optimisation ~ Total optimisation on blank sheet in

prospect of  future  technology
advances  free  from  present
regulations.

Table 3: Detailed technological mission/definition for
Autonomy-Enhanced PV Cluster concept

Studied Cases - Major cases to meet “PV2030”
roadmap scenario.
- Residential community-based PV
integration.
- Technology optimised for 100% PV
penetration or more.
Object Loads - All the residential loads aggregated
in a community network.
Reversal - Designed for no reversal power tlow

Power Flow outward to external utility grids

Occurrence - Community grid connected with
inter-grid router in principle.

- Battery storage stations provided for
internal  power and  energy
management.

- Inter-grid router isolates community
grids during external utility grid
outage. ) ) )

- Continuing service without internal
interruption.

-No interference flown outwards
during internal faults.

Battery - Reversal power flow suppression.

Storage - Gap compensation between demand

& supply.

- Forecasting functions of solar input
& demands.

- Suppression  of  power  flow
fluctuation homeward faster than
governor control among outer grids.

Active -Power electronics  such as

Network shunt/serial  active components,

Control meshed network, loop power

controller (LPC).

- Storage devices.

- Low voltage grid formation as a unit
bunch.

Interactions to - On occasion of external utIIIYK

and from  interruption, community networl

external can continue its service after
utility grids immediate isolation by an inter-
utility router.

+ Community grids provide means for
establishing its own voltage and
frequency.

Islanding
Prevention

- Consider an appropriate number of PV systems
individually connected to utility grids with reversal
power flow following an allowable distribution
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battery or capacitor for each PV power conditioner might
also be useful to raise the value of PV system by
suppressing flicker arising from residential loads.

4. CONCLUSIONS

The authors have initiated their research works for a
new type of system technology for the mass deployment
of PV systems is being studied toward PV2030. Early
results of them have already been obtained including
conceptual  definitions  of  autonomy-enhanced,
community—base clustered PV systems and network
simulation for some cases. This work is being supported
by NEDO under the Ministry of Economy, Trade and
Industry.
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AN ACCURACY OF THE SV METHOD FOR EVALUATED SHADING LOSSES
~COMPARED WITH RESULTS USING THE FISH-EYE-PHOTOGRAM METHOD ~

Takashi OOZEKI', Kenji OTANI?, and Kosuke KUROKAWA!
1 Kosuke KUROKAWA Lab., Tokyo University of Agriculture and Technology,
2-24-16 Naka-cho, Koganei, Tokyo, 184-8588 Japan Phone/Fax: +81-42-388-7445, E-mail: oozeki@cc.tuat.ac.jp
2 National institute of Advanced Industrial Science and Technology
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ABSTRACT: A shading loss is one of significant losses in a PV system. The sophisticated verification method (SV
method) has been developed as an evaluation method of PV systems. The method can identify system losses by using
utilizing hourly monitored data. In the method, the extracting method of maximum data has been proposed to
estimate the shading loss. This paper describes the accuracy of the SV method in term of shading losses by
comparing with the fish-eye photograph analysis, which is one of the responsible estimation methods for shading
losses. Eight PV systems were evaluated by both methods, and errors between two methods were within 1.0% of
MBE and RMSE in almost all systems. Moreover, after correlated by the shading losses, array output was
proportional to irradiation clearly. Those results suggest that the shading detected in the SV method is useful for the

evaluation method of PV systems.
Keywords: Evaluation, PV system, shading

1 Backgrounds and Objective

The rapid growth and expansion of grid-connected
photovoltaic (PV) systems utilization is significantly
beneficial to the mitigation of environmental issues. Even
though they are known as the maintenance fiee
generation, PV systems have to be monitored and
evaluated their output energy since certain troubles have
been reported. In fact, some PV systems could not
generate energy as much as they are expected - shading
effect around buildings and trees, the failure of system
rating, the repression of output energy by over voltage
control, and the failure of construction, and so on.
Therefore, an evaluation method for PV systems seems to
be necessary. In our laboratory, the sophisticated
verification (SV) method [1], which is the evaluation
method for PV systems, has been developed. The method
can estimate system losses by using a few utilized
monitoring data items despite of numerous kinds of
losses, which seem not to be measured easily. In
particular, it is difficult to identify shading losses. The
purpose is to confirm the accuracy of shading losses
estimated by the SV method, and the paper describes to
compare with the fish-eye photographs analysis.

2 The SV Method

The SV method can estimate system losses between
irradiation energy (optical energy) and system electricity
output power (AC power). The method needs typical four
monitored data such as in-plane irradiation data, cell
junction temperature, array output power, and system
output power, and allocates system losses to the part of
the total system loss. In the latest version of the SV
method, classifiable characteristics of PV systems are
eight factors: shading losses, optical losses, losses by
load mismatching, temperature effect on module
efficiency, power conditioner standby losses, power
conditioner efficiency, DC circuit losses, and the other
losses which reduce the fundamental system performance,
for instance; soil on modules, depleted modules, and the
erroneous system rate.

2748

2.1 Procedure to estimate the shading effect in the SV
method

The SV method assumes that the shading effect is
caused by some obstructions, the tree and building, but
shading in a short time caused by a cloud and a bird is
excluded. In addition, the shadow is classified three types
as shown in Fig. 1. One of them is named “partial
shading” and means that shadow exists on a part of PV
array surface, but not on a radiometer. The second one is
named “full shading” means that shadow covers both of
PV array surface and a radiometer. Full shading includes
the shadow by a hill may be included “full shading”. The
other one is that shadow exists on a radiometer, but not
on a PV system. That case is named by “faked shading”,
and the effect of that should be compensated by a certain
method before evaluating. In principle sense, “partial
shading” is determined to be the shading loss of PV
systems.

[ Partial shading

laq_iometer

[ Full shading

ST

[ Taked shading

Figure 1: Types of shading

In the SV method, the extracting maximum data was
proposed to detecting the shading effect. For example of
irradiation, Fig. 2 illustrates all the hourly irradiation data
for a specific month and each maximum point, which is
taken from each time zone. Note that the average of top
three data is defined as maximum point so far. The
extracted data indicates to be the profiles of a clear day.
Moreover, if shading is assumed to exist every day
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COMPARATIVE STUDY OF M-SI, A-SI AND CDTE SYSTEM OF
VERY LARGE-SCALE PV (VLS-PV) SYSTEMS IN DESERT
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ABSTRACT: Thin film technologies require lower energy to produce than crystalline PV module, but unfortunately,
efficiency is lower than crystalline PV module. The authors focus attention on the point, and research possibilities to
install Very Large-Scale PV system using multi crystalline silicon module, amorphous silicon module or CdTe PV
module. If the module price reduces 1 USD/W, the generation cost reduces to 6-8 US cent/kWh. From an
environmental point of view, Energy Payback Time was obtained 2-3 years, and CO, emissions rate was also
obtained 17-23 g-C/kWh. In case of VLS-PV systems in desert area, total energy requirement of thin-film module
was higher than crystalline silicon module because of its efficiency. Total energy requirement throughout the life-
cycle of the PV system can be recovered in a short period much less than its lifetime. Therefore VLS-PV system is
useful for energy resource saving. The much lower CO, emission rate of VLS-PV than that of existing coal-fired
power plants means that it is a very effective energy technology for preventing global warming.

Keywords: Large Grid-connected PV system, Economic Analysis, Environmental Effect

1 INTRODUCTION

A desert has big potential, high irradiation and huge
land area. And desert area is not only sand desert, but
many types of lands exist. For example, rock desert,
desert step, mountains and gravel desert, which is consist
of small rocks and hard soil. Authors are focused on its
potentials and simulate a 100 MW Very Large-Scale PV
system installed in a desert area to obtain a possibility.

There are many kinds of Photovoltaic modules, for
example, mono crystalline, multi crystalline silicon, a-Si,
CdTe, hybrid, ribbon, EFG, HIT, CIS and so on. When
we discuss their characters, we talk about power,
efficiency, voltage, current, etc. However, we look
toward environmental character, there are also kinds of
characters. PV module require energy to produce. The
amount of energy is different between PV modules. The
authors focused on this point, and investigate the PV
modules which installed in desert area in large scale.

Basically, thin film technologies require lower
energy to produce than crystalline PV module, but
unfortunately, efficiency is lower than crystalline PV
module. The authors focus attention on the point, and
research possibilities to install Very Large-Scale PV
system using multi crystalline silicon module, amorphous
silicon module or CdTe PV module.

Table 1 Geographic information for Gobi desert

Location Hohhot (40°N 111°E)
Performance ratio (PR) 0.78
Ambient temperature [°C] 5.8

o & Tiltangle=10° 1,854

S€  Tiltangle=20° 1,964

£°%  Tiltangle=30° 2,026

.5 Tilt angle=40° 2,037

In this study, we are focusing comparative study
between PV modules, which are m-Si, a-Si and CdTe PV
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module. These studies are obtained cost and
environmental discussion which are generation cost,
Energy Payback Time and CO, emission rate. For detail
comparison, we focused on only Gobi desert in China.
Geographical information is shown in Table 1.

2 METHODOLOGY

2.1 Basic methodology

A methodology of “Life-Cycle Assessment (LCA)” is
a appropriate measure to evaluate the potential of VLS-PV
systems in detail, because a purpose of this methodology is
to evaluate its input and output from cradle to grave. In this
study, generation cost of the VLS-PV system was
calculated with the method. These indices are defined by
following equation.

EPT (Year)=

Total primary energy requirement

of the PV system throughout its life - cycle[KWh]
Annual power generation [kKWh/year]

CO, Emission rate (g - C/kWh) =
Total CO, emission on life - cycle(g - C)
Annual power generation [k Wh/year]x Lifetime [year]

Generation Cost [cent/kWh] =
Annual expense of the PV system [cent/year]
Annual power generation [kWh/year]

EPT means years to recover primary energy
consumption throughout its life-cycle by its own energy
production. In this study, EPT is calculated as China
electricity. CO, emission rate is a useful index to know
how much the PV system is effective for the global
warming.

wiaiciil £o, 2006
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differences were found in the terminal interference wave
voltages even where there were differences in power
conditioner operation output. No significant quasi-peak
value differences were found either at 100%, 75% or
25%, however the lowest measurement value was
obtained at 50%.

General electrical appliances usually show the
highest terminal interference wave voltage under stable
operating conditions. In this experiment however, the
power conditioner exhibits the highest terminal
interference wave voltage under low-output conditions.
We may attribute this to differences in the switching
circuit that controls the power conditioner’s power
conversion and operation control characteristics.

4 Summary

This study proved that lead batteries can be used as a
substitute power supply for solar cells to measure the
terminal interference wave voltage of a power
conditioner. Moreover, we recommend performing
measurements not only at high-output conditions, but
also at low-output conditions of the power conditioner
operation output when measuring the terminal
interference wave voltage of the power conditioner.
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DETAILED PERFORMANCE ANALYSES RESULTS OF GRID-CONNECTED CLUSTERED PV SYSTEMS IN
JAPAN —FIRST 200 SYSTEMS RESULTS OF DEMONSTRATIVE RESEARCH ON CLUSTERED PV SYSTEMS
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ABSTRACT: Grid voltage is one of the loss factors for grid-connected photovoltaic (PV) systems. This paper
describes results of performance and loss analysis for grid connected residential PV systems. Most of PV systems
resulted more than 70% of performance ratio but some of them showed severe output yield reduction due to the over
voltage of power distribution line. The voltage of power distribution line is raised by both PV systems output energy
and reduced load which is mainly occurring during weekend. Over voltage of power distribution line induced output
regulation of PV inverters. Results indicated that both PV systems and reduced load raised approximately 2V of
distribution line’s voltage and combination of two factors induced substantial output yield reduction for PV systems.
Keywords: Grid-Connected, PV System, Performance, Over voltage

1 INTRODUCTION

Voltage rising of power distribution line is one of the
concerns for grid connected photovoltaic (PV) systems.
Possibility of over voltage at the power grid is higher in
the case of higher concentration of PV systems.
“Demonstrative research on clustered PV systems” is
being conducted by NEDO from December, 2002 in
Gunma, Japan [1]. More than 200 residential PV systems
are already installed on top of the roofs of houses and
connected to the power grid in less than 1km?® area.
Detailed performance and loss analysis for these PV
systems are performed to investigate a behavior of the
grid connected PV systems.

2 OUTPUT REGULATION OF PV INVERTER

In the case that a large number of PV systems are
connected to the same low voltage / medium voltage line,
this situation called “Clustered”, voltage rising due to the
reverse power flow from each PV systems will occur as
shown in Fig.1. To avoid the over voltage of the power
distribution line, Japanese commercial PV system’s
power conditioning subsystems (PCS) is monitoring its
own output terminal voltage. If the voltage exceeds the
starting voltage of output regulation, PCS will
automatically reduce its output power by reducing the
output current to avoid over voltage of the power grid.
Power factor (PF) control is also available in some PCS,
however, the effect for over voltage protection is limited.

Examples of starting voltages and control speeds of
the output regulation are shown in Table.l. A statutory
control range of Japanese power system is 101 +- 6 [V]
for 100V single phase line and 202 +- 20 [V] for 200V
line. Since there will be some voltage drop from
connecting point at distribution line to the PCS terminals
due to the drop wire’s resistance, a starting voltage is not
necessary to be set for 107 [V] which is upper limit
voltage of distribution line. However, these variations of
starting voltage may cause uneven output energy loss
between the PV systems.

During the output regulation, PV array’s operation
point on its I-V curve is restricted near the open circuit
voltage (Voc), that means output voltage is higher than
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its maximum power point voltage (Vg and current is
lower than the maximum power point current (Ip...).
Thus restriction of output can be detected by these values
and loss due to this regulation can be quantified [2].

«———Transformer End of ling ——
" Upper
<
s —CD
——————————————————————— ---{--- Lower
Limit
T T 0] ol T
(o} o] [o] [} o]
-3 =3 =3 -3 =3
1) ) o ] L

/PV//PV//PV//PV//PV/

Figure 1: Image of voltage rising due to PV’s power

Reactive power control

Types Starting Voltage Speed
1 112v PF=1 to 0.85in 2.5sec
2 None None
3 None None
4 107V PF=1 to 0.85 in 10sec
Active power control (Regulation)
1 After PF 2A/sec, 100% to
reached 0.85 0%=10sec
2 107V 43mA/4sec
3 109V Immediately 0%
4 109V 100% to 0% in 4 to 10sec

Table 1: Examples of output regulation method

3 PERFORMANCE AND LOSS ANALYSIS
RESULTS
Overall system performance is evaluated by

performance ratio which is defined as a ratio of actual PV
system output to expected rated system output during the
evaluation period. 1 minute averages of the data recorded
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IMPACT STATEMENT OF DISTRIBUTION NETWORK BY FLUCTUATION OF PV SYSTEM OUTPUT
BY USING FREQUENCY ANALYSIS
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ABSTRACT: An output of PV systems has a short-term fluctuation due to weather fluctuation. With high connection
densities of PV system in the distribution network, this might cause to degrade electric power quality e.g. voltage fluctuation
and frequency variation. Recently, rapid growing end expanding of the PV systems in the electric power systems make a
large benefit to reduce environmental problems. Therefore, the necessity for evaluating the influence that fluctuation of PV
system output exerts on the distribution network has risen. In this paper, the impact statement method of distribution network
by the fluctuation of PV system output by using frequency analysis is described. The impact statement of distribution
network by the fluctuation of PV system could be analyzed in every frequency bands by this evaluation method.

Keywords: Grid-Connected, PV System, Quality

1 INTRODUCTION

An output of PV systems has a short-term fluctuation
due to weather fluctuation. With high connection
densities of PV system in the distribution network, this
might cause to degrade electric power quality e.g.
voltage fluctuation and frequency variation. Recently,
rapid growing end expanding of the PV systems in the
electric power systems make a large benefit to reduce
environmental problems. Therefore, the necessity for
evaluating the influence that fluctuation of PV system
output exerts on the distribution network has risen.

An important study of the fluctuation analysis of
grid-connected PV systems has already been approached
by using wavelet transform [1]. This paper describes a
definition of the Fluctuation Power and Energy Indices
by using wavelet power spectrum. This study has
developed simulation method of the fluctuation analysis
of grid-connected PV systems in the distribution network.
Generally, actual measurement data on many sites cannot
be obtained easily.

In Japan, the new national R&D project on PV
system (Demonstrative Research on Grid-connection of
Clustered Photovoltaic Power Generation Systems) has
been start since 2002 [2]. The target of this project is to
solve technical problems such as restriction of PV system
output, higher harmonics and islanding operation where
PV systems are clustered in a residential district. In this
project, about 510 grid-connected PV systems with
battery installed at residential houses and are monitored
at all times. This study is the smoothing effect ([3], [4])
of fluctuation of irradiation and PV output, is performed
by part of this project. The smoothing effect is natural
phenomenon that smoothes fluctuation of irradiation in a
certain area. Especially, fluctuation of irradiation by
movement of cloud is smoothed.

Currently, we clarified that smoothed magnitude and
speed of fluctuation by the smoothing effect. This effect
has the advantage for distribution network. Next phase, it
is necessary to estimate impact statement of distribution
network with the fluctuation of PV system output.

In this paper, the impact statement method of
distribution network by the fluctuation of PV system
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output by using data obtained in real system is described.

2  APPROACH

Figure 1 shows the electric power flow of a grid-
connected PV system without battery, is composed of
power conditioner system (PCS: A) power, load supply,
and grid power (C). C is decided by A and B; C=A-B.
The impact statement of distribution network by the
fluctuation of PV system output needs to analyze the
relation between A and C. Additionally, to evaluate the
electric power quality, it is necessary to analyze them for
each cycle of the fluctuation. Therefore, FFT (Fast
Fourier Transform) was used for the analysis, waveforms
was separated by using it like the filter for each cycle of
fluctuation.

Irradiance

And

Distribution
network (Grid)

Figure 1: Power flow of a grid-connected PV system
(A: PCS power, B: Load supply, C: Grid power)

Figure 2 shows the estimation method of impact
statement of distribution network with the fluctuation of
PV system output, is composed of data input, filter, and
correlation. The division of the frequency domain used
octave division; logarithmic scale of frequency axis is
divided equally (see Table I). This division method is
especially easy to analyze for low frequency domain.
IFFT (Inverse FFT) transforms Fourier coefficient
separated by octave division to time domain for each
level. Figure 3 shows separated result by using this
method.
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PV Resource Survey for Urban Areas by means of Aerial Photographs
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ABSTRACT: In this paper, we present a method for estimating the introduction potential of photovoltaic power
generation systems (PV systems) in urban areas. Most PV systems are installed on building roofs as roofing systems in
urban areas. Therefore, by using the information about roofs obtained from aerial photographs taken from an airplane, we
can estimate the introduction potential of PV systems in an area of interest. The introduction potential of PV systems is
basically estimated according to the total area of roofs. In order to obtain the information about roofs, the recognition and
extraction of roof from aerial image is a necessary process. In this study, automatic approach for house roof extraction
based on characteristics of surface features is proposed. An experiment of roof extraction is carried out and the result of
our extraction method is compared with the manually extracted roofs to conduct an accuracy assessment. Finally we
estimate the introduction potential of PV systems based on the experimental results.

Keywords: PV system, Roofing systems, Aerial photogrammetry

1 BACKGROUND AND OBJECTIVE

Escalations of global climate change, various
environmental issues, and resource depletion have
focused on PV as one of the renewable energy
technologies alternative to fossil fuel. Furthermore, from
the perspective of energy security, PV is expected as
major future energy source in Japan where energy
resources are limited. Under such circumstance, the

“Japan’s PV roadmap 2030 (PV2030)” was developed [1].

PV2030 outlines possible development routes leading to
100 GWp of PV in 2030. It targets the installation of
45-60 GWp residential PV system in 2030. It is important
for the target volumes to estimate the introduction
potential of PV systems. Moreover, the estimation of the
introduction potential is necessary as a guideline for
regional energy plans.

Earlier studies have investigated promising sectors
for the introduction of PV systems and their introduction
potential of PV systems according to statistical data
concerning the construction of buildings and land use [2]
[3] [4] [5]. Such studies based on statistical data cost a
great deal of money and time for data collection and
reduction. Therefore, inexpensive and efficient estimation
methods are needed. Aerial Photographs have the
potential to provide information that can help us
understand where the suitable place for introduction of
PV systems. In addition, aerial photograph is
easily-available.

The objective is to develop an efficient method for
estimating introduction potential and power generation of
PV systems by using information obtained from analysis
of aerial photographs. This paper aims to define a
technique for extracting roof from an aerial photograph
and estimating the area of roofs. The technique targets
roofs of an independent house.

2 THE ESTIMATION METHOD

In earlier studies, statistical data has been used for
estimating the introduction potential of PV systems. In
this study, on the other hand, focusing on that many PV
systems are installed on roofs of residential, commercial
and public facilities in urban areas, an efficient estimation
method using aerial photographs is proposed. With high
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resolution aerial imageries, it is possible to identify the
small-scale features such as buildings and roads. In our
method, automatic image analysis process on recognition
and extraction roofs is important to obtain detailed
information about roofs. The detail of image analysis
process is described in next section.

Roof extraction
by image analysis

Local roof areas

Rooftypeand o
roof direction _.-*

' o “ Solar S
irradiation !
1 \‘ v
4 data .

- -

7" Potential of power s
Ty generation s
Figure 1: A flow diagram of estimation process. This
paper focuses on the full line parts.

3 IMAGE ANALYSIS

In this section, the process of extracting roof regions
from aerial image is presented. Automated building
extraction in urban areas is one of most difficult problems
in image understanding and photogrammetry. A variety of
approaches have been suggested for the extraction of
building from aerial imageries. Several approaches
integrated the image analysis with other data sources,
map, digital elevation models or Geographical
Information System data. Meanwhile, an approach using
multiple images is described in [6]. Some of these
approaches gave notable results. However, In order to
supply the requirement cheaply and efficiently, we
employ a method using one image to extract roof regions.
Extraction algorithm is consisted of 3 steps.
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We calculated the extraction rate which defined as the
percentage of correctly extracted pixels over total number
of pixels in each roof region (Table 2). The middle
column shows the number of roof extracted between the
extraction rates shown in left column. As shown in table
2, approximately 73 percent of total number of roofs was
extracted with high extraction rate (more than 80 percent).
Therefore, sufficient results were obtained.

Table 2: Extraction rate

Extraction Number of

s - Percentage:
90 - 100% 26 31.7
80- 90% 34 415
60 - 80% 15 18.3
40 - 60% 5 6.1
20- 40% 2 24

0- 20% 0 0.0
Total 82 100.0

6 ESTIMATION OF INTRODUCTION POTENTIAL

The total area of roof regions can be calculated by
multiply the number of extracted pixels by the resolution
of the aerial photograph. Based on the extraction result,
the total projected area of roofs in study area is calculated
to be 6353 square maters. Of course the areas of roofs
should be calculated in consideration of roof tilt angle.
However, it is very difficult to know the tilt angle
precisely through analysis of one aerial image. On the
other hand, the tilt angle of ordinary independent house
roof is set to around 20 - 30 degrees in Japan expect for a
snowy district [8]. Hence, the areas of inclined roof can
be approximate by assuming the proper angle. Based on
the assumption that the tilt angle of all roof'is 25 degrees,
the areas of inclined roofs is calculated to be
approximately 7000 m2. Finally, the installable capacity
in the study area is estimated to be 1050 kWp under the
rated output is set as 0.15 kW / m2.

7 CONCLUSION AND FUTURE WORKS

In this paper, an automatic house roof extraction
approach for estimation of the introduction potential of
PV systems has been presented. The roof extraction
approach uses characteristics of surface features in order
to distinguish roof regions from non-roof regions. The
extraction algorithm is consisted of 3 steps. In the first
step, a digital image of aerial photograph is segmented
into connected regions. In the second step, calculate HSI
values (attributes of the color appearance system) and
classify the regions based on the HSI values by use of
MLC. In the third, calculate the shape characteristics of
each region and recognize the house roof regions. The
proposed approach has been used in residential area to
extract independent house roofs and showed good results.
As a result, the possibility of presented approach to
estimate the introduction potential of PV systems by
means of aerial photograph analysis is suggested.

There are several problems are still exist in our
approach. The roof extraction process uses color
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characteristics to classify surface features. However, the
color of a feature will vary with the seasons. This is
especially true in the color of vegetations. Moreover,
color characteristics will vary from one site to another
depending on the sun angle, the flight conditions and the
weather. In addition, a power generation from PV
systems is dependent on a roof shape and a roof direction.
Therefore, future works will focus on: color calibration,
understanding of roof structure.
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digital (PCM) input type and a both of them. The input
part of the all-in-one type IC is also classified into them.
External demodulation filters are used to filter the audio
content of the PWM signal and suppress the energy at
higher carrier frequencies. Usually, a second-order LC
low-pass filter is sufficient. However, it is necessary to
create the control circuits to connect the inverter to
distribution grid and there is no freedom to design of the
inside function of the all-in-one type IC. But. if the
all-in-one IC is applied to the grid-connected inverter as
the main circuit, the steps and time for manufacturing
should be dramatically reduces as a consequence the
place will be reduced. Furthermore, since the IC for class
D audio power amplifier is circulating widely, the price
of it is very low price. Therefore, the inverter’s cost can
be cheaper than conventional inverter.

The test of this study is performed with the all-in-one
type IC  (CM8685 Champion  Microelectronic
Corporation) whose input part is analog signal input type.
Internal circuit of CM8685 is shown in Figure 3.

T T 1 (.Y
" ! .2
‘ { Gt —k [ AT

(] "
Supply + \I
voltage - J : Vv
a2k ca— B
L J [E—e s o
> [
A
|
Auci\a/ - Gate
el [ 5 Driver o3

! G4
<\“\ )
J

Internal circuit of CM8685

Figure3: Internal circuit of CM8685 (all-in-one type IC).

4. TEST OF GRID CONNECTED INVERTER BY
READY-MADE ICs FOR CLASS D AUDIO
AMPLIFIER

The design of the experimental circuit is shown in
Figure 4. Since the all-in-one type IC which is used in
this study is designed for very low power. the output part
can’t withstand the voltage of the distribution grid.
Therefore, the voltage of the distribution grid is reduced
by the low-frequency (LF) transformer which separates
(electrically isolates) the DC circuit form AC circuit at 50
Hz. However, it is enough to check the fundamental
operation whether the inverter using the IC can be
connected to the distribution grid or not. As the output of
the PV voltage source, the stabilized DC power supply is
used. To match the phase of the inverter output current /,
with the phase of the reduced voltage V, of the
distribution grid voltage Vi, the voltage ¥, is fed back and
to get at the output a current with the same contour of the
voltage V,. Conscquently. the power factor would be
unity at connection point A. The control circuit is
composed by analog circuit and using the PI controller
defined by the relation:

G, (5)=K, +2L 0
S

Gpy(s) is the PI controller gain and that K and K; are
the proportional and integral filter gains respectively. The
PI controller acts on a DC signal, and therefore provides
zero steady-state error at the grid voltage frequency. The
sample of the distribution voltage is multiplied by current
regulation signal with multiplier and a resulting AC
reference current is created. The experimental results are
shown in Figure 5 (a). (b) and (c). the waveforms are the
reduced voltage waveforms ¥V, of the distribution grid V;
and the waveforms of the regulated inverter output
current /,. The pictures are arranged in order of
decreasing the regulated current level of the inverter
output. In this case, these currents are controlled by
optional outside DC voltage as the current regulation
signal so that the current can be regulated optionally
despite the grid voltage which is kept constant.
Consequently, even if the voltage amplitude of the
distribution grid fluctuates, the inverter output power is
independently controlled. And the way of this control
meets with the main requirements of the PV inverter with
the fluctuation of the DC input power depended on solar
power.
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nal | urrent
“ Current | T rogulation
Amp \Mulhplvor‘ signal
[
Pl Controller _J,
Figure 4: Current controlled inverter circuit.
v » v
NEAPR v Va
- - i
- dt1a N | e
- s (/ 't /'/ N ,/
V —’ v A vt o
(a) (b)
Y »
p v,
-
I,
(¢)

Figure 5: Observed waveforms of transformed grid
voltage and inverter output current with multiplier.
Scales: (a) 2.0V/div: 200mV/div; S5ms/div. (b)
2.0V/div:  100mV/div:  Sms/div.  (¢) 2.0V/div.
50mV/div; Sms/div.

5. CASCADED INVERTER WITH READY-MADE
PWM ICs FOR CLASS D AUDIO AMPLIFIER
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To test the scale down cascaded inverter by all-in-one
ICs, the open loop control has been realized and the ICs
operate at high switching frequency (about 580 kHz).
CM8685 (champion microelectronic corporation) was
tested in the scale down circuit and the circuit is shown in
Figure 11. Figure 11 (a), (b) and (c) show experimental
results of the cascaded inverter. It can check that the
output ¥, as shown in Figure 11 (c) is total of the output
VINV1 as shown in Figure 11 (a) and VINV2 as shown in
Figure 11 (b) .

(©)

Figure 11: Observed waveforms of cascaded inverter
with CM8685: from the top, (a) inverterl output voltage
Vv, (b) inverter2  output voltage ¥y, and (c) output
voltage V. Scales: from the top, 2V/div; Sms/div,
2V/div; Sms/div, 2V/div; Sms/div.

6. CONCLUTION

The cascaded inverter used ready-made ICs for class
D audio amplifier is proposed. Simulation results showed
a possibility to cascade the several inverters on structure.
Experimental results are presented as an open loop
voltage control of the system. The isolated control circuit
is described and results are presented. Furthermore,
experimental results showed the IC is able to be adapting
to the cascaded inverter. The results of that, the cascaded
inerter used the IC has possibility to be the PV inverter.
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ABSTRACT: In order to connect PV system to the grid, it is necessary to test various functions of a PV inverter. Moreover in
view of diffusion of PV systems, it has to be required to test a lot of PV inverters on their mutual interference of islanding
detection or voltage arising. These tests require a huge experimental equipment and a facility, which are to be high cost. This
paper presents a new experimental equipment for PV inverters. The proposed system is composed of the ultra scaled-down
network simulator with electronic circuits. The cost and size can be reduced because the distribution line network is
composed of electronic circuits. For the first step, a scaled-down low voltage distribution system of single-phase two-wire
type has been improved and tested. This system is a part of scaled-down distribution grid simulator [1]. In this paper, the
electronic inductance is improved, which leads to further reduction of cost and size.

Keywords: PV system, Interfaces, Grid-Connected

1. INTRODUCTION

Recently, the number of grid-connected PV systems
has been rapidly increasing. In order to connect PV
system to a grid, it is necessary to test the functions as a
PV inverter, which is islanding protection, grid protection,
circuit protection and so on. To test these functions
directly, a distribution grid of actual scale or scaled-down
network simulator is needed. In the future, it has to be
required to test a lot of PV inverters on their mutual
interference of islanding detection or voltage arising. In
order to test for them, the experimental equipment has to
be expanded to connect a lot of PV inverters; therefore it
becomes large and expensive. Such as equipment is
generally difficult to change its configuration because of
the scale, space, and cost.

The purpose of this study is to develop a new scaled-
down network simulator which has advantages in size
and cost for expanding. In the previous study, a new
equipment for testing PV inverters, which is composed of
ultra scaled-down network simulator with electronic
circuits and an Active Power Interface (API) [2], is
proposed. That model includes resistance, capacitance
and inductance composed with electronic circuit. Using
the API, it is possible to connect actual PV inverters to
electronic circuit directly. However API remains the
problem which current can not be controlled. Against the
problem, scaled-down PV simulator is connected to the
ultra scaled-down network simulator.

In this paper, the authors focus on the inductance
with electronic circuit. In our previous study, an ultra
scaled-down network simulator used an electronic
inductance with Bergeron method [3]. The inductance
with Bergeron method was still large because it was
composed of a lot of devices. On the other hand,
equivalent inductance with Generalized Impedance
Converter (GIC) circuit has a simple structure with a few
parts. Therefore, by using GIC circuit the cost and size
can be reduced.

This paper describes the scaled-down distribution
model in the proposed equipment. For the first step, the
scaled-down low voltage distribution system of single-
phase two-wire type has been developed and the
fundamental operations have been tested. As a result the
operation of inductance with GIC circuit is confirmed.
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2. ULTRA SCALED-DOWN NETWORK SIMULATOR

2.1 Basic design

An ultra scaled-down network simulator is composed
of electronic circuits. The advantage is the flexibility in
the expanding and the replacement. In addition it makes
the space and cost reduced. However, it was impossible
to connect the actual PV inverters for grid connection and
the electronic circuits. Because there is a serious
difference in the power levels between PV inverters and
electronic circuits. A solution is inserting API between a
PV inverter and an ultra scaled-down network simulator.

A basic design of such a simulator is shown in Fig.1.
It consists of ultra scaled-down network simulator and an
API. The most significant component in this system is the
API, which makes it possible to be connected with actual
scale power sources such as PV inverter.

|

|
PV system | Ultra scaled-down |
|
|

Active Power network simulator |
Interface |

New experimental equipment

Fig.1.Composition of ultra scaled-down distribution grid
simulator

2.2 Composition of the proposed simulator

A scald-down distribution network model simulator
is shown in Fig.2 [3]. It is modeled on Japanese standard
residential area [4]. High voltage distribution system is
composed as 3000kVA-6600V, three-phase, three-wire
type, and low voltage distribution system is composed of
100/200V, single-phase, three-wire type. Low voltage
distribution systems are connected into high-voltage
distribution system through pole transformers of 20kVA.
Imitated distribution system consists of the distribution
transformer, the line impedance of high and low voltage
distribution systems, a high voltage load, domestic loads
in the low-voltage distribution system, and the pole
transformers. Power capacitors to improve the phase
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factor are applied for adjustment of reactive power. Their
components, especially inductances, consist of electronic
circuits such as OPamp circuits. Actual PV inverters are
connected through the API. They are supplied from a PV
array simulator which performs various characteristics of
PV array [5]. There are two ways to connect a PV
inverter and the API. First, one PV inverter is connected
to one API as shown at the division 7 when a PV inverter
output power is the almost as API capacity. Secondly,
some PV inverters are connected to one API as shown at
the division 6 when PV inverter output power is much
smaller than API capacity. Therefore, how to connect PV
inverter to API is decided by capacity of the API. It is
difficult to connect a lot of PV inverters because of the
space and cost for the purchase. Thus, a lot of ideal
current sources are connected instead of PV inverters.
The high voltage load and domestic loads consist of LCR
parallel circuits because the impedance of them is able to
be changed variously from inductance to capacitance
component.

2.3 API

The block diagram of an API is shown in Fig.3. It
consists of two voltage sensors, two current sensors, two
OPamps, two resistances, and two comparators composed
of the OPamps. Currents, 7; and I, are measured by the
voltage drop over the resistances, R; and R..

Feed back loop 1

pil

Terminal 1

( pi] o
Tefminal 2

¥ cliage
Sensor |

Y oltage
Sensor2

%
- Feedback loop 2 l \L -
Fig.3 Composition of API

A fundamental function of the API is to transfer
electrical properties: voltage, V; and current, [; at
terminal 1 are transferred to a terminal 2 by multiplying
factors of » and m respectively. At the same time, the
voltage, V, and current, I, at terminal 2 have to be
transferred to the terminal 1 by multiplying factors of 1/n
and 1/m, and vice versa.

The voltages and currents at both terminals are
controlled as follows; the voltages are controlled by feed
back loop 1 composed of OP amp 1 and comparator 1.
They are always kept as Vo//;=n. The curmrents are
controlled by feed back loop 2 composed of OPamp 2
and comparator 2. They are always kept as L/7;=m.

2.4 Inductance composed of electronic circuit

It is difficult to make inductance in comparison with
resistance and capacitance because their characteristics
are very complicated. Against this problem, inductance
components are built as electronic circuits by using the
GIC circuit.

In order to build inductance with GIC circuit into
simulator, one side grounding and floating inductance are
needed. One side grounding inductance is used in
domestic load impedance, floating inductance is used in
line impedance.

2.4.1 One side grounding inductance

The circuit diagram of one side grounding inductance
is shown in Fig.4. The relation between v and 7 is given
by
di
dt
Circuit diagram of one side grounding with GIC

inductance is shown in Fig.5. Kirchhoff”s current low is
applied to node point, 4 and B

A
1 2+1 3
R R

v=1L

=0. - (2)

2 3

Base factor
Three-phase three-wire system
3000kVA, 6,600V
High-voltage distrbution system

Distribution
transformer 1 =
05km
IBW Line Impedance hox
AC power source
<
Domestic load

Actual PV system

Fig.2 Composition of the ultra scaled-down network simulator
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V71+C4 d(vl —V3)
R, dr
By equations, (2) and (3)

C,R,R, d
y=——

R, dr

- C4R1R3R5 ﬂ
R, dt
To compare Equation, (4) to (1), Fig4 is an equivalent

circuit with Fig.5. Therefore equivalent inductance with
GIC circuit is give as

L — C4R1R3R5 )
‘RZ

=0. - (3)

(vl - vz)

[V
3
[

Fig.4 One side groﬁnding inductance:

A
|

OParnp 2

GIC circuit

Fig.5 Circuit diagram

2.4.2. Floating inductance

At the floating inductance, each terminal voltage is
optional and either terminal voltage is not connected to
ground. The diagram of floating inductance is shown in
Fig.6. The terminal 1 and 2 are floating, and the terminal 1°
and 2’ are connected to an earth ground. To imitate this
circuit, it has to be satisfied following conditions, which are

clarified Fig.7.

(1) In the case of short terminal 2-2’, it consists Zu, =1
(2) In the case of short terminal 1-1°, it consists Z,,, = L
e oy .2
L
It 2'

Fig.6 Floati;lg inductance
1o s 2 1 S 2
L L
Ziuy——o> «——7»
I 2! U 2!

I I

Fig._7 The impedance conditions
A circuit which is satisfied these parameter is shown in
Fig.8, Fig.9. Conceptual diagram is shown in Fig.8, the
circuit diagram is shown in Fig.9.
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First, the input impedance which is shown in Fig.10,
Fig.11 is confirmed. Conceptual diagram is shown in
Fig.10. Terminal 1 is connected to terminal 2 actually
because the potential difference of OPamp of input
terminals equals to zero. Therefore, input impedance Z;,
which is shown in Figll equals to zero. Then, the diagram
shown in Fig.8 is confirmed. In the case of short terminal
2-27, it equals to short terminal 4-4’. This is the one side
ground inductance. Input impedance Z,;. is impedance of
inductance, and it is satisfied condition (6). The same can
be applied to the case of terminal 1-1° short, which satisfies
condition (7). Therefore the Fig.9 equals to Fig.6.

3
1 o] L AAA— b )
GIC R GIC
circuit , circuit
I 3 4 o
o— —0
Fig.8 Conceptual diagram
OFamp 1 OPanp 3
. cju MTCA p
R1 R3 Rs R3 R1
OPanp2 OFamp ¢

14 24

Il

Fig.9 Cirm:lit diagram

Fig.10 Conceptual diagram
lo— o2

Zi——>

1 2
Fig.11 equivalent circuit

3. EXPERIMENT RESULTS TO CONFIRM FUNDA-
MENTAL OPRATIONS

3.1 Experimental condition

For the first step, part of the low voltage distribution
system shown at division 7 in Fig.2 was developed. This
system is composed of single-phase two-wire type as
shown in Fig.12. The capacity of pole transformer is
reduced from 20k VA to 20VA, and voltage is reduced from
100/200V to 5/10V due to the voltage level of the
electronic circuit. Using these scaling factors, the line
impedance and the domestic load are transferred. The pole
transformer is imitated with sine wave at 50Hz generated
by a pulse generator. The line impedance, 0.150+j0.100[ Q ],
includes the pole transformer, the low voltage distribution
line (100m), and the drop wire (20m). These components
are transferred with the scaling factors using the p.u.
method. As a result of calculations, it is converted to
0.372+j0.228[ Q ]. The domestic load is connected to a
resistance which is equivalent to 380W, and an inductance
is connected in parallel, which is 432mH. The inductance is
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A Structure Analysis Model for the Regional Development in the Gobi Desert
- Survey Analysis for the Energy Flow -
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This paper describes the result of survey analysis for a regional energy flows in the Gobi desert

area. We are conducted a field study to develop a structure analysis model for regional development at

Noyon soum (unit of admin.) community, which is located at 216km from the Umnugobi province.

As a result, main energy resources are coal, dung/dungcake and firewood for cooking and heating, and

there are accounted 59%, 38%,

1. 5% respectively for total energy consumption.

In conclusions, we are

obtained the main parameters and | imiting factors for equations of a regional development simplifiedmodel.

Keywords: Energy Flow, Survey Analysis, Gobi Desert area, Regional Development Modeling

1. LIS

WEEO %  EHRCBRMILIEAT, ARMDERE
THLETELWBRRIETHS., TORD, BEMEOA
ABERELS, FARNENE, BEFFOHRENEETHS.
T WEHMBOEERIMYGNAT VAOEIZRY I
TWA1H, BEK HRPMOEBREE THEHUGKEE
1Lk BIEHEERGTEQOALNERICK > THBICHELEN
EATLED " 2L THELEVTHIZERIBA N YRR
LR SIcELE NS BREREBRYERL, BRIEICHKEZ
MNTBH T ENEFESA TN S,

—A, JEMEE EEIRLF—#E (IEA) KBELF
BEVXTLHRRARE (PVPS) 1ZH1F242 X9 VIII TX
BEAGEFEE (VIS-PV) LR TALICET 2R/REHR (T
HULT, 100MN $& VLS-PV L X T LDEZ gt e LT
Fon, ZOBMESRELREIX FOBENMTDOA TS
P, ¥z, JEHBOAREI #LF—ERHE S KEERE
Ca—LOZRERBROT— BN TON, KIEERIIHEF
BERSBRBRETCRAGREREERLE Y. LHL
VLS-PV L R T LZOHEXEMEM R - BFANEZDEE
IZONTOMARBERIHFYRESGLN,

F RRBIRFERFER T FREREE
T 184-8588 HAHL/ & HHTFHET 2-24-16 (3 548)
e-mail: amar@cc.tuat.ac.jp

*r REBRIAFRFR, HERFRIRTRE, &7
T 184-8588 HUALER/ & HHHTHET 2-24-16

TUAT Kurokawa Laboratory
130

_87_

2. BN - XREHE

FHRARTIE, WEHBOMNEIISTLEERLEOREL
BRI RETHORMEAKICT S0, EX-ER
NDBEFRBELTIOMETINERET D, BKOEFER
BAILOBRERFLRENBEIDOREZE(IL#H
MET %,

B FELTNEOESIHEET ST ERERED
METHAYILET S, VILIKTRELO—DTHY,
SEMBOTHME Y DLIZEH 2 FAOAOL 450 tHH#EH
Wb, AAEER 3.2 Ak THY, Yohtr2—i2#
440 ADVED . HBRIOE =L EDH R - RENGHBED
BEEELGLL, BEARAZ—IBETINERET S
SHIZHEDFEEZE IS < Lz,

ZITIk HBRHBICETSIRNLF—BRIO—OR
HHAES L USPHBRERRT 5.

3. BRAR
HEBEAREDATETLEROFIRTHEL TT<. @
T—RRET 14 ARHBOMEHT -2 EZMI LT .
BYDLOHHEREL, 28T 5. TL T, QR
L& >THERYRBE, 77— MREGEZETS5. AR
BEMASHEOFTEMEZHET 5. @FET VT 8%
HEOETNMMERT 510, BRSHETIZELIZELT
MEIJO—-IXNE—BRIN—BE2I70—ZEEL,



FERIAIRIY Papers

March 25, 2006
131



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
132



FERIAIRIY Papers

March 25, 2006
133



8th TUAT Photovoltaic Student Think-in

I ERREHUISER S DT T VRS « BIHREIC LS HUIR Y AT A DT
B T RFERER LEHEFR
Adiyabat Amarbayar®, 2JI[¥58)
1. @FLaiz

EHR O % < ITHRHROF RIS T, ABPEE T ETHULVWERERETH A,
FOlh, HEARO A DBEEIIEL, ERISELE, EFEOHENRHBETHE, £z,
WO HUE DA RER TP 72 N TV AD BIZER Y 3T TV B8, @R, R oE R
£, THEYLKERICLEBER LR EOANSWERIIZ L - THBICHDEEI EATLE
AU ZLTHE LN EHICEERNE OV RETE O VI BEREE2BIIERL,
GRGICHEZ T LR EFEESh TV 5,

—J, TrHEL, EEET RLX—RE (IEA) KBEYRES AT AFEG B E (PVPS)
BB XA VIII [REBEKEERE (VLS-PV) AT LCBET AREMNE] 2B\ T,
LOOMW #% VLS-PV v AT LOFEaFE/mM Ll LTHEF LN, TOMERECKEaR FORK
BT T AY, £72, Srigo X 30 X —GFT & KEEME P2 —1L DR
BERBOT — ZETHITON, KEEMIIRELRTSERE T CEMRERME LR L,
LasL, VLS-PV A7 LEOFHEENHIEH S - BE~G R DB OV TOMZEHEIT
HEYRYEL RN,

2. BW - xI5EH

AT, WDEMIKONEIZIE T 2 AEEEDNE LR RFEEI O 25
T H7, EE - - BRHOBELRELTOIAWETNVEEET S, BUROEERAFZ 1
NOREBETE FEENRBIEHORELE ZEL2EN LTS,

I I TS A € o INVEOBRBICET 2 I BEMEONE THL Y v LT
5, Y ULNITHEMNO—DTHY, ICHIROFH LY 74128 2 FAOADLE 450
HERVNE, ADEEIZ 3.2 A/km® TH Y,

YT b AR 440 ABET, HUKR O (&80 RBAE Noyon soum) |
tEER L otts - RENZFEMBEOEL /D
L, RAERL 22— RETNEEBES [ ik RT L OB RS ]

B T2 I HBROFEH 2/ h s < Lz,

A

A
EXiHBEORBLETILOBE
(BEFBELP) FEXZST

3. WFFEHIE
AMETNVEE L LA f 7 —Fr—t [ ~>+u7r-m:ﬁ'ow:§§'n\#ﬁ J

DIEITHEE S D, 7 —ARAFZT 4 @ G

DREHT —FZ 2 ML LEGWTT 5, &Y 7 5D (#essmsam —wsscceernons |

BEEEEL, 285, £ LT, BHEhHR

Lo THEIWVAL, 77— hRERE [~>+u:r-m%mt&a#ﬁva%m-s?mnma#m;mg ]

AT 9, AERBRH O oo TERIE A i

T 5,

1 ERREET VSO 70 —F ¥ —h

* T184-8588 HFEN/IN&HHTHHT 2-24-16 BJIVEEIAFICE, e-mail' amar@cc.tuat.ac.jp

TUAT Kurokawa Laboratory
134



FERIAIRIY Papers

March 25, 2006
135



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
136



FERIAIRIY Papers

March 25, 2006
137



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
138



FERIAIRIY Papers

March 25, 2006
139



8th TUAT Photovoltaic Student Think-in

TUAT Kurokawa Laboratory
140



same conditions except the radiation which was reduced to 0.5
kW/m? with the PV module simulator. Observed waveforms
are shown in Fig. 7. As shown in Fig. 7 (c), the program
with the function (3) yields smoother MPPT operation than
the others, which requires 23 sec for the approach. In case
with the function (5), the approaching decelerates after the
switching to the conventional algorithm as shown in Fig. 7
(b). It takes 49 sec in total which is longer than 39 sec in case
of the operation following the conventional algorithm shown in
Fig. 7 (a). There can be room for improvement in the switching
between two algorithms.

Fig. 8 shows the observed waveforms under the simulated
PV characteristic with 7' = 25°C, F'F' = 0.8, and Pyax
= 945 W. According to the definition, the F'F' becomes
larger, the shape of I-V characteristic is getting closer to
a rectangle, which makes the slope of the proposed linear
function higher and narrows the difference between the Vs ax
and V,.. Therefore the linear function is approaching to a
vertical line within a narrow voltage range. As shown in Fig.
8 (b) and (c), the observed performances are quite similar,
because the difference between the functions (4) and (6) is
not to be larger than that between the functions (3) and (5).
The approaching time is 34 and 35 sec respectively for the
functions (4) and (6), while the conventional method takes
45 sec. In the same condition, the tests with the radiation of
0.5 kW/m? were also carried out. As shown in Fig. 9 (a),
the conventional method takes 31 sec for the approaching to
MPP. On the other hand, both the proposed methods reach the
MPP within 16 sec as shown in Fig. 9 (b) and (c). The same
approaching time can be caused by the very close crossing
points of the I-V characteristic and linear functions (4) and
(6). The difference of the approaching process of the observed
I and V could be attributable to the difference in the slope of
the functions.

The measured time taken for the approach from the PV
simulator’s turning on to the MPP is shown in Table 1. The
*High slope’ means the functions (5) for £'F' = 0.7 and (6) for
FF =0.8. The "Low slope’ means the functions (3) for F'F'
= 0.7 and (4) for FF = 0.8. The measured time taken for the
approach to the MPP is reduced from 22 % to 48 % compared
to the conventional algorithm except one case when it takes 49
sec using the fimction (5) under the condition of 0.5 kW/m?
and F'F' = 0.7. That is caused by the long approaching time
after switching to the IncCond algorithm. It takes only 20 sec,
which is bracketed off, from the PV simulator’s turning on to
the algorithms” switching point.

Then, the response against rapid radiation increase and
reduction between 0.8 kW/m? and 0.9 kW/m? were tested
with the conventional program and the proposed ones. The
same 4 functions from (3) to (6) were used corresponding to
the F'F's. Against the radiation increase, similar response to
the conventional one was observed in each condition, which
could be following the conventional algorithm judging from
the operating domain. About the reduction step, each transient
response was larger and longer than that observed in the
increase. Each operation was also within the domain controlled
by the IncCond algorithm, which was cleared by the observed
response of V. Examples of the measured response time

FERIAIRIY Papers

TABLE 1
MEASURED TIME TAKEN FOR THE APPROACH FROM THE SYSTEM START
TO THE MPP.

FF, Radiation  Conventional High slope  Low slope

0.7, 1.0 kW/m? 61 sec 40 sec 37 sec

0.7, 0.5 kW/m? 39 sec 49 (20) sec 23 sec

0.8, 1.0 kW/m? 45 sec 35 sec 34 sec

0.8, 0.5 kW/m? 31 sec 16 sec 16 sec
TABLE I

MEASURED RESPONSE TIME AGAINST RAPID RADIATION REDUCTION
FROM 0.9 kW/m? T0 0.8 kW/m?.

FF  Conventional High slope Low slope
0.7 1.10 sec 1.12 sec 0.74 sec
0.8 0.88 sec 0.66 sec 0.84 sec

for the reduction step are shown in Table II. The response
time is varied but within the same level to the conventional
algorithm. The IncCond algorithm, which can keep tracking
the MPP against rapidly changing atmospheric conditions,
mainly controlled the operation around the MPP.

VI. CONCLUSIONS

A novel MPPT method for the module-integrated converter
has been proposed. The proposed method takes full advantage
of the known PV module characteristic. Identifying the domain
without MPP, the operating point can rapidly approach the
MPP using a linear function. In the neighborhood of the MPP,
the algorithm is switched to a conventional IncCond method.
Circuit experiments have been carried out with the 100 W
class inverter using the proposed algorithm. The measured
time taken for the approach to the MPP is reduced from 22
% to 48 % compared to the conventional algorithm. Against
rapid radiation reduction from 0.9 kW/m? to 0.8 kW/m? the
response time is kept about the same to the IncCond algorithm.
The proposed method is quite simple so that it can be easily
applied to not only IncCond method but also various MPPT
algorithms. The linear function can be replaced to the higher-
order function, which is to be the future study.
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1 KW O KIBXFEE S AT AFFEMIZ 660 kg D &4 REZMET D LITk B, é%&,%/;—
/m¢@mm%e?mm 1MN®X@%%%iﬂMn®ﬁfk@é®f KEAEEL 2711 meY

TR RIHI R, 2T 66 kg-COJm” L EHE SN A,

—ﬁ BAONTAOEREL ) OFEHOZ &mFﬁ&WEm,0M9@00ﬂ¥kwbmrw5@
DT, ﬁf“ét@fiwﬁ* CHATKREBERENK 100 50 ZFB(LRFFEHZHA TN A Z LIt 5,
IORSHEELERICEETA L, THAMOREERE L T2 TESTHEORLmEmEIC KB
HKEMBEEATLHZ LIZO0T, _ﬁxftrﬂiﬂ]ﬁ%ﬂxj%@ﬁ“@\m;t#éﬁ%z%ﬁ‘(%%“)T%é

—REFEOBEIL, RIC 40 OEMIC S0%DBAVETEELRT, HMHZORREES LT
ﬁuismqox%%ﬂ%/;wwm%ﬁéﬁ% FHIC 2mm@®CQMﬁJ&D PR T3
3360 M ICARYS T 5, SF 1 40 EEOEHNE, E3IRLELSI, BLZ 10008 (F=2a—k6
@ﬁgwﬁﬁﬁmeﬂﬁww%ﬁ%é&wzé KIEHFRED CO2 HEHHMHEIDRIZE 72 LV bF-

vy
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5] TM2D K5Et = 66 kg-CO,/m2/E DN

1M2DERMH = 0.649 kg-CO,/m2/FEDIRIR

4010 ) B ARIZ3KW-PV F=Za—h6EH DFHH

B3 JU—2PV: ZEERFEHHIDFIZNR & FMDORIHR D L

KEHICTHIRRAENEE RA Y 2PNV TF AT T v 7 T ADKBKEEHRE T T FHIE
WICE BRI TWVWD, LEIZ1IAFY Yy FOKRBEZEWKLE S THDH, EEHTZ Y —> PV
TR, 1 FFxFaTy b 7252AOKMT Y — PVOBEKRSIFIZONWTHEELTA LD,

ek BARICI T D KEFHFEE S AT LAPEHHIRE 66 0g-CO/kWh/AE % F W TRET %, BA
DFEHER 72 KBS FE BRI 1000 BRI L, #121E, PESE (7748 ) TiX L5 %0
BRI RIAET N D DT, FiMANZ2RET T 1.0 kg-CO/RkWhAEDHIA RiAE N5 (ER
WIZRIE DK N RERIEONREEZ D EZNLVHRIIREVTT), T ANATHEOED v
2(7 DAY HTF)THIL 1.6 [FHROFEEREN FLiAD H DT, 1.1 kg-CO/kWh/4H D P H FI A
#HTX B,

1F¥uTy hOKBERETHHE 2252 kWh/m2/4E (7 7748 MERIE), > AT AR
0.72 CHHE TS L, 1640 5 kWhEDORBER L 25 Z b, 1640X1.0 77 kg-CO/4E=1.6
b -CO/EDHIWEPRHE IND, AABFRE CDM Ynvx7 b CTR/AODOHED L LTI
NEDO ([C LB WY 72 FZ VBRI 0P BT, 6.2 5 h-COMEL SNTWNAWIMNG, 5k
VFR 10 F kW RBREDO 7Y = 7 F 2 1T, SLIRIC CDM ORI DB L 725 2 L N gh
5. DAES 10MW RE DO KB EIEEY A7 L% EZ 110 12, PV2030 2EE L TV 5 RKF
M (KR 7 &) SR oOmEg 82 BE LS 28R L T LEEREE D 220bH
5LIICRZ D,

6. HRDKEKBEAEES X T L

BHHIZCHE LD, IEHOREHEOHYEICT U Y FOMETHFB LICHDL T L RAay k.
77 b (B 2.6MW, fefé sSMW) ZHFRA L (K4), £72, EEORRMNOKBEREE
IR T RA Y DI a~ViEBO YRR KO~~~ KIGHFHEET T > FAMW) b7
MIC& 70T, 10MW H AT CTHRZKEKEHEBEOMBIZ OV THELZBFN LV, 2MW #%
FTO—BRKERAITRTN, BAUTWHWDLIHOHH50H Lvkw,

RA Y THKRWTIALF A HT v MEOKILT T o FBEFR STV D DT 20 4 MR FEARS
FREENDBEOEY HE (BEEG) (X2 i3 Tng, 7 U Y FTOWETIE, 4 it 11
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LD 2 DFTIZH D3,

7 UYFHNORPS HIEIC £ 5 L OB ER I,

WK CEECHFHBBMENTLT 2.5MW (Z

X4 7U9T%ﬁ®7b13vh #4%@2

#4 BHAOKDABAEREIS b

ELTWWS (R SMW)

No T8 3| PVE= FUARR EinfE | ATARES| PVA—A A2 1IX—5

s, N = 3 K&S Powerlight  |Siemens
1 |[za—anmEy DE | 63MW |KFN/SHBE | Jan2005 |20 i lisham Siniot
2 |oAvsA—5uF | DE | 5MW |ER®RARE | Aug2004 |GeoSol Shell Solar ~ [J1eMmens
3 |Ea—niaszvk DE SMW Bl ER 2004 |TTS- Spedition |BP Solar

ST e AZ, o Jan 2005 |(,,_,,. ASE/First Hantrex

4 |rFA—en us | 459MW 4B update |7~ /¥®H IsoarBP  |PV-150
5 |~ DE | 40MW |EAzE Voltwerk gmgf

o : Photowatt/
6 [y~ DE 4.0 MW Aug 2004 |City Solar Aefcnin
7 |H4€ns—n+¥— | DE | 40MW Sept 2004 BP Solar
8 |5vFata 8@ 3IMW | KTENISHIER
9 |LvsantEy 33 MW
10 [&L T | 33MW |Fixed/HorizN-S

2 AZ KEN/SERIE BAE
w2o 4 )

M | FLRayFEE Us | 25Mw BN L FIFER
12 |[7ay7—5FGeE | NL | 23MwW |BIPVER Shell Solar g%ﬂs
13 |saAr.za—xve | DE | 21MW |BxER geens
14 [hy ALy DE | 20mMw
15 |74 ask DE | 2.0Mw
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AP T

K5 O — JLRav b OKEEIEHTERER)
BATWATLAEEI RS A TTEILNTL !

K6 BiEAN—8 AR
30kVA(Trace #tE)MD4t, Lr< DA
DEATHRELNEA, LWTFhi
BEyE

M7 7UJFBNSTAREVE— (FEZVAMZEEREEEATLA)

X5 i3t AKFED 1EERT LA THAHD, SFETRELOOFTIE Lo & LHEZERKE
BT, ROTLAWNSRE—FDODT L R34 7T TEBRL TV, #5073 5% M #RR
F—ZNHEHEET VAWK L TGERRZ A N 144 THHZ ENGD, BT T2 hDA N
— & - FHEERMRIITRTE 6 D & 5 B OB TR STV e,

£/, BROEMD 2FE OFEEIZ1 FATRPS M kWh BETEX 522 R LTWT, 7
VIEATIIELYEOFRE= R b (BUSEEOBMR) SRRV L Vo T ORI
W, FRAICREATRETOT =7 AU 28 BREENLT LAICHRIBFELTWE LS T
bholr, RETHEELIRRTIZ 148 L MNkWh £ 2R " AEH THANG kKD = 2 M &Y
VERIAD 6.3 7Y MNkWh 25ERKFIREE LTV 5,
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&5 BHET LAARAOMERE - BFLE

EE - KF 5.25 1,250 4.75 21.1
EE - AR 5.25 1,630 6.20 16.1
BRE —KE 5.50 2,350 8.55 1.7
BR - BEER 6.50 2,450 8.25 1241
= 6.00 2,030 6.75 14.8
SEK — MW 4.00 2,200 11.00 9.1
EEd- Rk 3.00 2,400 16.00 6.3
SR 20FEMITCEHE  7UVTENRE

FEEG BIZHRALEI 2 v~ 1 REEEGE TEERZ L —F VAT AT 56 10 kmEE
BE - AR OFRPIZ 2 b ae T AMW 77 v MR 2080z, TAEOTMEORISENH
SEFEEWS ZET, VLD LWEREIZZOELTESN, L EADT VA EFi4IZE
DA V=« Fa—E O NDIL L, REOEOOENEESZ 25, BIRZELE
TR T —FRLIalAny s Ay ERBICS— AV AHOES - v NE KW OBE v R ¥
— c AV —TRHA N —F Tholr, BINOKEL AT AFEELZOA VA—FTHREVOL

S5ThD HEEIZSH).

NAYDOEEG HEDT T b, TUVARENBEIELLAVWEWTIZNWES T, K8®
Ol AKRBICH -, Lo, EE1IELMNRIBLTWARWIEhEY, BRELTLEST
B0, RO oNEEPa— DI 7 ASZEIE-ATETCWBRIRKRTIE, EEGD20FE57 47

(L Db,

BIR:]

SET7Y T COIEATask 8 T =V —F—HLbAF LEERICINE, o770 b
BRENHTEY, QIR TBMW AT 4y H—F 0 N 720 hTit, MEHEDRWAM A
HEARALT7—AVBEORIIUKELEZED Thd, “OHFE2E 107,
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1.25 MW 1.25 MW 1.25 MW 1.25 MW

TT? TTT TT? ?T?

PCU
1.2MVA
MSS 400 kvA each

04KV NS 04 KVNS
2 MVA 2 MVA
20 KV MS

S S5MWSA JIYasi—52 K 50 hOER

10 SA4TYLH-—FVF TV FOBRBEAHES (EAFIES)

EREICE N R TEREIERMICHRRERPVAL—T7ThHEE2—La®y D EMW L
— 7 DRI TH B Part 1 33 LR Part 2 ME 5 2004 FE{- 2R LT S D|RISE LU 53,
ZL DEBBPABEENTWEDT, TOAF—IDORESPEETE S, SMW HE# L —7
BHHZEBERENTERVD, ZOVATATYH, 714 ORYFFHITRTAREZ R T
LOBAHEENE RS

KEIDKBARKETS » MEWIEZ, Fl2IECDM ez 2 FERb s TEMI IO bEE
LT &%, BELEE) LTHLMELFERICEZZD, WhEThHAI D, Zixhi KBS
BRKREA v A—=F3E50E ZABFRZIIFENDRNL, EERBSRS DS EPEME OIS
HT 3BT EREREMBENOLSICR LS, BAILIZIEEAEEBRLNWERTH B,
BERER VAT LABRBEDOKE TCRBEE R NNT—F 4 MR, BT AV v MR THRENEDR
BEREAY « RRYTHIFEDI 22— UF L 63MW 77 FEFEBT TS, BFT72 MIZ
D1 AFETHARKTH D, ATEPEROEFBIISHE2X 20 IBIRI VR T7OHET T
NEGFET 10 MW KEBEBEBHE LR LTS,
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Performance Analysis of Portable Photovoltaic Systems based on the Demonstrative
Research Data in Mongolia

T IZXINN TNy )L *

Amarbayar ADIYABAT

2 )l & By *
Kosuke KUROKAWA

Abstract

This paper describes the performance analysis of small scale photovoltaic (PV) systems based on

37 sites operation data in Mongolia. The NEDO of Japan has performed demonstrative research on

movable type PV systems for nomadic lifestyle in Mongolia. We have detailed analyzed the field data

obtained by this project. The whole system losses separated into 6 items, also the cause of system

failure investigated. From the results, many functional failures of the batteries and the increase in

battery loss, array capture loss, and high load mismatch losses, user’s bad managements of load were

observed. The main reasons of failures are oversize and underused of the systems, also much

evaporation electrolyte of batteries, due to low humidity in Mongolia. Stand-alone PV systems

evaluation method was improved with combinational use of parametric analysis method and time-serial

simulation method. Also it was clarified the general weather conditions and important points that should

be considered about PV system designing in Mongolia.

F——

F:BSNMOKBAERES RT 5, ERT— 5B, EEEETE

Key Words : Solar Home System, Measured Data Analysis, Performance Evaluation

1. [FCHIC

MSNEID KBS HFEES AT A (SHS=Y —F —Hh— A
VAT AL BN D) IHRRUORER FEOEELHKIC
BOWTITE R L L THLERBRETHS. 20120
R & E TIXEBR R b EFHEE CRa T/ a Y
=7 b - EREREB P ER S TH.

L L, B8 TIIRVEBETH HEE Y — & RARRF
EEREHONME, =—VFOMBRRER LI BRMr—R
b EMI- o7, FOBAO—L, M/ D PV
VAT LD L FEGR IV OBHTFEEE (DSM=F
T RYA ReRx—TV AU b)) LBRFERICREERS
NARMEE O LIThD. 0L eIt st
RIZHOWTIE, EBE=RAX¥—#E (IEA) OKBIERE
VAT LMREGHEHE " (PVPS) IZBIFBF R 3, 9D
EHNCLoTHA T4 UoBELHHATNS 2,

7o, BRI EL bV O RE, REHCBT AR

*1 R LAFRFRLFHFEHFE (T 184-8588 HuHh
/NG 3 1 FP T 2-24-16) e-mail: amar@cc.tuat.ac.jp

2 HERIKE K¥k #&ﬂ%ﬁmﬁn% %
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Vol.31, No4

HOEE, EBMOBEERR L 2 AT A0BBORN T
A, HIERERICRIT 5 R A B2 2V, PDunlop K5
TSI KRB AR E S AT A0 - EEETORRITE
BHOREFHIH B LB LT3 Y.

MR KBHARE S 2T LOEEHREDOFMEFEIC OV
Tid, IEA/PVPS # 27 2 Ti3, EBEEAEEC 61724 |23
DE, VAT AOEAMRELTRT/NT A—F | L BEHES
EPMERSNTHS 9. LivL, MS/IVEOKBEES
AT HIZONWT, FHIRCU R T LAOE LSBT 5
RSB BT HAgu.

AT —=NDRENCKBHFEE S AT LMILEEEEL &
FTERNRTA—Z BRI - BRI DR T 2 ERT
LT EN—MHITHD. LAL, SHS DL 5/ NgtED
AT AZIEa R NAEDND -0 AIEBR 25 = LIk E
NTHD. ZO¥, AT ADOBIECHREE T EEAH
HANTIE BRI LK,

AHETIIRERLETHEEY INOEKEICHER X
NI MO KBHREE S AT LRt R LTS,

EANVELAODK 33%I272 5 80,8500 AAS bk
DRFET, ZOKRENFE L HITHEZ RO THH 24

KT 2 ¥—
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TIXINPTRUNYL - B

VIETAFELELERR THS . HoICHAERNOE
HEWETHZLIIE#ETH Y, MIHBROBHEKE S
AT LANRLELRD. B ANVEBRFIIABEREES AT
LB AEFERAZAMTELTWA Z L 2B L, KR
OIER (FV) %8BT NOFFY—F—4)VEtE)] %
THHLTWS 9. KRB AT L% ¥ATH ETE
ALV DORBRBFERETER F A NHE T B RERIRR R OFF
i BE4 2B RO SN TV A.

AR T, M/ KHHRE S R T LADOFERARTF
EERAL, EBITHE "OEJTF—FE2ERLT, =T
MZEITH SHS DEMEREEL v AT LAOEREL E
BT HZ L 2BRETS.

2. MI/NRKBARE D X T LORIEHRICONT

B xX— « EXREITRE MR (NEDO) 1XTE
VENZISUNTIERR 4 FFHED & TR 8 4EFE £ TN/ M D
KFHFHEBE 2T A (Fig.l) (ZOWTEIEHFREITo 7
T OEIFRFED BINZE Y IVOEEEDHE L AT L%
T4 =N RIZLT, EWh - 4 = FEORDMERES
te SHS /NG RAL, wTHkdE: - (Bt LA X5 Z LT
Hot=.

Fig.1 Solar Home System in the Nomadic Family

1993's 50 sets systems in the area
around Undur-Ulaan in Arhangai province

1992's 100 sets systems in the area
centering around Harhorin in
Uvurhangai province

1994's 50 sets systems
the southern district of
Uvurhangai province

Fig. 2 Installation areas of Solar Home Systems

EIFFRDRKE L AT LAORBX SRSV DOE N EE
R ONUEEICALET DT TN HA B NVRY v, T
N HABG TN T Rl ETHAHBTH T,
Fig. 2 IZRTHHUBIZ R 4 BN DAL 6 FREZHNT T
BEH200 EDOV AT ADERE S, EIEFETHONI
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3. RIARDKBARES R T LOMAK

FIFFEDO KB FEES AT LT Fig. 3IZRT L IITK
BEhr=y b, arbo—Na=y b, FEha=vh
NOMR SN TS, ER 1028 DFE Y 2—/L 2 F &2 WEFNC
EmEn=7T LA OHDIEF¥r—Yar be—7 (CC) %
ML TEBICE X SN, A /3—F TAC (220V + 50Hz)
ICERShARICBHET 5.

= Photovoltaic module ~— Pyranometer

\ / ~ Thermometer *

R W YA W A
LAY y.“ )

\ \ mn
/ . ) Y\
PR S RN
L’A.-r-yrr;r‘n I.‘ ,""-‘
\‘i\ //"’ L~
%E\@
<]

<Pvunit> Source: NEDO”

Support leg
Diagonal brace ©

Anchor pin

/ /
- Plug recoptacle /'

< <Battery unit>  <Control unit>

Fig.3 Overal| appearance of the Solar Home System

HEVH RS EEMIL PV ARICHED b TRV, MURE
v ANV TAFENELORFR T o 7272 12V-70Ah (¥]
FEFED VAT L THE 100Ah) D EBHEHR N v 7V —2 ANE
Yl CHER S, EFEhOMERARAKAE 3 A, K
WEEL 10%& L, ARCHRAKE, S04, TLresf
ELT, —HT28MWh £ THRTED LIRS T
5. EBROAFHICART LY, #ETRENR—BIT 3-5FF
MBEFER SN/, Table 1131 KRVATLABLINENE
WEL 2K, SRVAT LADHBEE TR LTINS,

Table 1 System specifications

1992's Syst 1993's Syst 1 1994's Sy
Array Rated Power | 204W (51W x 4) 204W (102W x 2)
Panels |Angle Variable Two-split table
Structure [ A ray angle | 30° 45° ,60° 73'—71_-—7
Legs Built-in type
PY . Array frames, support legs: Aluminum
Unit Frame material | =
Braces: Stainless steel
[Assemled di (mm)| L (8] xHI700 | L1 701
“Pansls | 206kg | 135kgx2 | 13 kgx3
Weight| Legs | 113ks | 65kg | 57k
| [Totlweignt| 409kg | 335ke | 319ke
| Input Voltage | DC 24V
“Ouputvogs | ACZOVSOE
| Output Capacity |~ 300VA
c;’:"i';d Dimensions (mm) | L476xD426xH555 L470xD420xH465
| Weight | 430kg | 417ks | 356ks |
| Funcons | o e evenaes protestion, and timer
;Stonur W‘-}w_‘m Y ’ ’Le-.;d:é'qig cor |
Battery battery| Voage | 24V(12Vx Zin seri
Unit | . .| Capacity | 100Ah | -l
| Dimensions (mm) ' L4 L415xD316xH320
"7 Weight " e5kg 40.1kg
Total weight | 1489kg | 1153kg | 107.6 kg
Source: NEDO"
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EVINIBY BTN RAEARE Y AT LEERRD T — 5 BT - ¥ A7 LaFl

ay ho—ia=y MIEV AT AOEGRIES BT
B-HOBEBT— ¥ HUERSER I TS, RIERE
1%, O7 V4 @AKNEE, QtVERE, OF L1 &/if, @
RyTFV—BE, O yTV—EE FHEESZT L) ,
ayira—pra=y MRE (2,3 KVRAT L) , @A 8
—ZHAhB’SH, OEMHHER B RVATLDH) , ®
REh (—&8) Thotz (Fig. 4) . HEIIOEE S AT LTI
10 3EIT, 2R, 3RV AT AT 20 HEICIThh, Fh
Fh#3, 6 ¥ BDT—FMMETEEND. T—ZIURIZH
WTi, BEDOVAT ARLRBICRBEEI N L, F-
RBFEBRORMR LI > THELZED - Z LABE SN
T3 7)_

@ Incident Total Irradiance

|

irrad
@ Array Current ® Inverter Output (W]

Al F W ‘/
I Controller Hlnverter Load |
7 y laru le N
@ Cell Temperature y L, & Baciary Vokaoe PLoad

@ DC Output Current (Esys)
® Vibrations (partly)

Teen

Data Logger /

® Battery Temperature

me

Fig. 4 Measurement |tems and Points

.
Gain | Losses

: Eff. Decrease by Temp.
: Pmax mismatch
: Disconnect. for overcharge
: Battery loss
: DC circuit resistance & CC
y Inverter loss

Perf. Ratio

Fig. 5 Breakdown of gain and losses

4. MIFHE

ERT—F D ORATRICRD B3 Fik L w7 ARERAVWE
BRIV I 2 L—va T HHERELEDET, PV R
T LADELRFCRAET HHREERD 6 DDA (Fig.5) (I
DTS
A o—2 %k
ELHEEIRE B O FE i G il D %%

Ny T ) —OFEHEREK
WHRBRIBICLE7 VA%

Pmax I A= v Fif%k

BE ERAVPRECHAETIC L 2%

iz, VAT LAOFBIZEENHERICE ST LA HA
mEDORELHEH L, 7 LA HABHRLATHR -

CNORONSNCNS)

A 3= - ERERRECFTERBERBRK L ZE L5 E
PEBMOFEBBEORKL L ER LT,

4.1 BERMEME/SA—4

Bipo-RERKICBMOND PV VAT LADMREER L
8« T B 72 DIC T RAX— 2 ERHH S TOBRMRHIC
BHELTLUTD 420135 A—2BELfEbND. VAT
LADOEAMEREETTRE EPRENE IEC 61724 IKKRD X H T
EELTNDY .

o i B K H BRI (reference yield) ¥, =4,/G; (1)
o SE7 LA RGN (array yield) V, =E,,/Po, (2
o %l AT LM (final yield) V,oE py o / Poux (3)
o &7 LA EIEFEM (array yield) A=Y/, (4

4 B ACKS B FRBEI Y, 13, M7 LA i A HRE G T
AR LA B AR H, 2648 5 DI LE 2R,

BT LA e ¥, 13, PR T VA HAORARE, (2 E
BHH P, CRIET BB ORMEY, SR AT LB
WEEM Y, 1%, PV Y RT ADFEWS) By, ¢ BT LA ERH
H) Py DITREISICAIY T B RLTVD. VAT AH
DR KL, T A BRI P, XDV RT A2ED
HEEERTHERTHS.

4.2 PLAHADY S aL—Ya Yy

BERVP,, SRRy FILLE7 LA HAET2#HES
BEDIZTUVAHADY I ab—ar&fToT-. KBE
HE 7L Z KRR M th 45 A (21 % > R (5) I K-SV THER
L. BNME, REEREZHANT, BERRAGTTO
RN ERD, BREMEL, FRMELFEIXEZBOTK
RO HEEERHT A 5L

I=1,- Io[exp{q(y';z’lJ}- 1:|- 4 ;::1 (5)

XL, It e ARGE, 1, XEERE, 7, Y12
— FRIFRNE, ¢: MTFORMR, vV : EAHABE, R,:
EARMOBIUER, R, : WHHER, n: ¥4 24— FEF,
k: BNVI< AR, T.: EVIBETHS.

KIBRAREITRAEIC L W KESKEBEINDIDOTEEK
DIRBEGRE % RBRAYIZRDIZALIR (6) 226 (9) AWV
bt '

1, =1,,{1+7973610° (.. - 29)}x[0.94G, +0.06{1 ~ex{~8G, )}] (6)
I, =1,-expl0.14132(T, =29} (7
R =Ro{1+3.415%10° (T, -29+2.532410° (1. -2} ®

- Ry
Ry 1+4.449x107 (7. - 25)+8.057510°* (T;. - 25} ®

Fig.6 (ZRT &L 92, BMERBRRGEORKT LA HH
P osc & BUE SNTZIRBE TORKT LA APy e EP
EZNHIREICEZHAETREEZRDZ. 2TOVAT A
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TEXNE TN - BB

12, BRHAROBREBIEN D, ER/MOBEN X
TODOBEREL R, HI P praing RS & V&L

729, Fig.6 ITFRT LI, BERICKAHADENREL
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Mass Production Scale of PV Modules and Com-
ponents in 2030s and beyond

Kosuke Kurokawa
Tokyo University of Agriculture and Technology — TUAT, Naka-cho, Koganei, Tokyo, 184-8588 Japan
E-Mail: kurochan(@cc.tuat.ac jp

Abstract: Japan set “PV2030” Roadmap in May 2004, in which 100 GW of total domestic installation of PV systems are expected.
Estimating 10 to 20 GW/Y in 2030s, production scale may becomes different order of magnitude from the present level around 600
MW/Y by Japanese manufacturers. If 20 to 30 lines will be operated in Japan during 2030s, this production volume corresponds to 1
GW/Y/line, which means 10 times larger than 100 MW for the present. Moreover, world total PV installation may reach 133 TW if
one third of world electricity demands is considered to be fulfilled by PV electricity. For this case, the author assumed 10 GW/Y x 440
lines. According to this basic assumptions, typical production speeds are indicated, e.g., more than 4 or 40 cells/second for each of
2030 or 2100; more than 100,000 or 1,000,000 modules/month; more than 8,000 or 80,000 units/month of residential inverters and an-
other 50,000 or 500,000 units of AC modules. Basic technical requirements for such massive production volume will be discussed and
rough images are also illustrated to indicate our directions for the future.

Key Words: Mass Production, Roadmap, Production Rate.

8) Next generation seeds in power electronics, energy stor-
1 Introduction age and transmission/distribution are also waited for as key
technologies other than PV cell/module technologies.

Japan initiated “Sunshine Project” in July 1974, which had
been seeking for the technologies of oil alternative energy with 2 Basic Assumption of Production
a final target by 2000. Since that PV technologies have been Scale
driven by the long-term vision for the past 30 years. Again, Ja-
pan set “PV2030” Roadmap [1,2] in June of 2004 for the first
quarter of 21st century. This task force for setting the roadmap
was composed of representatives from all the sectors; ie., PV
industries, house industries, power utilities, academic sectors,
governmental sectors, and so on. According to this flag, younger
generation is expected to enter the R&D of advanced PV tech-
nologies from now on.

The basic philosophy of PV2030 is summarized as follows:

1) Meaningful contribution for national energy demand
should be expected by realizing competitive cost in power utility
business.

2) It will be able to develop very high efficiency PV mod-
ules so as to realize fully electrified home, practically exceeding
20 %. Options may be a thin, bulk technology of silicon, or sili-

To fulfill these needs, a future PV module factory may be
like images drawn by the author himself as follows.

The first priority in a scenario described above is how to
handle ultra thin wafer and cells. Though there may be some
discussions about the reality of high efficiency cell by such ultra
thin wafer, it is understood that frontier of knowledge seems to
be going toward this direction if one looks at an example of 20.2
% efficiency by 37 um crystalline cell achieved by Fraunhofer
Institute [3].

According to the Japanese PV2030 roadmap, where 100
GW cumulative PV installation is expected up to 2030, Japanese
domestic market size may be assumed 10 to 20 GW/Y. Neces-
sary mass to be processed by a production line is discussed
con thin film or new break-through like paint-type cells by util- mainly on the b?_lSiS O_f thls market demand. This may give us a
izing photo-sensitized devices. future technological direction.

3) The remarkable reduction of thickness of PV cells is Tab.1 describes proFil'lction ability TeeEsaly, for rga.lizing
PV2030 and year 2100 vision, the latter of which was given by

the author [1]. Premised conditions are shown in the footnotes
of the table.

For instance, since 20 to 30 lines in Japan are assumed for
2030, a production capacity of 1 GW per year is supposed for
one production line. To raise the productivity larger module of
1.8 m? consisting of 81 cells, each of which is in 20 cm? size.
The conversion efficiency of this module is 22 % by the tech-
nology of 50 um Si crystalline wafer as described in PV2030. It
means the rated power of a module of this is estimated 700 W or
more. It is calculated that 3 modules or more will be fabricated
every one minute and 4 cells or more are to be produced every
one second. It can be said that the production speed is extremely
high.

aimed in order to avoid overdependence on upper stream, feed-
stock industries by the suppression of unit requirement of PV
cell material.

4) Remarkable throughput improvements for next- genera-
tion production are necessary, for instance, high speed, auto-
mated processes for both module and inverter production.

5) As a consequence of massive deployment, another tech-
nology developments for reuse/recycling and social system es-
tablishment for massive wastes are essential at the stage of re-
newal in order to realize really sustainable PV industries.

6) In order to enable 100% penetration to the urban resi-
dential area, it seems to be necessary to enhance the autonomy
of PV system operation or to make it less dependent on external
utility grids outside the area. . 5 L 5

7) To solve the energy problem during the 21% century by ' Ifa moduk size is 0.9 m consisting of cells of 10 cm®, re-
deploying PV systems globally, a very large scale PV system quired production speed to attain the same annual capacity cor-
having a range of 1 GW capacity (VLS-PV) will become feasi- respo_nds to 12 modules per minute and 17 cells per second re-
ble especially around deserts or semi-arid areas. spectively.

272
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Tab.1 An image of future PV industries — module production

quired, in which 700 W AC module by using 1.8 m” size and 5
kW inverter for residential PV will share the market evenly.

Target Year Year 2030 Year 2100 Tab.2 An image of future PV industries — inverter production
Premises:
curmilative py | 100 GW (Japan) (\I;SSIE)KZ Target Year Year 2030 Year 2100
installation Dretniee
annual market 10~20 GW/Y 4400 GW/Y *2*° cumulative PV in- 10% aCI‘rl\)’\{kQa- 133 TW (World)*®
annual Sifeed- |y o w10t yy* | 440 x100 'y RIS
~ K23
[r——— 1GWIY 10 GW/Y annual market 10~20 GW/Y 4400 GW/Y
ule: Line Scale x10~20 lines %440 lines 5
i Asspmedodile | 1GRICA0™ [ 10wyt e
IEE%?E?;J;I;IJ;I;I 45510 m¥Y*® | 4550x10* m*/Y*’ Moﬂﬂﬂ Tnverter m—— SR—
roduction - 10 58.5 x10™ umits
produced 1.14 ><106 11.4 ><106 AC module/month units/M*
cells/year cells/Y* cells/Y* 5 kW invert- 8350 . 3
fabricated mod- | 140x10%mod- | 1400 x10* mod- ers/month units/M*'! BESH0 T/
Mlﬂe:}/&/ear ules/Y* ules/Y* Inverter Pro(;luctlon e
onthly Spee R ) 16.2 units/min
g, : units/min*
Pr"g}‘ggﬂf&m 957x10% cellyM | 9470 x10* cells/M Alanoesimy
cells/month 5 kW inverters/min 11111?5/211’?1%1*12 2.32 units/min*'?
fabricated mod- 11.7 x10* mod- 117 x10* mod-
ule/month ules/M ules/M R 158 /X{?fs 10.5 x10° units/y*#
Daily Production: 4 AC modules/year wsy
37.9 x10
roduced : 4
o cells/day cells/d*® 379 x10* cells/d*® 5 kW inverter/year %‘fﬂltgﬁl*% 1.50 x10° units/Y*'*
fabricated mod- 4680 modules/d*® 46800 mcg)d—
ule/day ules/d* *10: 700 W capacity with 50% market share; *11: SkW capacity
Prodgchog. for 7 modules in series with another 50% share, *12: 30 days/Y,
- duIz: ee% : 4.38 cells/s*° 43.8 cells/s* 24 hours/day production; *13: 20GW/Y PV production by Japan;
P s *14: 1/3 share by Japan in the world ( #150 lines)
fabric‘a]xltedfm_od- 3123/ m.og'g 312'5/130‘1; When 20 GW/Y PV market is considered to exist in year
SR ST ST 2030, market scale reaches the sum of 170 million sets of 700 W

*]: PV2030 Base Case, *2: K. Kurokawa: 19" EU-PVSEC,
June 2004; *3: Stable market for 30 year life/replacement; *4:
Si feed stock = 1g/W suggested by PV2030; *5: module effi-
ciency =22% suggested by PV2030; *6: 20 cm%cell = 8.8
Wieell assumed; *7: 1.8m* module = 81 cells/module = 713
Wimodule assumed; *8: 300 days/Y production, *9: 24
hour/day production

Ordinary thermal diffusion process for the formation of PN
junction is not likely capable to realize such a high speed. Al-
though ion implantation process would look feasible, vacuum
process may become a problem due to necessity of air tight
loading/unloading for a large number of wafers. According to
former experiences in NEDO's 500 kKW/Y experimental lines [4]
in 1980s, it was known that additional thermal annealing is nec-
essary, which prevented original target of 1 cell/sec from its
success. It is relatively time consuming process and makes a line
much longer. Another possibility has to be sought for to attain
higher speed in a real sense. If PN formation takes longer time,
parallel processing becomes necessary, which is also very cost
consuming.

The table also describes long-term future aspects on ac-
count of 2100 vision by the author It says that PV systems will
supply one third of world electricity demands around 2100.
Considering 30 year life time of PV modules, all the 440 pro-
duction lines in the world are supposed to supply PV system re-
newal at a stable or sustainable stage. In this assumption, it is
necessary to provide production capacity 10 times as much as
2030's, i.e., 35 modules/min of 1.8 m® size and around 45
cells/sec of 20 cm’.

In addition, Tab.2 describes inverter production scale re-

TUAT Kurokawa Laboratory
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AC modules and 24 million units of 5 kW inverters. The present
switching power supply market is observed to hold competi-
tiveness by fully automated production lines. According to in-
dustrial delivery statistics by Ministry of Economy, Trade and
Industry of Japan, annual switching power source production is
reported in the range of 70 million units/year for 2003 to 2004.
Also in the case of inverters for residential PV or smaller, the
level of their needs is considered adaptable enough for auto-
mated assembly lines and power ICs. New technology seeds
will be waited to come on the stage drastically, an example of
which would be such that a power tip could be embedded in a
PV module at a time of its lamination.

3 Images of Module Fabrication Line

Various approaches are expected to make future core tech-
nologies realistic such as ultra thin Si wafer around 50 pum as
directed by PV2030. However, it is also important as a key tech-
nology to develop a handling process adaptable for such thin
wafer at a high speed. Some examples of future images are dar-
ingly illustrated as shown in Fig.1 in order to call for broader
discussions.

3.1 PV Cell Formation Processes

Entirely from wafer formation through cell fabrication to
module assembly, a kind of film carrier technology may be util-
ized as a key option to convey ultra thin wafers around 20 om’
by 50um in thickness, which may be made by slicing or peel-off
process. A single film can transport by sticking wafers on, or
double sheets of film may interleave wafers. Film carrier en-
ables to prevent thin wafers from cracking.
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About the Influence on the Islanding Detection De-
vice by the Difference in the Motor Load

Hironobu Igarashi, Kosuke Kurokawa !, Shoichi Suenaga, Tkanori Sato>

! Tokyo University of Agriculture and Technology (TUAT) 2-24- 16 Naka-cho, Koganei-shi, Tokyo, 184-8588, Japan,
E-Mail: Igarashi H@jet.or jp

2 Japan Electrical Safety & Environment Technology Laboratories 5-14-12 Yoyogi, Sibuya-ku, Tokyo 151-8545, Japan

Abstract: The household solar power generation systems that are connected to the electric power companies’ distribution line are
stipulated to have an “Islanding Detection Device” to avoid islanding when a power failure occurs. However, we have verified that
these devices occasionally have difficulties to detect islanding when a motor load exists on the same distribution line. In this study, we
conducted an experiment to figure out whether the variation of the output of a motor load has any influence on the funcution of the
islanding detection devices. As a result, we found that as long as there is a motor load exists on the same distribution line, regardless of
the output of the motor load, there are some condintions in which the islanding detection device cannot detect islanding properly.

Key Words: Islanding detection, Grid-connected, Motor.

Nevertheless, after a service interruption of the electric
1 Introduction companies’ distribution line, the mutually depending and bal-
ancing relationship[1] between the motor load and the power
conditioner prevent any fluctuation of the voltage and fre-
quency: that make it difficult to detect islanding by transient
variation of voltage and frequency within the detection time
limit.

Growing public concern about global environmental issues,
especially global warming, has recently led to increased use of
household solar power generation systems. The majority of
these systems are distribution line-linked systems in which the
electricity generated by solar cells is converted to alternating
current with a power conditioner, and linked with the electric 3 Influence of the Output of the Mo-
company’s distribution line. In Japan, the Electrical Facilities tor Load
Technical Standards under the Electric Utility Industry Law
provides that an islanding detection device should be furnished
in the solar power generation systems in order to prevent system
failures or accidents in the event of distribution line problems, to
localize the area of an accident, and to enhance the cooperative
protection between these systems and the distribution line.

However, it has been shown that these islanding detection
devices fail to detect islanding properly in some occasion when
there is a motor load connected on the same distribution line [1].

This report describes a study to figure out whether the

variation of the output of a motor load has any influence on the .. .
function of islanding detection devices by conducting a experi- 4 Tlmlng the Power Conditioner to

How much electricity the motor can generate in case of a
power cut depends substantially on the electromotive force that
rises right at the moment of the service interruption. The greater
the load is, the greater the electromotive force is, and vice versa.
Since an islanding detection device detects minute fluctuation of
the voltage and frequency and then stops the power conditioner,
it is assumed that it is more severe for the islanding detection
devices when a larger moter is connected to the distribution line.

ment and examining the output of the motor load. StOp
2 Influence of the Motor Load We conducted an experiment using the circuit consist of an
) i ] o ) AC power as a simulated distribution line, a DC power as a
An islanding detection device include four protective relays, simulated solar battery array, a power monitor to measure the

an Over Voltage Relay (OVR), an Under Voltage Relay (UVR), power at a tidal flow point, and a waveform recorder. Fig.1
an Over Frequency Relay (OFR), and Under Frequency Relay shows the diagram of the test circuit.

(UFR). Generally, it is required to set the detection levels and
detection timing to the standard value in Tab.1[2]in installing a —
solar power generation system. V—

solar battery

AC power /&

simulated

Power

Conditioner
4k

distribution

Tab.1 Detection level and time limit of protective relays in
islanding detection device

line

array

V3 AC Voltage Monitor, Ay AC Current Monitor

Classification of pro- Thetsation oyl Detection time Waturiscondan ACPT : AG Potential Transformer(Voltage divider)
tective relay RLECH Ol EYE limit (EFT analyzing) ACGT : AG Gurrert Transformer (Shur)
We: AC Power meter, Wr : Reactive Power Meter
Over voltage relay 115% ls o )
Fig.1 The circuit of islanding test
Under voltage relay 80% Is
Over frequency relay | 51.0Hz/61.2Hz Is
Under-frequency relay | 48.5Hz/61.2Hz Is

1234
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Advanced Analysis of Shading Effect Using Mi-
nutely Based Measured Data for PV Systems

Yuzuru Uedal, Takashi Oozeki', Kosuke Kurokawa 1, Takamitsu Itou 2, Kiyoyuki Kitamura Z,Yusuke Miyamoto 3, Masaharu

Yokota®, Hiroyuki Sugihara®

Tokyo University of Agriculture and Technology, 2-24-16 Naka-cho, Koganei, Tokyo 184-8588, E-Mail: yzrueda@cc. tuat.ac jp
’MEIDENSHA CORPORATION, Riverside Building, 36-2, Nihonbashi Hakozakicho, Chio-Ku, Tokyo 103-8515
*Kandenko co., Itd., 4-8-33, Shibaura, Minato-ku, Tokyo 108-8533

Abstract: Output power loss due to shading effect is one of the concerns for roof mounted residential PV systems. Because of the roof
design, PV modules are not always installed on a simple gable roof but also installed on a complex hipped roof. Hipped roof some-
times makes a shadow on itself and this shadow will reduce the energy yield of the PV systems. Other causes of the shading are build-
ings, trees or poles and transformers of the power grid especially in urban area. This research developed a method to evaluate the shad-
ing effect using minutely based measured data. This method can determine the direction of light-blocking object without taking a pic-
ture of object or the location survey. Quantitative analysis of output energy loss is also performed.

Key Words: Shading, Loss, Minutely Based Data.

1 Introduction

Output energy loss due to shading effect is one of the con-
cerns for roof mounted residential PV systems. Most of the PV
arrays have series comnected string configuration to achieve
enough high voltage for the efficient DC/AC inversion. In this
case, only a small area of the partial shading on the string will
affect whole string if the bypass diodes are not installed within
the string. As a result, both shading analysis and array configu-
ration analysis are necessary to predict the amount of energy
loss due to the shading.

Shading may be caused by various reasons. For example,
PV modules are not always installed on a simple gable roof but
also installed on a complex hipped roof. Hipped roof sometimes
makes a shadow on itself and this shadow will reduce the en-
ergy yield of the PV systems. Other causes of the shading are
buildings, trees or poles and transformers of the power grid near
the PV systems especially in urban area.

The objective of this research is to develop a method to
quantify the energy loss due to the shading effect using minutely
based measured data without taking a picture of the light-
blocking object or the location survey. This method can also de-
termine the direction of light-blocking object by using 3D con-
tour graph.

2 Methods

2.1 Shading and Energy Loss

The definition of “shading” in this paper is the situation
that the pyranometer does not have any shading but PV array
has. Only the stoical sunlight-blocking objects are considered,
moving clouds or other accidental shadings are not included.

Expected energy output of the PV array is calculated using
module temperature and input solar irradiance at the PV array’s
plane which is calculated with measured solar irradiance at the
pyranometer. Energy loss due to the incident angle, DC circuit
resistance and module/string mismatch are also considered to
calculate the possible maximum energy output from the array.
(1]

Energy loss due to the shading can be calculated as the dif-
ferences between the possible maximum energy output and ac-
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tual maximum energy out for each sun’s location because only
the shading will affect the energy yield according to the sun’s
location and other loss factors may independent from it.

2.2 Data Filter

The maximum energy output from PV array for each sun’s
location is sometimes recorded not in sunny day but partially
clouded day. This is because of the “Edge effect” of the clouds.
The edge of moving clouds work as a kind of a lens and unex-
pected high irradiation is observed. To exclude this effect for
shading loss analysis, data under the fast fluctuation are ex-
cluded using the following conditions.

1) Delta irradiance in 1 minute > 0.03 [KW/m?].

2) Delta PV array output in 1 minute > 3% of array capac-
1ty.

Using these conditions for each 1 minute, delta irradiance
and delta output for 1 to 5 minutes are calculated and data are
excluded if the delta is larger than the conditions.

2.3 3D Contour Plots

The maximum energy losses due to the shading are calcu-
lated for each solar height angle and solar azimuth angle in in-
crements of 5 degree. Energy loss is divided by expected maxi-
mum energy output, which is defined as a shading loss ratio,
and results are plotted into 3D contour graph. X-Y plane repre-
sents the sky from array location, due south is 0 degree of the
solar azimuth. Shading loss ratio is plotted as Z axis using dif-
ferent color. Shading loss ratio of zero means there is no shad-
ing effect and that of one means 100% of expected energy out-
put is lost because of shading effect.

3 Results and Discussion

Data from June 2004 to May 2005 are used for this analy-
sis. Fig.1 shows the result of site A and Fig.2 shows the result of
site B. Orientations are south and tilt angles are 26.5[deg] for
both sites. Three arcs in these graphs are the sun’s path on the
summer solstice, the equinox and the winter solstice from top to
bottom respectively.

Site A has shading loss when the sun is in west. Shading
loss ratio increased along with the solar height decreasing and
solar azimuth increasing when the sun is in west but seasonal ef-
fect is not so obvious. On the other hand site B has shading loss
when the sun is in east and the loss is observed during winter
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Study on D-UPFC in the Clustered PV System with
Grid

Kyungsoo Lee, Kosuke Kurokawa

Tokyo University of Agriculture & Technology, 2-24-16 Naka-cho, Koganei-shi, Tokyo 184-8588, Japan

E-Mail: onnuri@cc.tuat.ac jp

Abstract: Reverse power flow from a clustered PV system causes over-voltage problem in the distribution system. This paper
proposes D-UPFC (Distribution-Unified Power Flow Controller) to solve the over-voltage condition when the clustered PV system is
injected to the distribution system. D-UPFC simply controls distribution voltage level because PV systems almost produce active
power. This system simply consists of AC-AC buck converter, a shunt transformer and an injection transformer. Simulation results

show that D-UPFC controls distribution line voltage.

Key Words: Clustered PV system, D-UPFC, AC-AC buck converter.

1 Introduction

Reverse power flow from the grid-connected photovoltaic
(PV) systems increases the voltage of power distribution line. In
the case that large numbers of residential PV systems are con-
nected to the power grid within a small area, this situation called
“clustered”, amount of delta-voltage will be higher than the
stand-alone PV systems [1]. So, the over-voltage effect, which
is normally happened in the grid-connected PV system, is the
one of power quality problems in the distribution system.

Many kinds of methods are suggested to solve power qual-
ity problems. Among the most common are tap-changing trans-
formers, which are the types of voltage regulators used in to-
day’s power distribution systems. However, these methods have
significant shortcomings. For instance, the tap-changing trans-
former requires a large number of thyristors, which results in
highly complex operation for fast response. Furthermore, it has
very poor transient voltage rejection, and only has an average
response time [2].

UPFC is basically used in the transmission line. It controls
voltage level, impedance and phase angle simultaneously.
However, D-UPFC, the author suggested, is not the same to-
pology with normal UPFC. It consists of a shunt transformer,
ac-ac buck converter and an injection (series) transformer. Also,
it simply controls voltage level in the distribution line.

This paper is divided into two major parts. Part 2 provides
details of the design and description of the D-UPFC model. Part
3 contains simulation results and their analysis. The paper ends
with future scope and conclusion.

2 D-UPFC Model

To solve the over-voltage problem, the analysis of simple
D-UPFC model is suggested. Fig.1 shows the simple D-UPFC
model between a grid source and a clustered PV system.

Ir

CO—wmL
Vi Zn

D-UPFC

Fig.1 Simple D-UPFC model
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When the distribution line voltage increases, AV is
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In the equation (4), distribution line Vs’decreases due to

controlling D-UPFC.

Fig.2 shows the schematic of D-UPFC system. D-UPFC
system is based on an ac-ac buck converter (¥, < V) con-
figuration, with a shunt transformer used at its input and a
step-down injection transformer used at its output [2]. Under the
over-voltage with reverse power flow from the PV systems,
D-UPFC injects a required voltage in series to regulate the load
voltage at a desired value (100V, rms). D-UPFC has four IGBT
switches. The switches S,,; and S,,, form one pair and are turned
on/off simultaneously. Similarly, switches S,;, and S,;; form an-
other pair and are turned on/off simultaneously. The duty cycle
of switches varies from 0.05 to 0.95 depending upon
over-voltages from the clustered PV system [3]. Also, D-UPFC
controls only voltage levels. Fig.3 shows voltage control of
D-UPEC.

@—ww"‘"‘

v Zmer

Fig.2 Schematic of D-UPFC system
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Temperature and Irradiance Dependence of the I-V
Curves of Various Kinds of Solar Cells

Yuki Tsuno' 2 Yoshihiro Hishikawa' and Kosuke Kurokawa’

! Mational Institute of Advanced Idustrial Science and Technology (AIST), Research Center for Photovoltaics, Central 2, 1-1-1 Une-
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% Tokyo University of Agriculture and Technology (TUAT), 2-24-16 Naka-cho, Koganei, Tokyo, 184-0012, Japan

Phone: +81-42-385-7445, FAX: +81-42-388 7445, E-Mail: kanbai@cc tuat.ac jp

Abstract: It is useful to understand the effect of the irradiance and temperature on the solar cell and module performance, in order to
estimate their I-V curves under various climate conditions. In this study, the linear interpolation method for the I-V curves is investi-
gated based on experimental data on various kinds of solar cells. Physical validity of the linear interpolation for temperature is also in-
vestigated. Good agreement of the calculations and experiments of within +1% indicates that the translation of the I-V curve based on
the method is effective for estimating the performance of solar cells, modules and systems under various climatic conditions.

Key Words: solar cell, module, I-V curve, temperature, irradiance, translation.

1 Introduction 3 Experiments and Results
It is useful to understand the effect of the irradiance and Typical single-crystalline Si, polycrystalline Si, amorphous
spectrum of the incident light and temperature on the solar cell Si and a-Si/thin-film crystalline Si tandem cells were used as
and module performance, in order to estimate their performance samples. Their sizes ranged 2-10 cm’. They were attached on
under various climate conditions. Although translation equa- metal plates, whose temperature was stabilized at 20°C, 30°C,
tions based on "shifted approximation” are employed on irradi- 40°C, and 50°C by a flow of temperature controlled water. The
ance dependence in some standards [1], those equations can de- temperature was controlled within a nominal accuracy of
viate from experiments when the variation in the irradiance +0.2°C. A solar simulator was used as the light source of 100
and/or temperature is large. It has been reported that the irradi- mW/cm®. Irradiance was controlled by metallic thin film neutral
ance dependence of the current-voltage (I-V) curves based on density filters. For each solar cell, four reference I-V curves
linear interpolation or extrapolation is valid for various kinds of with irradiances of 0 and 100 mW/cm® and temperatures of
solar cells including c-Si, a-Si and thin-film crystalline silicon 20°C and 50°C. The I-V curves at various irradiances and tem-
solar cells, etc [2]. Recently, Marion et al. [3] reported that the peratures were calculated by using equations (1) and (2) from
I-V curves of a solar cell and modules is translated to desired the reference I-V curves. The calculated I-V curves well agree
conditions of irradiance and temperature by means of bilinear with the experiment for all the samples measured in the pre-
interpolation and four reference I-V curves. In this study, we sent study [Fig.1(a)-(d)]. Measured and calculated I-V curve
investigate the accuracy of the linear interpolation method based parameters I, V.., maximum power P, and fill factor 77
on the experimental I-V curves of various kinds of solar cells. agreed within +0.6% for all the samples shown in the figures,
Physical validity of the linear interpolation for temperature is which is good enough for many purposes.
also investigated
. " 100(mW/em2] ——"Qfs:\\ _Z'.T‘Ti
2 The Linear Interpolation Method i “— N\
The translation of the I-V curve for irradiance and tem- i py sy ""-!-\QS‘\_'-‘H’\/ :
perature by the linear interpolation method is based on the fol- E w0 “.:{ “\A';
lowing two assumptions. = W |
(1) translation for irradiance: The I-V curve is expressed by A 4 \
the sum of a dark current and a voltage-dependent photocurrent, OjaiWica?) '\%?i
which is proportional to the irradiance or the short circuit cur- ‘,\.‘%‘,‘?&
rent I, (equation (1)). [) 01 02 g3 o4 05 06
) 2) traflslatlon for temperature: The output voltage Vls‘a (a) single-crystalline Si cell
linear function of the temperature 7 when the output current I'is
a constant (equation (2)). 100
BO)=L 0 2 (L, ()L @) m
BB ie
=R D 2 (-7 () @ i
5L-4
Here, V) and V(1) are the I-V curves, I is the short circuit ;
current and T is the device temperature. 71} V) is the inverse 2
function of 7¢¥/). Subscripts / and I indicate measured conditions, e = oo
and subscript 3 indicates the target condition. ¢ oy e
(b) polycrystalline Si cell
422
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(d) a-Si/thin-film crystalline Si tandem cell

Fig.1 Measured (lines) and calculated (dotted lines) I-V curves
of various kinds of solar cells

4 Physical Meaning of The Linear
Interpolation for Temperature

In order to derive an approximate expression for tempera-
ture translation, we start with the single-diode model [4] of a p-n
junction cell:

g(V+1IR,)
I=I,-I|exp(———)-1
o 0( Xp( T )
Where, I is the current, Ly, is the photocurrent, Jpis the di-
ode saturation current, g is the electronic charge, /" is the voltage,
R;is the series resistance, & is Boltzmann's constant and 7 is the
temperature. [pis also usually expressed as an exponential form:

@

Where, 4 is a constant and £ is the bandgap energy of the
active material. Therefore, the voltage can be rewritten as:

V=k—Tln[£]+£—IRS
q A g
Equation (5) means the voltage I”is linear function of tem-
perature 7 when current 7is a constant. Using equation (5) and
two I-V curves, the final expression for correcting temperature
of typical solar cell is expressed as equation (2). The equation

€)

Eg
Iy= AeXp(—E)

©)
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also indicates that the output current I, not the irradiance, of
measured two I-V curves should be the same in order to accu-
rately translate the I-V curve. Therefore, the validity of the
translation for the temperature by the linear interpolation is
based on the basic I-V characteristics of the p-n junction. It
should be noted that the I-V curves of amorphous silicon solar
cells (Fig.1(a)) and Si-based multi-junction structure, which are
not expressed by equations (3) and (4), are also very well frans-
lated by the linear interpolation. This indicates that the equa-
tions (1) and (2) are valid for various kinds of solar cells which
are presently available. If is also noted that parameters such as
series resistance R; or curve correction factor X are not required
in the present translation equations, which is advantageous be-
cause these parameters cannot always be accurately determined.
It is known [2] that the franslation equation for the irradiance
(eq. 1) can be modified when the R; is very large. The transla-
tion equation for the temperature (eq. 2) is valid even for very
large value of R,. As a result, we have confirmed that the linear
interpolation method is applicable to the solar cell which does
not consist of equation (3) such as a-Si or tandem cell. In prin-
ciple, four I-V curves measured at arbifrary chosen temperature
and irradiance are enough for the calculation.

5 Conclusions

We have confirmed the accuracy of the linear interpolation
method for translating the I-V curves of solar cells for irradiance
and temperature, based on the experimental I-V curves of vari-
ous kinds of solar cells measured under temperature-controlled
conditions. The validity of the linear interpolation for the tem-
perature is based on the basic I-V characteristics of the p-n junc-
tion devices. Typical single-crystalline Si, polycrystalline Si,
amorphous Si and a-Si/thin-film crystalline Si tandem cells were
used as samples. Good agreement of the calculations and ex-
periments within +1% indicates that the translation of the I-V
curve based on the method is effective for estimating the per-
formance of solar cells and modules under various climatic con-
ditions. Therefore, simultaneous translation of the I-V curves for
both the temperature and irradiance is possible.
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A New Grid-Connected Inverter by Utilizing
Ready-Made PWM ICs for Audio Power Amplifier
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Abstract: A cost reduction of photovoltaic (PV) grid-connected inverters is strongly required for popularization of PV systems. This
paper describes a new grid-connected inverter by utilizing ready-made PWM integrated circuit (IC) for Audio Power Amplifier.
Recently, the PWM IC has been developed and mass-produced with the technique of class D audio power amplifier. The technique is
based on PWM inverters. Therefore, this type of IC can be applied to PV inverter, which has possibility of the dramatical cost

reduction with mass production. Availability of the IC application to the PV inverter is shown by experimental results.
Key Words: Class D Audio Power Amplifier, Grid-connected Inverter, PWM Integrated Circuit.

1 Introduction

A cost reduction of photovoltaic (PV) grid-connected
inverters is strongly required for popularization of PV systems.
Various approaches have been tried. In this study, the Pulse-
width modulation (PWM) integrated circuit (IC) for audio
power amplifier is used for the cost reduction. Recently, the
PWM IC has been developed and mass-produced with the
technique of Class D audio power amplifier. The PWM method
is used in this technique and the power stage of class D audio
power amplifier is same to conventional DC/AC inverter. The
main function of PV inverter is to transform DC into AC with
PWM switching. On the other hand, that of Class D amplifier is
to amplify musical signal input with PWM switching. However,
to the Class D amplifier, DC voltage is supplied so that its
function is considered as to transform DC into AC in other view
point. Therefore the IC deserves utilizing as the main circuit of
PV inverter.

2 Ready-Made PWM ICs for Audio
Power Amplifier

2.1 Class D Audio Power Amplifier

PWM is well established in power electronics as a basis for
inverters with sinusoidal output voltages. The application of
PWM inverter circuits for PV inverter is well known. Besides
the application of PWM inverter circuits for audio amplification

2.2 Integrated Circuit for Class D Audio Power
amplifier

ICs for Class D audio power amplifier can be divided into
various types by their functions and mass-produced. One of
them, all-in-one type, has PWM control circuit, gate driving
circuit and power switching circuit. These are almost all
functions of the Class D audio power amplifier. Often, due to
stereo drive, the all-in-one ICs are designed by half bridge
configuration. Furthermore, these ICs are designed for various
applications. For example, head phone, TV speaker, home
theater, subwoofer and all that. And the IC for home theater and
subwoofer drives at high output power. These integrated
technologies for Class D audio amplifier has possibility to grow
up more and more.

These ICs are designed for audio application, some
controller for grid-connected are needed. The closed loop for
current control is main function for grid-connected among them,
the controller is constituted by analog circuit in the examination.

3 Examination Method and Results

3.1 Examination Method

The scale down test of this study is performed with the all-in-
one type IC An experimental circuit is shown in Fig.2. The

Ready-made
PWM IC
(CM8s85)

has been becoming popular and sometimes called Class D audio DC poner i p—

power amplifier. The Class D audio power amplifier is realized R Con[rol’ l J

by appearance of high speed switching device. 39 v,
Multiplier

A configuration of the power stage of Class D audio power
amplifier is shown in Fig.l. The MOSFETs (S1~S4) are
switched by pulse width modulated audio signal. If S1~S4 are
switched by pulse width modulated sinusoidal grid frequency,
the power stage becomes prototype of PV inverter.

Las Pass Fitter

SwitchingPoserStag = = = =

Cortrall

Fig.2. Applicarion circuit of grid connected inverter

sy il | IC can deliver peak output power up to SW at 2Q load in the

s Yl Ll (s high fidelity range (20Hz to 20kHz). Instead of the distribution
I : grid, the AC bipolar power supply was used. However, it is
:J I enough to check the fundamental operation whether the inverter
ey g Y L}

——————

Fig.1 Power stage of Class D amplifier

137

utilizing the IC can be connected to the distribution grid or not.
To synchronize the phase of the inverter output current with the
phase of the grid voltage, the voltage is fed back and passed
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Irradiation Monitoring from Sunshine Hours Given
by Japanese Meteorological Observation Network
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Abstract: There are two typical estimation methods of the irradiation using sunshine hours in Japan. We developed the estimation
method combined two typical methods. This method was confirmed to estimate irradiation less than 10% of error. However, this
method is not investigated to adjust in various regions all around Japan. There are surface weather observations administered by Japan
Meteorological Agency (JMA) in Japan. In this paper, the relative error between the estimation irradiation and the irradiance measured
by surface weather observations is calculated in order to confirm the regional characteristics of the estimation method. As a result, the
mean of the relative error was negative all regions, and standard deviation was large in a part of regions. The difference of irradiance in
a cause the negative mean, and the resultant large standard deviation was caused by the influence of the season. Half of cases of the
relative error over 10% are in winter, January, February, and December. In particularly, the relative error in the heavy snow region
during winter was larger than the others.

Key Words: Irradiation, Estimation Method, Sunshine Hours, AMeDAS and Weather Observation Stations.

1 Backgrounds and Objective

Even though PV systems are known as the maintenance
free generation, they have to be monitored and evaluated their
output energy since certain troubles have been reported. An
evaluation method for PV systems seems to be necessary. In our
laboratory, the sophisticated verification (SV) method, which is
the evaluation method for PV systems, has been developed. The
method can estimate system losses by using a few monitoring
data items despite of numerous kinds of losses, which seem not
to be measured. The proposed method has estimation model of
required data items even if all the measurement data is not ob-
tained. However, it 1s difficult to estimate the m-plane irradia-
tion, and proposed model has not been enough to confirm the
accuracy. This paper describes the accuracy, especially when
and where it can be applicable, for the estimation model of irra-
diation. Fig.1 Weather observation system in Japan

2 Automated Meteorological Data

S 3 The estimation method of Irradia-
Acquisition System

tion
There is a weather observation system in order to prevent
and to reduce the climatic damage to nationwide various places
m Japan. The system has two type of the observation station,
called Automated Meteorological Data Acquisition System
(AMeDAS) and surface weather observations. There are 64 sites
of the surface weather observation where irradiation is measured,
but those are not enough to cover the all area of Japan. In con-
trast, there are over 1300 of AMeDAS, and about 840 systems
of them are measuring four meteorogical data, not inclzuded irra-
diation, but the intervals of each site are about 20 km” in Japan
as shown in Fig.1. Therefore, AMeDAS data are seems topbe 4 The Accul’acy of the PI‘OPOSCd
versatile for the estimation of irradiation, four meteorogical data Method
are sunshine hours, temperature, precipitation, and wind veloc-
ity and direction.

In our laboratory, the estimation model of irradiation has
been proposed by using AMeDAS data. The proposed model 1s
combine AKASAKA-NINOMIYA model and ITAGAKI model.
These two models estimate irradiation from sunshine hours, the
temperature, and precipitation. As for these models, the accu-
racy is different according to the air mass. Therefore, those
models are applied respectively by the air mass level in our
model.

There are some surface weather observations in the same
point as AMeDAS in Japan. It is helpful to compare measured
actual irradiation data with estimated one by AMeDAS data.
The period of the data is 7 years from 1997 to 2003. The 14
sites are selected to verify because those sites can be the repre-
sentative irradiation in Japan.

222
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5 Results

The relative error was used to verify the accuracy of the
proposed method. Fig.2 shows the distribution of the relative
error in various parts of Japan. The box chart sums up data us-
ing the median, the upper and lower quartiles, and the extreme
values. In a box and whisker plot, a box is drawn around the
quartile values, and the whiskers extend from each quartile to
the extreme data points. Tab.1 shows standard deviation and
mean of the relative error in various parts of Japan. The pa-
rameter used in the model was determined by the data of site G.
Therefore, standard deviation and mean of the relative error are
best on the site G. Standard deviation is small with the excep-
tion of a few regions. Mean on the various parts of Japan are
distributed from —3% to —11% although mean on the site G is
about 0%.

; estimated irradiation - measured irradiation
Relative error =

measuredirradiation

The resultant mean of relative error was negative value all
site except G as shown in Fig.2. This result indicates that the ir-
radiance each region. Tab.l shows the mean of clearness index
calculated y using data of days in which the rate of sunshine is
0.9 £0.02. The mean of clearness index on the various part of
Japan is larger than that in the site G. In other words, the irradi-
ance on the various parts of Japan is stronger than the site G.
Moreover, the result of three sites, the site of A, B, and E, was
large standard deviation, Fig.2 shows the average relative error
of two sites every month. The relative error of site A is differ-
ence between winter and summer, and the relative error of site B
is worse in winter and summer. The sites of A and B have a
heavy fall of snow in winter, and the estimation model can’t be
considered the effect of snow. Therefore, the site E has changed
greatly every year for verified periods as shown in Fig.3. One of
reason is to change the irradiance year by year.
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Fig.2 The relative error in the various parts of Japan

6 Conclusions

In this paper, the accuracy of the irradiation estimation
model was verified by using data of the various parts of Japan.
The mean of the relative error deviated from 0% toward nega-
tive value the various parts of Japan. The difference of the local
irradiance is one of the causes. Standard deviation is large in a
part of regions. In the region snowing heavily during winter, the
accuracy of the estimation decreases because the estimation
model does not consider the effect of the snow. Except these
problems such as the different of the irradiance and the snow
effect, the accuracy of the estimation become about +5% be-
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cause standard deviation is less than about 5%. The future
works, the proposed method is improved to adjust the local ir-
radiance. As a result, the proposed method is useful to estimate
irradiation all around Japan, and the performance of PV systems
can be evaluated such as performance ratio with the estimated
irradiation even if system output data is only measured in PV
systems.
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Fig.3 The relative error per month in the site A and site B

Tab.1 Standard Deviation, Mean of error, and Average Clear-
ness Index in the various parts of Japan

293

_ e Number of
Site Standard data
S Mean Cleamess
Name Deviation S (Cleamess
Index)
A 5.304 -7.747 0.702 103
B 3.882 -11.493 0.71 118
C 4.265 -8.881 0.708 79
D 3.39 -7.184 0.717 126
E 491 -3.059 0.679 105
F 2.545 -6.935 0.718 192
G 2.357 -0.59 0.665 140
H 4.029 -5.29 0.692 111
I 2.58 -5.318 0.702 317
J 2.977 -2.83 0.683 114
K 2.38 -4.339 0.684 147
15 2.428 -5.671 0.702 207
M 3.134 -8.253 0.698 120
N 3.455 -8.328 0.679 60
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Fig.4 The relative error in the site E and site G
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A Novel Maximum Power Point Tracking Method for PV Module
Integrated Converter Using Square Root Functions
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Tokyo University of Agriculture and Technology
2-24-16 Naka-cho, Koganei, Tokyo, 184-8588, JAPAN
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Abstract— Solar cells have a current-voltage (I-V) char-
acteristic which is affected by the radiation and the temper-
ature. To obtain the maximum electricity from solar cells,
the power converters for PV (photovoltaic) modules have a
function called MPPT (Maximum Power Point Tracking).
The dc voltage and current are controlled to track the max-
imum power point (MPP) where the PV modules feed the
maximum output power. A module integrated converter
(MIC) is individually installed behind of a PV module to
seek the MPP. One example is AC module composed of
a PV module and a small inverter. In case of AC mod-
ule, the basic characteristic of the PV module is known by
the manufacturer. The domain of MPP can be approxi-
mately predicted. The proposed MPPT method takes full
advantage of the known I-V characteristic. The I-V plane is
divided into two domains by the square root function. One
includes MPPs and the other one doesn’t. In the previous
research, we proposed to use linear functions. However, the
linear functions with high slope are effective for high radia-
tion, and those with low slope are suitable for low radiation.
The square root functions can cover the both. The operat-
ing point can be rapidly approached to the MPP. Around
the MPP, the algorithm is switched to the IncCond method.
Circuit experiments have been carried out. The measured
approaching time to the MPP is reduced from 56.8 % to
85.4 % compared to the IncCond algorithm. The proposed
method can be easily applied to various MPPT algorithms.

I. INTRODUCTION

Photovoltaic (PV) system, which is one of the important
renewable energy sources, has been increasing world wide.
Solar cells are semiconductor devices, therefore they have
a current-voltage (I-V) characteristic which is affected by
the radiation and the temperature. Most of the photo-
voltaic solar energy systems are combined with the power
converters in accordance with the application. To obtain
the maximum electricity from the solar cells, the power
converters for PV system have a function called MPPT
(Maximum Power Point Tracking). At the primary side,
the dc voltage and current are controlled to track the op-
erating point where the PV modules feed the maximum
output power. Usually, the solar power system for residen-
tial use is composed of many modules and a central PV
inverter. Bach PV module has own characteristic by the
condition, therefore the PV modules connected in series
and parallel sometimes suppress their output power each
other and make it difficult for the inverter to seek the max-
imum power point (MPP). On the other hand, the module
integrated converter (MIC), which is installed by each PV

module, tracks own MPP and feeds dc or ac power de-
pending on the system [1] [2]. When some modules are
shaded, the others independently continue the operation
at the MPP. AC module, which is composed of one PV
module and one interconnected inverter, has been in the
market [2]. The output port is directly connected with the
ac wiring. Even though only one AC module is installed,
it can be used as a solar power system. In AC module, a
PV module and a MIC are combined as a product; thus,
basic characteristics of the PV module can be obtained
by the manufacturer. Based on the known data, the dis-
tribution of MPP is approximately predicted. Taking full
advantage of the known PV module characteristic, the au-
thors proposed a novel MPPT method for the module-
integrated converter [3], which divides the I-V plane into
two domains by a linear function. One domain includes
MPP and the other one never includes MPP under the
normal temperature and radiation condition. Identifying
the domain without MPP, the operating point can rapidly
approach the MPP. In the neighborhood of the MPP, the
algorithm is switched to a conventional IncCond method.
The measured approaching time was dramatically reduced.
However, there was a limitation of the linear function; that
is, when the slope is adjusted to MPPs in high radiation
conditions, it is not always effective for low radiations, and
vice versa. Against the limitation, this paper proposes to
use a square root function instead of a linear function. A
square root function well follows the MPPs from low ra-
diation to high radiation condition; i.e. it is effective for
wide range of radiation. The range of rapid approach is
expanded more than that with linear function.

The proposed method is quite simple so that it can be
easily applied to not only IncCond method but also var-
ious MPPT algorithms. In case of DSP based controller,
only several additional program lines are required. For
the experiment, the proposed algorithm is added into the
IncCond algorithm and installed into a micro controller
which controls the 100 W class inverter. The measured
time taken for the approach from the MPPT starting to
the MPP is reduced from 56.8 % to 85.4 % compared to
the one using the IncCond algorithm.

)-7803-9252-3/05/$20.00 ©2005 IEEE 2511
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area. Considering the rapidly changing atmospheric con-
dition, only when V,, > Vg, and dP/dV < 0 are satisfied,
the Vr,, is returned to the main algorithm as the targeted
voltage V.. following the flow chart shown in Fig. 3. Aim-
ing at the V., the MIC increases the output power; and the
operating point moves to (Vi41, Int1). The next targeted
voltage Vi, 41 is calculated with I,,1. The same process
is repeated toward the crossing point X of I-V character-
istic and the linear function. Over the crossing point X,
the targeted voltage is given following the conventional In-
c¢Cond algorithm. The difference between Vp,, and V,, is
far larger than AV, therefore the operating point moves
quickly toward the proper direction.

B. MPPT Method Using Square Root Functions

By using the linear functions, the measured time taken
for the approach to the MPP is reduced compared to the
conventional algorithm [3]. However, there is room for im-
provement in case of linear functions; thus, the difference
between MPPs in low radiation conditions and a straight
line becomes large when the slope of the line is adjusted to
MPPs in high radiation conditions, and vise versa. To find
a solution, this paper proposes using square root functions
instead of linear functions. A given function shown in Fig.
4 (b) seems a quadric function but we call it a square root
function because the targeted value is given as a voltage
Vry, calculating with I,,. As shown in Fig. 4 (b), the curve
of the square root function well follows the distribution of
MPPs from low radiation to high radiation. The square
root function expands the range following the proposed
method, and is expected to be effective for wide range of
radiation.

As shown in Fig. 3, the MPPT method using a linear or
a square root function is so simple that it can be expressed
by just additional three items enclosed with double line,
which are also easily applied to P&O algorithm or the
others [3].

IV. EXPERIMENTAL CONDITIONS

The proposed algorithm is installed into an inverter for
the circuit experiments. The inverter, which is composed
of the main board [6] and the controller board [7], is de-
signed for AC module in a past project. The MPPT func-
tion is based on the IncCond algorithm. The experimental
circuit is shown in Fig. 5. The primary side is connected
with the PV module simulator (Kernel); and the secondary
side is connected with AC power source (P-Station, NF
corporation). The load resistance R = 60 €, the system
voltage v, = 100 V... at 50 Hz. The two types of PV
module are performed by the simulator. One has the I-V
characteristics shown in Fig. 2 with the condition of T =
25°C, FF = 0.7, from radiation = 0.1 k€W /m? with Pysax
= 6.86 W to radiation = 1.0 k€W /m? with Pyax = 94.0
W. For the other one, the following conditions are given;
T = 25°C, FF = 0.8, from radiation = 0.1 kW/m? with
Pyrax = 8.05 W to radiation = 1.0 kW /m? with Pysax
= 94.5 W. The square root functions are sought using a
quadratic function. The quadratic function is calculated
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Fig. 3. Flow chart of the proposed algorithm combined with the
IncCond method.

based on the approximation using the 11 coordinates of the
MPPs with the radiation from 0.05 kW /m? to 1.0 kW /m?.
Then, the quadric function is shifted to place the apex on
the V axis. At last the inverse function, that is square root
function is given and shifted horizontally to keep a margin
of voltage to prevent touching and crossing the locus of
MPPs. For the I-V characteristics with F'F' = 0.7,

Vien = +/(I,,/0.0256) + 28.55, (3)

which is drawn in Fig. 4 (b), and for those with F'F =

08,
Virn = +/(1,/0.0662) + 35.0, (4)

are respectively given. All the functions are close to the
MPP existing domain but never touch nor cross it; the
constant term in each function is chosen to keep that con-
dition. The margin between the MPP and each function
is experimentally searched to prevent that the operating
point falls into the short current position by the error of
sensing.

V. EXPERIMENTAL RESULTS

A PV inverter was tested with each algorithm; IncCond,
linear functions with high slope and low slope, and square
root functions, which was installed into a ROM. The ra-
diation parameter of the PV module simulator was set
to 1.0 kW/m? for FF = 0.7 and 0.8 respectively. After
checking the inverter operation, the PV module simulator
was turned on. The module output voltage V, module
output current I, inverter output current 7,, and the sys-
tem voltage v, are observed with the digital scope (DL716
YOKOGAWA). Observed waveforms are shown in Fig. 6
to Fig. 9. The measured time taken for the approach from
the MPPT starting to the MPP is shown in Table I. The
"High slope’ means the functions V = 0.27 + 36.4 for F'F =
0.7 and V = 0.131 + 39.35 for F'F' = 0.8. The 'Low slope’
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Before we consider the future capability of photovoltaic
technology, it is important to know about long-term needs in
world energy tendencies and then the basic position of
photovoltaic technology becomes very clear.

The author reviewed and discussed future direction in
solar photovoltaic system engineering from a little broader
and longer point of view. Firstly, one of the intrinsic value of
renewables has been discussed specially in terms of sus-
tainability.

Secondly, some projections are provided concerning fu-
ture PV capability from world energy demand side. A stable,
sustainable scenario has been proposed in this discussion.
Necessary key technologies toward 2100 are also sug-
gested in this chapter. Thirdly, an overview of the Japanese
PV2030 roadmap is described including preliminary R&D
projects for PV2030.

The author and his colleagues have already initiated
their research works for a new type of system technology for
the mass deployment of PV systems is being studied toward
PV2030. Early results of them have already been obtained
including conceptual definitions of autonomy-enhanced,
community—base clustered PV systems and network simula-
tion for some cases.

This work is being supported by NEDO under the Minis-
try of Economy, Trade and Industry.
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