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Proposal of the determination method of the proper combination capacity for the system
combining the photovoltaic module with storage batteries
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Abstract

There were some cases that the proper combination capacity of the photovoltaic module/storage batteries
was not applied to stand-alone PV system with small loads. Recently reliability of lighting/operating time
and economic efficiency are required for those systems. Then, we categorized these systems into the
following two types from viewpoints of the possibility of other power supply, and the determination method for
the proper combination capacity was examined for each case.

Osupplementary charge of the storage batteries by the other power supply is possible.
@Supplementary charge of the storage batteries by the other power supply is not possible.

The system Drequires to accurately determine the combination of the photovoltaic module with storage
batteries.  So we proceeded the examination using "Photovoltaic battery type arm-swinging robot,” which is
an example of these sysiems. We describe that the operating time calculated using our calculation method
was corresponding to the measured time in the continual operation test of this robot.
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Fig.1 Slanting pendulum mechanisms(arm-swing
robot)
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¥} kA ThD.

INERKBEREEE] =THURENx (LHERHH
@1+0.85) +¥HEMEER+ ((0.86+ 1) /2)) - -+ (D)

TR EERE = ((PHRMRE-0.85) +F3
B~ ((0.85+1) /2)) 24 « » = = - - ©
o0, BEMOFKRESSEIL 085 &L, RHEOHER
BHRTRTEBMOKBENCLZbDL LTWVS. &
7o, BRI CZOEL 1 OFHOEEER Lo, BHiX
KBEMOREEH ZEEWRT 2L, BETHXE
BHOKREBEHOEBNE - HE, BHESRDRNEEZD
EBMMNLORERERDH DO THD. T2bb, B
BEHICIEBEEOELIIEEAN CEAT 5. Z0EE,
1 BHREBORVW—EBAK ChHE, EFEBMEFSE (=
EEMAEEHE) ~ (EEMKEEHE) + TEE
HARANRREHE]D) ] BOTHICHY L, BERETHSD.
FlizkadE, 1 BYY CHLELXBARERIIAHIL,
THARBESEHL Y EVEDIZDLRKENT EHbi5.

Table1 Amount of power generation required for
continual operation of the load

£1 AROERERICLERKBEEER

Mont | Average Amount of power PV
h night generation generation
Hourth) required(Wh/day) Coefficient
B | WomieiE | KERKEXRER | KBARER
R
1 14 186 1.14
2 14 186 1.14
3 12 184 1.13
4 12 184 1.13
5 12 184 1.13
6 10 183 1.12
7 10 183 1.12
8 10 183 1.12
9 12 184 1.13
10 12 184 1.13
11 12 184 1.13
12 14 186 1.14
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2.9 ABKBIERBEEROY Izl —va i
EALEKBEREY 2 —A (B =VEBRGT
136) 1HHEYVD, AFHAREREREZHA LLOB
%2 ThD. HEREELOMRE U TREERER Y I
L—varvHETn T AP WO (o) &
EV, ROGKETHE LK.
. KBEHRERR
EHET : B (N34° 18. 8, E134° 3. 4 )
B AL - ERA B - EAA 30°
ERT—F
ASE - REREDEETF—FITIcBNER (D 214E
AL, ERLBIEEWS - NEDOOES ® 24
Lz, BEMEEESESTR (9 90 (9 ® 2|,
s KIBFBME Y o —/VRHEE
BEF = VAEMG T 136 (Pmax=54.6W, Voc=21.6V,
Isc=3.45A, Vop=17.3V, Iop=3.16A, o =0.00230,
8 =-0.0818, Rs=0.539, K=0.005)

Table2 Amount of power generation calculated by the

b o AR . R L S e R S LU AL

simulation program
#2 ABKBARBEOVIal—va VHERER
Amount of | Amount of | Ratio
Mont | power power (%) 'Y
h generation (a) | generation (b) note
Mean Mean b/a
A | irradiation irradiation *100
for a month for a month
(Wh/day) (Wh/day)
(Pmax) (constant volt)
THYEHREE | TAPHEHE
BREI LR | AFEICLDR
EE() EED)
(Pmax E#) (EEEEE)
1 165 132 80.1 91
2 192 164 80.4 114
3 213 174 81.5 123
4 233 194 83.4 123
5 242 205 84.7 149
6 212 180 85.2 114
7 231 201 86.9 169
8 241 211 87.7 179
9 201 172 85.6 109
10 199 167 84.2 117
11 173 142 82.3 96
12 165 133 80.8 102

(note) a’'means amount of power generation (mean
irradiation— o (standard deviation) )
() BHER (ATYEFE—RERD 056 ) oRER
RoCR, £A0 THEHEHERHE] I0Xd. BE
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BFICBITHRHEERE (Pmax) (a) &EEEE (12. 5
V CRERICBI A EHEEEE)) TOREE (b),
BLOEDER [b/a %100 (%)) bR LE. TAEHA
HMEERE— o) OBRBICIARERT, KHBKED
BOOb#26 BIIZOREEPHBEOLND T L BHES
hEETHE Y. ZoRBENLEE (AFHARERS
B ICIARERICLARDRDAINI EE, REEID
BICEBIEb 0N REL, ADIBIZLALDBETEDL
NARBERBEATNEINDZ LBRDNS.

2.3 EEEGARERHOEN L TOEIE

IR D F I BB OEEBEICLBR KR EES
BRICARBZOIZ1, 2, 12ATHY (1), KBER
BERELDRVWOIEL, 12BTHS (E2). LR
27T, 1, 12 ACLERKGEREESFEHZEL TH
BEAKBEMERL RS, B, FHOOERIMIZER
1481 2AD0FK1 5FE1ADRED, FHRT—FEL
WERHIIZBIT A ERT—F ThHY, LERKBEHREED
RENCIIIFEE CTho Tz,

ERIT, BEMEHRE LS, FLT5E CEETE
Ex U, EZBRHMP (F 14, 12. 24. AM 830~%F
At 16.1.8. AM 2) XEEIFER (MKIE, AFBEE, XB
EMERE, ERENR (AWER, XBEMHAOER, 8
WMEREER), EREE) oW TEKERRELE. 20
ERRERICLY, BELOEH USRI TRERR & &
BRBERE S L —B Lz L 2RISR~ D,

1A, EROKBERE S a— A0 bBLR5 1 AE
BWREEIT 132Wh/B (F200®) THH, EEHMTR
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1832/1.14 (E10 1 A0 TXKBXEBEEFRE)) L25.
FLT, COHMOERROFHKEEASFEIZ L. 90kW
hinf/lATHY, YIalb—va VHEICESTKFEER
HE GEREXR ) 122 2kWh/nd/BTHEED, F
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85%0. 95) &%, —F, AMIKLERENRII1IAY
D 163. 2Wh (=6. 8W*24h) 72T, 1 BH Y 69.7TW
h (=163.2—93.5) OBHEMBTRL, EBRHMO 16
AR, 1046Wh (=69.7%15) RETHZ Lilinb.
LT, 201 5 BRRIIERAEOEBMAEE 24
WHloEALNSINLEEMMLIL, 1020Wh
(=906Ah (EEMAEE)*12. 5Vx0. 85) OEHIENK
BANEZ LD, 22T 0.85 X2 ORI KRS
BITES BERRER TR, EEMOEIDOET
Wk AR GEAEEMOREERES 7 7 0LHE) T
HB. LEEdioT, ZOME 1020Whid, WAEORER
LEREFELT, LR 1046Wh XL —HELTWDEE

Kz AN —




FE F - REAZ - PHKE - BIBERE - FEEH - WWT W

5. 2B, TORERLERTLRBOBEESEON
TV, INLOBREND, FELOXGEREE, T8
MEBOHEFEORE FRESEVZ L NHERETE .

3. HERKEEN  EEMHESTERORTEHE @ Calculation of value below for each month.
-"Amount of power generation required” [Ws}(Wh/day)
3.1 KBEEH - TEMESEEEOLSE

IR RT 2 b I RBERD 2 44 FWI531T 5.
[ fERIC KD EBMOMHRETR (EHELICLEE
BER) TR MFA4T7T) L5,

AWM ENDT XA TERBERMOREROL T I LE
32 <, KBHEEESN LMERIC L 2 EHNLEETHA~
DREFEOWMEAICLOIED . €Dd, 1 BOAWES
BICRB - KBBHROBFEIILERV. —RICKBER

+ - using equation (3)

(Other photovoltaic module)
v X

@ Calcuration of values below with use of “simulation program

for calcuration of photovoltaic  power generation for each month
*Amount of electric power generation per

photovoltaic module [Wg] (Wh/day/module)

¥
HEBEHOEHMNRRBERMZERT IR UICERE S @Caloulation of mambor of ohotoveltaie modal
5. o r Tk~ [RBERABHED 0 Ry b R EHRE culation of number of photovoltaic module
NICEN 5. B %%}m;m%ﬁ"iig%%m%li satisfied the inequality in Eq.(4) for each month.
ft’;:%@'(‘;ifi<’ =g . 5\%%{%@' EVBET A, ¥ And, determinemaximum number and month.

7o, KBEEMBA BRI L VAERIC L 2@HRESLER VG
EbdHD. SRAIODIATOBRTNELDELEZS.
I. BRI L 2EBROBRERT (BEHELICLDE
BRRENN) - ZZ TR F470) 0D
BMEATIT A TAKBEROREENROLTHEY b Y
DT, ERITAMILERENE, FEH1 AH Y OFY
AR, AHEDRR DO RKEBHMAREZRDH L
BEL, BEIIHBHETHS. £ L TEBHARIL, &
BMAMMTEBENIZORRIE BAE7 8/ T50008Y
WHHENDZENEN. ZOF A AT RBERRERLT -
NEST - BRI R ELE DBHITLISABNRD. £, B
BHROMEBEFRIC L 5BABILEEEEYT, ST CcEln
RHHESH - THM~OBER—FHIT/Ph S,
3.2 HWEXKEMN - EFEMERORESE ®Calcuration of capacity of
LR ZOOIATIZONT, KBERAR (KHEHLE battery using Eq.(5) for each its mumber
Va—VOBELEE c EEREBROBREHFEER 2,
307 a—HTRT, 22 CHEERNTELROND F A
TUEHRALZR, FA T TICONTERS. 28, ZZ

@ At sbove-mentioned month,

difference between values of the
right-hand sides of Eq,(4' and

values of left-hand side is large ?

—

Photovoltaic module and

month.and,determine maximum

capacity of storage battery

CRAREN BB ET B BATLEATE B v |
£, (1), (2) KIZFO—R(LZIEIH 7=, Storage battery 1 ! input condition
(1) #4710 K2 0OQ0@ODFIETEETS.

O HFEATLICAT L, RHRME (AE~8H) &8

MREfS (TBEH~A®)) o, kRicLv 1B Fig.2 Flowchart of the determination method of
0 THERKBERER) #BILIIRD 5. the optimal combination capacity(type I ).
K2z BEXKBEHN EENLEEREFE
LB KBAFEREWSIWh)] =2 (KEEHEH ova—R (¥4710)

* REfthe il SR EZIE GB¥ 0.85)) + T [BMAT LR, KB LHERK GREE) 23&

O xR~ (FREDECEE 085+ LEBEBEREFEHTS. 28, AFEFRICLZEE

D2k ] - -2 (3) DEEEBTHLEENKRE N~ T, ERRED
@ WEACKBEME 2~ 1 HHY D/ EH1 A& TR THEYBHENE- o] ORHE

ARBEXBARERWe %2 (KEERERES I 2L ICEAREELVERE L LEEZERT5.

—La HETn TS 5B 6)6) (fe29) |- @ AZLIBAERWMBRTIABEREY 2 — A HEE
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BHL, WICERREEDAM] & BN ZRDS.

> = [WELKBEEBE[WS] ~ [KBEHT
Sa—A1RbY OREBE[W])

® BKRAMUIOWVWT, TORHINIZKRAITHEAL
ENIH T BIADWERIT LY B 235 D 0 E T
L, BB EFHIEES LRV E LTHhOXBE
FVa—-NTHIHE (Q) 2FEETD. REELSRTN
iF, FORBEMEY 2 —V ERBUCRET 5.

[KBBHMEY 2 — V1LY OREE[Wg]) *&
HIN] >= B LXGERER[Ws])

o ..(4)’
2B, TOROEDD TKBEREY 2 -V 1T
DOREREWe 3FR20 TAEHAEEAHE)
WEAREER (b) 2EH 0, Totho—E82KE
BhEYa— (BEFY =V GTI36 L) Cloo
BIT[MLZEBERE Y 2 — VOB (W) +54.5
(W) 12T EEERTS.

G NEFEIRRIEAE LAZLD1BAHATNE
HEND, KRR LVEBHLEELZA T LIIRD .
FLTC, BRAOELXEEMEFRLTD.

ZEMAE (Wh) >= (1 BEHAWEN B «HFE

BRRIE B CGET 7T BRRE) ~REREGER 0.1+¥
TR ST

P (5)

; 2) #4710 [®3itky, QD@D DOFIETE

1 RT3,

O ERFIATAOQLERRIC, £FA T4 TLBRKYE
HBER] ERDD.

O EROTRD MERKGHBEER] 2HEV, KX
R ATEI TRKBARERRE[vDl £2RDD.
IKBARBERE = LELRKBARER -1 RS
HAMEHE <2 (6)

; © LRI TIOQL R, FEAOKHELEY =

ion —A 1SV OAES 1 ABEXBARERE[W %

~ AZ&iTskos, ‘

Q@ ETEMABLMERCII>@EREORH (B) BL
U, LEOQDyb %2 EW, BILIARRLHRTS
KIFEWE Y 2 —ABETEHTS. T LT, &R

DAMEHE(NIZRDS.
¥ HE>= ((1BAHANENE) — (EEHER) X
g (REEE GE 0.7) + GEEBOEY GEE 7 H))
g SEBMELSR GB%08) X (EEMETR) + (X
B BELE S 2— L ) ORER[WE) X [KH
FBEREGRLK v bl
5 (7)

@ calculation of values below for each month
+ * Amount of power generation required” [Ws](Wh/day)

« + using equation (3)

v

@ Calculation of values below for each month

+ PV generation coefficient { ybl + + « using equation (6)

(Other photovoltaic module)

V_3

@ Caleuration of values below with use of *simulation program

for calcuration of photovoltaic power generation® for each month .
*Amount of electric power generation per
photovoltaic module [Wg] (Wh/day/module)
4

@ Calculation of number of photovoltaic module

satisfied with Eq.(7) for each month. and, determine

the maximum number of PV module and month.

Y

@' At sbove-mentioned month,

difference between values of the

right-hand sides of Eq.(7)' and

values of left-hand side is large ?

Photovoltaic module and its number

: input condition

Fig.3 Flowchart of the determination method of
the optimal combination capacity(type I).
K3 HEAHEH- - EEMFEREFE
D7a—K (¥A471)

@ BRKAMIZOWT, TORBIN]ZLRIUTEAL,
ERZHTAEAOLERMPETIETEE L2
LT, fhOKBEMES 22—V THHE (O) £
T5. |EEENLRTNAE, FOXBEREY - L3
BIZRET 5.
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KB EREY 2 — N 1 he ) ORERE[Wg]I XA
HEINI>= ((1L HEHAWNENR) — (EEHWEER) X

(HEBEE GRE 0.7)) ~ (MXBEORM BE7H))
+EENELER BFE0.8) X (BEMETR] X X
BB EREy bl

B ..(7)’

7B, ZOXOEDD TXBHERTY a— N 1 KHTZD
DOREE[We]) XE20 TAEHRFEEENE] O%
BE (b) 2HEX, FOMO—KE L KBEREY 2
—/b (BBF0y = GT136 LSt) Chrz DI (M %K
BHEY 2 —VOERESH (W) +54.6 (W) 1%#T
EXRERT 3.

2R, 1, 2HELRHMR COBFEXBRERE Y 2 —
TOHBEETHIN, KEFBHITE Y 2— VT L 18R
AERDHZ M0, PTOEERBERE Y 2 — 2DV THl
RICKEBEEZHEL TR I EBHBRHLELS. &
7o, ERICKEER -  BEMETRETDHERIL, (1),
(7)) RICHEE LERKBERE 2 -1 ThB E LI,
FOME - - KES -H-BES-THFA L2 EDESR
HEEZELTRELTOLERSD.

4. KBEBERED 2—-NVORELEREE - BEE=

ba—F—

BT R EY - EEMMAS YRR T, XBEmE
BB - ANRESET 0, XREHROFEKE2 Y ha—
F—ENLTEREINS. LELWThOBETYH, Bi
BROERESEEL, EERHFOBHME - KBEEMEES
BT AURAKBERORRKENEE (BRHEEE)
(Vop) WERHBLBEENELS. 22T, EBERBIC
BIIA3EBEEEORRLD 2 DOKBEMRE Y 2 —{ZD
W, BREECLVERRKBARBEENR O L HICRR
EhEvIalb—a bHECLIOERTAZLICLY,
KBBEHEY 2 — LV OBEFHEICOVWTRNTS. bb¥
T, HROFEKE2 > ba—F—OHELRET 5.
REBEEHIZ, BIEROBINY = VARG T138 BLUHEG
T133 2R L, HEIZAE KBAREEY I 2 b—Y
a VHEIR ST A REY, BEEER-EOHEEL,
SEERMP P TEE (BXHBRHIE) BEETE T
BHBEOEMBEELHE L. F LTI O EGEFED
CIFMBREELMP P TEGROFEMBREREOLE (T4
MREELR) 2ROLOBR 4 THB. 2B, YIa
L—a VEHESRMFIRETR (2.2) LRALTCHD, EGC
T136 & GT133 MEVE, Bl—0OE/ABEFNS 36 K
BEDETHD. IhbROZ ERDIS.
FARBEME Y 2 — A ORI, KIBERMOP -V
=TI LT, FMREELRNP Y- LR DEER
BE (Zz0°ik MEREEERE) &\W5) by, TFK
REBLROEE) LV EEEENEND & SBICERMSR
BETLROLHBBET T2 L 0brs. BICEEEFE
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REWESICEBRETRELY. 72, 20 [FHEE
BEIRAKEERES 2 —VORERIBCORERHAHERE
(Vop) £974 L (LBVEE) EVWMELR-TWS.
i, HABREREY 2 — L L EMBEET 558,
BETHEE L CEETT, T22MP P TEEGICHEYE Y
BLOWETHREBELERHIENTESR. Thbb,
MEMREBE) ICEE L CEEIhiE, MP P TEERIC
HOEHER (98~99%) TEETE D ZLpbholk.

KGEML L EEN - AW 2 ER LB 0RERER
BE (12.5 VEE--- ZiRfE) TiX, GT133 TEMEX
REBHELVSUEEETL, GT136 T 15 %BE
BFT3Zehd, BELBRRKHAEE (Vop) OKHE
HWEY2—NEBRIRTAZLRKRE I L5,

FHREa L bo—F—-2REBT L2 LiICLY, BB
FEEBETEERLCHVVEREE (2 TiX 14.1V) TE 5k
¥, GT133, GTI136# I 7T ~8UEEXERHLEBEN L
FLTWE. 32bb, i@ to—F—2ES5 2L
Tk, KBEEWEEN SURE/NSVWERFTROKHE
HEDa—NEES> THHYTIBREESBORDZ L
ERLTWD., 2biZ, EREz Y ha—F -8R0 X
WRENERECEIPERHEL2ERT I 0K
ARRPBRRIREN. FLTEOHRIIEAT I REER
BEOBREHKIRr—AA) v bHPBLTL 5.
oz hb, BrOXKBEHEY 2 AT IZH 4
OB EHE, TOREROBESZEHTAI LK, B
ERABEREY o —LVOBRETHE=Y ba—F—
OEA - REETRITTETHHLEZD.

) ,
SO B % %
! : \\\ g /‘//A
.§ [ - \/; /./.‘//, -
: . 27
A % e
A
§ X : X/ e
E 80 4=~ -~ 1~ :—-—x—/{-’/f
'8 ' I// &/ /
@ GT133 / N s
§ S -_44._<§§”4§:;ﬁ
' GT136 S
E YAl §// 0 '
- ;/ ’//‘,"
i 1) : : %A . i ' ,
Tt9 10 01 12 13 4P 15 18 17 18

ZZZ : Control voltage by charge/discharge
controller (18~16V, fixed vpltage=14.1V)

Fig.4 Operation voltage and annual coefficient
of power generation
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APETRNEREENTILEROLEBY THS.
(1) MEEBCKBEL - EEMZHESELBEEOBE
RABEMAER EEBREORLD, AL LT IHDHIEY
Z) EEETEEL, ZOARWMICKEEN - EEHEFEUD
FlREBILONWT, TOEREESTR2BRLEN L
wREl, ERLERMAIC BT I LERLE.

(2) LERREEZHE X, —ROLEELEN - KB
HAETEBOXGEN EEMABOREFEERI L.
FORE, TOBREBIZTOATOREE EEMMETED
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Appendix Fig.1 Block diagram of simulation program for calculation of the amount
of electric power generated by PV system.
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