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A Study on an Electricity Potential generated by Photovoltaic Systems on whole the

Houses in Japan using Climatic Mesh Data
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Abstract

The present study estimated an electricity potential generated by photovoltaic systems on roofs of the whole

houses in Japan. In such an estimation, this study employed data on the average radiation with shading and on

estimated roof space on a 1 km mesh scale using a geographical information system. The estimated standardized

residuals, which were derived from an application of the first regression analysis, were also regressed with both

income and energy consumption data by prefecture. As a result, the authors revealed regional differences, which have

not been observed in macro analyses, in photovoltaic electricity potentials. These differences could cause regional

inequality in purchase of PV electricity surplus so that introduction of new PV systems should be prioritized to those

regions, where there are ample rooms for such PV systems. As a result derived from an application of the break-even

cost analysis, it was also revealed that the amount of PV electricity steeply increased in proportion to increments in

subsidies, and a subsidy policy by mesh is effective.
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FERRET L — 5500 BARAY 72 ARSI, BUfF o T
FOUX—FARFHE | I2h 0%, RFEEE @R
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MHEDBUR J7#HIIG U T, 2006 IR D 2030 FFHEELS, 2009
FEITIRIZE 2020 FFEIC 10 FRiE L 40T, 12020 £ T
IZ—RE RN X I 5D B FERRET R AL X —DEIA
Z10%IZET DL LR BT 2L Lot KBEHE
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L2 f% (2005 4ED 20 fi%) 1T TEY, 20094F 11 A LY
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T R E LTIE,  HARONY) A A 2 EOHEE R
TSR U CHERET 2 b 0 DINTERTH 528, 2FE T
Td o THUBR ORI A e L TUZRu, Hidsk R 2 Sk
TR, FALYEA Yy a T2 EF AT (5 H
RIK) ORT oy MR B REN—ATITo 120, [A v
a2 K EAE 2000] YOAR B SRS TE - EE R R )
A » v a2l YoeifiEz iR A EAL CHERH L, EHlE
FHD 25%IC KRB A RE LTz b DL LTRT vy
e E LTzl EFE o T 5.

1.2 RO E/ L5178

AWFFENL, GIS (HEHEHRS AT L) AV, 2EK 37
T Ay (B lkmxlkm ¥7) BN CREEZ P L
WARMOD DMk A HHTH 2 L2 HBET 5. 72720,
BUEA » ¥ 2 _XR—= A TORBROBRNESFE LRV, £
I T, HIREOH LHBFEO B RIS IR O H D H
FHE GOEMOYLE) T—4 L, AviaZ LicHE L=
REARERE D, REOT_XTCOFEBICKGIEREY AT
LEiE L LI A ORI RERERD D,

DT, KD LI ISR K EREBEORLE, A >
¥ a R AT D T 24T 5 2 & T, Al
ZRBEEOREA I U TR, & 5ITEE ik
2% R 1L X — B O E R 2 W Tolrd 5
LT, KBOLREEBOYMANHD 5 M A VEY , BORY
BEAENTS.

IBIT, MBEBERDMFEE DL, KpeFEy A
TLEDT L—T A =T a X "N EITD.
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2.1 FirET—4

A AR A PR < ARG 37 T A v v 2D H b
WHOIFEET D A v 2 (Table 1) 12BN, HEFHLZE
TRIAAEOD 30%IZ SRV ERE LI2E LT, HiEAyrad
AR AR U CHREREZ RO

Table 1 The number of meshes in the Japanese islands

IR FRAY Y 23K

22 L 189,667
kY (49,507 1H:4F) 180,491
& & 370,158

FEROFEAFNAUTAROMWMY TH 5.
G,=pl, AKT )

ZIT, Guraltill (v o) OFERMFEERKWHAE],
p . KREMZSHENER, I, a IO T4 H S kWh/(m?*:
F)], A, a HIROKPER ViR GREAREH*0.30)
(%], KMotk TR Esiak.

2720, 1) AR H SR T kW (m? e yr)] =T B 5 R
[MJ/( m*- day)] x365[day/yr]=3.6[MJ/kWh]

Journal of JSES

2) KGFEMDOEENTR(p T, BLD A —H—OFFER
DOYVHIE 014 ZEH L7z, 7o, WBhoE-5 MEEH
KRBT A SR R ARBN & HfftiAkE) OCifihxt
B LD NVERSRIE, V) kR RAER 0.135
(U 3 U EER KB 0070, L&Y% KEEH
0.080) LLEE =N Tn5.

3) MARE(KIE, BHS D IZL-T, HIADBERIZL
HIEXUREL 0.93x 3T — 2 5 v 3 FEFRAS TR AR (%)
H) 0.91x[FEEHMREL 0.94x 7 LA AfFHEARE (T LA
ERHTE ) L AafE L OREELS) 0.88 =0.70 & L7-.
) IRERIRE(THIE, SRVRENERWVTIEREEE
A RHER D Z &b,

12~2 H(—0.10), 3~5 H(—0.15), 6~8 H(—0.20), 9~11
H(—0.15)& L, 4 F¥(—0.15) =0.85 & L7=.

2.2 B5tE

[A >y 255l 2000] 056, THEERDE D & &
OERAHE] T—XEERATH. Ay va K[, 2
=9 1,000 2>FT OBLRIFTO 1971~2000 40 H HH 22D )
BT —4% %2ERI 37 T A v a (8 Tkmxlkm #&F) (CHE
ELELDOTHD.

ERAFEE, REO2IFANLDOREME T, K
TR THMAERES -V O= L — OKFiOEE A §H
BELHELAFEOR) T, ILICKBNE (SEA - AL
) LHEET — 4 0B b SRR A TR IE S v
HLOTHD., Mk = L OEFHIRNGET 2728, HXKEFR =
— R (JCODE) #ft45 L7z,

BRI, Ay vaX—20 [HFEHKIE 5 & &4
KHHHE 1, £EFHT 127 [MI(m?-day)] THbH, T
g NN X 02 RKHAHNE] ©2EHFELHE
12.8[MJ/(m** day)] ® 0.99 FH24TH 5,

7 efEHCB W CERE A S A RE B ET— 2 2
Ay aR—ATIHELRN & b H DA, KA &
THHIYHT — X AT 2EBIFLTO®EY ThD.

1) AfED 1 ARG TR, EEOHNAOEBEITTH & T
#mehEtEhaoT, Fhf 00 (M) T, KR
ZhED L MERME 3003 FE & &N D, 1AERMZBLTAD
b, R 30°TIE, KEGEEOBIRT, £DREDNRIT
AEDRIS R 72 D08, BIFKFEL W ENEL D Z L.
AR CERMY 300 L ERME 00 UK DFRE, TAXA
DH 800 MHTOBLATT — & TH D &, Fem CHIRBLIAT
D 1.20 1%, HARIXGAEESBERIFTO 0.98 %, T 1.09
HRETHD Z L.

2) F7z, HRCEERE ORI T, HEAEHRIT S EE
R LB Z/ONTRPEL 2D Z b, —HP

AR E2F LN D AFEOEE FIBNSNDLZ & Zhbh
O, HEHIFATEEH IR ETH L Y% T — X B L.
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2.3 MEEEELTHER

MR AETITIRE LT-BHIZL T Om®mY Th 5.

1) AHY—=F—0O L HICEFHENISIHT 5 & 130 2 720
FEMEZBERANCHET S 2 &,
2) CO, D « B R D SN TN BT, BARMO
PEHEAEEIMERICH 0, I - Bf~OA 2T 47
BT k.
3) MERFBIRRF~OREE Y 72 2T THEROERE LA AH]
oA R - h—7 ] BHEEFER, & A & EREDFIE
DHRIAEND HDNE TR O D H DO FE CTHIEEIZIE
RENTWDED, FEENa A b EEIDEODIEE A ED
BAESMOFEEEFRHAECHDZ L.
4) BUROAEGIAS & LT, KBEEHO HAFEEDK 80%53—
REEMTITHAHZE V. E72, 2001 D 2007 4EEET
O BRI A A GE U7o8ie - BEEEZ51HH T2 & 77%08
PR ThBHZ L0
5) EHEAELCOWTE, BERME CER#OL&FE) &
AT OREEMERH D Z L.

2.4 FEEREEOHE

EEOEEOBRERBOT — X 137202 &b, [EE -
THEETAA G 15 45)] "WoF —4 ZiiladbEs =
ETHELNDEE (k- RER - WEETR) OB
FmfE (BFEMEE LD Rz b O ER) %%
TRD, DI, HBEHBEIREOMHEY Y OIS &
Kb, £k, JICODE A5 L7z [Hk A » o = #tdt
R 17 AEEBFHA ) PO RE A » o 2 ISR TS 2 LT,
Ay 2R — AD S = R R A R D 72

BARIIZIE, —FEd), BEE©W), EREFEEICSE 1
Y 0 BHEREFEL) Z Rt LV ER L, &2 OfiEOn %
U CTh 2D BIRIRORS x O ARD 5. Hullk (M7
HIRER) 1ok, FET, BEE LRFEBEORELRIT
W B2 D, K2\ RET B HTF) Y » ORI E
KD, INEMHECNETEL LT, OB it
Y7o OFETRERA (BRER) 2RkD25Z 1%, kXA
TRT LD, FOHREORBEEEEE R CRL
2bDkinb.

(LM, /F)E,+(LM, I E)E+(LM, | F)E}/ (F+F+E)  (2)
=(L,M,;+ LM, +LM)/(F,+F+F)

KB S VImEY, SRS FTRE AR AR & (R & L7z,
OB EE O RBIRFAROBF T — X IIFIE LRV, 1)
AREFEE T, EROH 2 AEERO G, A EDORIC
& BB, BROMMHEOHEMSZME L, 2) LFEEE
LOIREBREOLANE, BRI RBIROG A1 S
WHEDD, FKERL = BT —RREENLTND
EMBNZ L&, EROEETAEEN VDG EITREOGE
MIREIU W &, RIEATRERRERY, e
TERAR R 030 & L7z,
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ik L~V OHERHRERE A v Va2 _R—A TR L= H D
28, Figl~3 To 5. Figllx, WIRIERN A D L DR
AS&ET —H %, GIS THAFIEH 37 T A v = (Tablel)
TR L, Fig2 T, 205 bEE (HH) 2 720WEGET (8
19 )7 A=, Table 1) A< k7o, Figd i, % (i
) BEAETHKI18 H A v 2 (Table 1) OEERMRE
& (ELmfED 0.8%, 1T SBUROEFE) D 30%IZ K
TEMZRE LIz e L L EORBERZ LTINS,

A vy ar—=20EHEDORH-TELDD L&,
100.7[TWhAE] £ 720, 1 A v o272 D3RR & 3kW (7=
72 LAETHIZE EE 78,760 REfH]) AdifiAFr< & 100.1[TWh/AE]
Llpoie (BUED AARDRIETER 1,000 [TWhAE]DHK 10%
FH) . Z 2T, BREAE 3kW R A B -, TEEREER) -
FRIERFIRS FEEH KGR E S AT LHARIL (2000~
2005 4E) | B 1 2472 0 O SEHE AR A RS 3.65kW T
HY, kW RMOBAB LN L1255 (Table 2).

BURF o> 2020 A8 A BAZMEI, 2,864 7 kW (=250[TWh/
) THDHZ D, MMEETEHT4H0%E E0R2 5L
12722 5—75, B0 D 60%I2 WL, A MR T 54D
FIH, Fig.l DIEENE L HFREOSZOFTSEA~D AT Y —F
—DEANBME LD,

109 -117  MJ/m?
18-120
Y 121 -123
B 124-125
N B 126 - 127
'f' B 25 - 120
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B 4 I 133 - 135
B 26 - 128
I oo - 150

Fig.1 Radiation with shading
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Fig.2 Radiation (with shading) by households
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’ b I 6,535 - 41,603

7@ Bl 41,604 - 95,765

L B 95766- 189,105

ol 180,106 - 336,187

= 336,188 - 570,632

- 570,633 - 956,667

., 956,668 - 1,666,507

: b‘? 1,666,508 - 3,442,137
PN I 3,442,138 - 10,547,397

: Egﬂ I 10,547, 398 - 153,102, 470

Fig.3 Electricity potentiality generated photovoltaic systems

on whole the houses in Japan

3.2 thigi (TRHTR) O

WIZ, KD BT MR 7 KR BEORDE, A v
2 N— A TEHLFR A D T EATH Z & T, ERRIZEAMN
A TN D i & AR AN B B Hitsk O B 2 25 Hr 5.

A vy 2T, BRI T B T KETR 72 ERE
BHZ X 0 OB NS SR (FIAZEHIHEARIE) <,
AR K E 2 BIRERED L 5 GERIC X 2R (=
07 LA~y ) Sk LT, A UAESER 72 Z2 AT (R
lkmx1km ¥67) TOHSHTAFIREIZ L TV D

IHTRIGEA v 2o (KIE - MR 2 BR<) 1%, Table2 @
WY THD.

Table 2 The number of meshes used in the first regression analysis

MRS

pODES
A2 L 189,667
Y DR LT 50,709
[HE i - s 4429
A B0 (49,507 T 4) 180,491
Ay 2 M0 i 28 B3kW A (228 T 1ik47) 53.834
Av a0 B E3kWLL | (49279 T HH#) 126,657
& i 370,158

AR 3kW LAED X v v o ORBEEYGRIAL L
L, ¥gAy a0 HNE (MREiksHY) 2L
LClf@Egs e, LTDOL 912785,

InG=5.02+1.02InR Q)
(tfE) (8.60) (12.57)
R? = 0.0012

A, EEEEE D, REOR RIE 1% K E TR
ICHETHY, ERKO FRED 1%/KIETHEHICA
BThaN, HEYFRIC L AHHENH 0.1%THY, B
BOHTIIFEROEE A2 TE 20
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22T, EEEQNIC L 2WFPEER L DIRAEICL D
TEHEL IR 2 T T 5 2 21T H . BEELQRUCL D
Rpgdai & O L ZONWEE DALY, S HITEER
ZETRRLCHER % 0, BEERZEE 1 L LTobDTHLHA,
EfiE & D bOIIMFHEL V2 BEL TR, Aflx L
DO DIIHEHEL D DR LB L TWRWI LT D.

Figd X, A v o HLCRRMEA R 3kW (= FEHRER
/8,760 Ki D3I 1)) LLED A v alzo&, Mk
IR L. QR EHWERRN D, B s gEmN
EOHBIRRICH D Z L2 LN LT, ZORMND
FEREALFRAENAIED A v v 21d, AEENZVICHL 1D
DIFEBRNPDINVA v Vo, ThROLRBIHEES AT
LOEBASBHNHD A v abBEZHND.

2L, B REN A A R TRA v ¥ a AR
BB Ayaldhipd b, EFAOMARNEL 2
W, EWLEEN 0D E TEHEDIGEA, FEEL D&
F—HAETRATIARMN DS, ARETIE, ZO8%8
J 572, —0.5 LU FOHUR (BFEIERSHR T, (1—0.3829)
26 3%NEEND) &, KBHELEAT S THE
TEDS B H & L7z,

P AEIKWh LA ED A v o = % FEHE(LFR 75— 0.5 HE(A)
=05 LB T IERO TR GED A v o 20X
Table3 DL 912705 (Zeds, PO NEARM] FHIZHOW
TIL, 322 %251R).
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Fig.4 Standardized residuals

Table 3 The number of meshes in the second regression analysis
UPSE

_44_

P LY ]
AR L 189,667
itz OFRHE LA T 50,709
[5 w5 (D) 4429 4,429
kA7 db (49,507 T-{HA4) 180,491
Ay MOBRAGA E3kW AT (228 THERS)  (O) 53,834 53,834
Ay 2 MR B3kWEL L (49279 T HE#F) 126,657
DB (LR E-0.58L F (1,080 T ) (B) 47431 47431
DB LR E-0.58 (48,199 T-HH) A) 79,226
& &t 370,158 | 105,694
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3.2.1 HEHhig (Z#EZRE—0.588) OO

A E 3KWh LA ED A v 2D ) BIEER O
—0.5 BDO A v 2% (Table3(A) &, A RIOSHIZ -
T DRI FEBEOEANFEHE (2000~2005 4FEEE AR
i) D bis, HEREOZOATERE - 5 RO
KEOH 2 PO AT Z L85 232D (Figh).

BAEHE 05 BORAy v KoMK LE<
(0.4689), MELASEREAWEHIAZH, M (LIRZE—0.5 HD A
o ¥ a AL LIRRGHTCH 1% KETHE Gk
EFRH0.20) THDHZ LD (Tabled), EREOBLRIFIZY T
BHb.

FiF23 < B EOZOIEPE - W~ IR O HR T 4
INTF AN Z L1, AKFTS O IR E ) St ORI T)
DEIY Z AT D Z LI 5 R H Y, It
FBLEOR RS 2 RFT 20y, b L<IE, ik E—
0.5 LAF DA B 2 MU Z KGR E > AT LA HRO
TLELESTNT U RELD L —2DBIRIZRY 9
5. WOETI, HARMOBRZ1TS.

Table 4 Results derived from the first regression analysis

TR R
L5 850 3kW L (EEHE{ L% 55-0.518) 8.613 ™"
TEHIH 5570
H FH AR D E AR 0.2025

%K UECHE

3.2.2 AR (BERZE—0.5LUT) OO
EHE(LFR 72 —0.5 AT OBARMODBH D A v 2 = OFF
PEAFERT 27201, BEMELIRE—0.5 LLF OB AL
DDA v a4k (Table3(B)) ZHAIAZEE L,
1 & U L Lz b7 72 0 o R ERFT S 'Y (P
W, 2000~2005 FEEESEE)) &, BURA 1 & LT L
7L (KWh/IHEY,  2000~2005 551 F-))
AR L UCHER G AT o7 272, RERET
5 (P N2 o= Rx L F—1EEE (kWh/
) 1, EBERBEALOT — & LvanZ Enb, 1=
HEALARFE—0.5 LT DA v ¥ = BAERF IR EALIC R L

THr&EIT- 7.

DUNT, 3kW KD A =

Ay ¥ kw 5 N N
10’:)00 60,000 ;5( (Table3(c)) %%)\%ﬂﬁz})&) D )
zzggg : - 50,000 é%c:ﬁ%"@fib\f ‘Y‘:/:L@5
;’ggg 1 - 40,000 L EOHH A v 2 T 84%
5000 | - 30,000 %o 5D B i - Rk (53%)
;'jggg ] H F 20000 | EERDZUMETHE - R (31%)
2,000 4 10000 | ORI (FNER1.69 K L 2.63
2 Lttt i
0 4 H |_||_| fl H HHHH mi HHHHHH HHHHH i o ) JJ\‘FLCE}E%ITJ*%)%/‘\/:L@
ﬁ@e&e&e&@éﬁ@sﬁg@@ " EEEEEEEEIHﬁ@@%@@@ﬁ%ﬁ%ﬁ%%%&é%ﬁééﬁ (Table3(D)) &, S#&OEEH
(A Y 3kw L E (AL Z-0.588) v 1l e—e RIAM KA E (2000-05FY) (CHECBASNO R DD =
Enb, Zhb AR bR S —
Fig.5 The capacity of photovoltaic systems by prefecture (2000-2005) 0.5 LT OBEARMDIH D A >
=% (B) WIEICMA 726D %5y
. Brife, BMARMOH DA v =
Aya RR=1.00 e . =
25,000 e (B)~(D)Z & ENF RSN R

10,000 -

5,000 -

E (B) 3 HY kWL E(ARMELEE-0SLUT) Avda T (QEFHHYIKWRE Ay
*- - SR )LF—H B KWh/1H #(00-05Av) —@E RFfi15V/1##(00-05Av)

()L (S5 Bih) Ay o

Fig.6 The number of meshes, where PV systems might be introduced,

the energy consumption per household, and the prefectural income by prefecture
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b, BERH A, Al ELRRRED Ho THIRIZ L - T
W%, Zow, FEMMOEN, A, AlEAREL
7o b D E MY 72 ) OB L — ] B[k Wh/ it 7] &
L, —HPFEZicxtd =X =& L CORBERE
EEDIINESTENENHINEEORL A% Lo
7-.

Table 5 Results derived from the second regression analysis

BTSN (B) (BHO) (BHOH(D)
I RATS (%) 2359 ** 9752 ** -10810 **
TR —HE (HRE) 1604 * 6690 " 7552 "
TESEH 1086 2409 2381
H H AR P E AR R 0.1829 0.1597 0.1574

NG KHECHE, * S%KIECHE

Pk, BASMDH D A v 230 (B)~(D) & HiAZEE,

B 1 & U L L= oY 72 0 IR S &, %
1 & UCTHEHE(L L 7= 24 72 0 0 = )L 0 — 2 B % 7]
R L LT Hr DfE R (Table 5), PEREITERNE DD
(0.18~0.16), Ht#47- v RERFHGORENHREIT~ 1 F
AT 1% KUETHE, Y720 O3 X T
FTAT 5%KETHETHY, HHYS720 O FLF—Y
&%  IREFTE MR IR E AL O & 2 Hikk (A
TRIR) SR SNS. Zh b o~ E - #d5aiek
DSERAHE AT DB AT 5 2 & CEAMEES D4R
HRHDENZ LS. REITIE, KEEEES AT A%
T OISR 5.

AW CIE, BEFEET~OKEIIEE L AT LDOEANE
AHEE LTV A28, Ul el T IR i 1 AL g
BRENZ LD, fihEIC X D2 EAJEROSHITH A S .
7272, NOORMER O CIL, FREOREIBLS CORIE
B 2L, AR L) bHBICANLLERNHA .

4. TL—9-4—T - 2RO

FREHAKEIERE L AT A~OEDA BT 4 7,
REIEOEEY (72 —HOBEGR) &9 2 #ih
I (A Ny 7 HOBOR) 0572 5. REIEHOBERD I,
1992 FED B IR E - 7= B HSUS KD K - BAIFEEN 5
OAFEMRERFIENERY B -o7=. 4 (2009 4 11 A
XV BER) OBIFORRIBAEEHE (7 2 —HOBUR)
VL, FEEHEL 10kW KO 6 ORFEE I3 48 [H
/kWh] (10kW LA E T 24 [/kWh]) O4E—HEEE Al
FEMFRE S, RAEISKIT D404 (X by 7 HOBUR)
X7 [ HFAWIE 2572, Z OBHMBI O, Bl E<e
HIBROMI &S5 2 T, KBEREY AT LD
Btk A 65 [TFI/AW] 235, Hedz 15 42 C= A REMLASATRE
Lans " GlBhoEMZ 5 EEHAKEEREEALE
SR A AR I TH 1kW 4720 65 LT
RRTHD.)

T, ARSI EIT ST O & D A v 2 (180,491
A=, Tablel) 1Z2%, (3), HRUITE Y KEHFHEY
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AT EDT V—J o f =T TARNERDD., TL—0A
=7 aAx N 65 FHEVENA Y TEATHAY
v hHDLZ LIS D, L& EBINT D Z LN T
FIUFEAT LAY v OB DA v v a2 T 2
LD,

TVL— A =T a R k= 5pEEM IR EEEE=8760h
X JREE =< Tk W 3)

T IC, FEERM 48 [[T/KWh], AUEES 15417, %
TEBERIILL T O EFRD L BN ARETH 5.

Bl = R B[k Wh/yr]/ F BE 25 B [kW],/8760h
=kW 7= V) 5B R,/ 8760h= % ik, 8760h
=R I ER/8760h)TEM B NIRERTE) @)

SREIDSHTTIE, (DFUTEESN T ERH S — 2 T
EBAToCE . £ I°C, BHENHE 0.14 OEKH T 5
BlRERO%, WHEOFEET 2 Ay 20T L—2-
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