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Summary

In 2020, the Japanese government set the target of achieving carbon-free by 2050. This has been expediting
discussions toward a power mix where renewables dominate. Meanwhile, variable renewables as highlighted
by photovoltaics (PVs) cannot avoid temporal and spatial gaps between power supply and demand. (The former
gaps include day and night and seasonal variations, while the latter are geological concentrations, including gaps
in access to grids.) Therefore, installation of variable renewables should be encouraged as much as possible in
urban areas with a high electricity demand and a large grid capacity. It is thus important to estimate the potential
to install PVs in the buildings-especially in Tokyo-for the wider goal of promoting renewables installation
and carbon-free power sources. As far as PV power generation is concerned, building-wall surfaces, even
those facing south, are not so high in generation efficiency compared with rooftops; however, they generate
maximum power in winter. For this reason, to install PVs on building-wall surfaces can improve the direct use
rate of generated electricity throughout the year, thus helping to reduce the supply-demand gap of power. A vital
prerequisite for the application of PVs to building-wall surfaces is the quantification of the effects of shadows
between buildings. Therefore, this paper quantifies such effects, calculates the levelized cost of electricity based
on the estimated annual power generation that considers the effects of shadows, and determines the expected
amount of application to building-wall surfaces with the cost of electricity being used for a threshold. Using
a geographic information system (GIS), the paper aggregates the total applicable area and calculates annual
power generation based on the amount of solar radiation on each rooftop and wall surface that is estimated
while taking into account the effects of shadows between individual buildings. Once installed, solar cells will
not be replaced for at least 20 years. Thus, the paper considers future technological innovations in relation to
power generation efficiency and scenarios for introducing them, in calculating the installation potential of PV
power generation.
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EEH AHER “at FER MR Hal

AR i BAR B Bl BT AR B
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PIASH 239 185 121 39 584 290 109 147 24 570
bx 28 | 453 422 61 33 968 549 237 74 19 879
PE AT 525 453 135 147 1260 | 623 246 158 83 1111
HiFER] 240 178 63 19 499 291 104 77 12 483
H o HET 116 102 28 11 256 140 58 34 6 239
AT 30 25 4 2 60 35 14 4 1 53
TRZ FEIT 66 53 8 3 131 76 30 10 2 118
HUREAER | 34584 | 27528 | 14315 | 14698 | 91126 | 40099 | 14836 | 16680 | 7928 | 79543
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3. REMNEOALBEIVBALKR T IFIZEDEART O vIILOE(L

31 HEMERL. yxTLdmiffﬁﬁ,m &5, BREART VO YILOEL

Alal, BERA~ORREIZIBNT, RERREL D RIKA &L LT, RIAZRERAMN 17 1 /kWh
& 7275 330 kWh/m’ « & FHED—2 & Lz, —J7, 17H /kWhIiZERME L CHETH L=
D HFEOMm EIZ KD Bl OEEILEADREICT L CTEETH D, N 19.2%I28VTIL8S
M /kWh % 35% 9% O LB ZAER] B 5 E1E 660 kWh/m? = 4E72708, 25%. 30%. 35%I2725 &, 8.5
M /kWh % FERL T 5 DI E e B &I Z 24 500 kWh/m® « 4E, 420 kWh/m® « 4F. 360 kWh/
m’ AR D, BUREEEEIZ BV T AreGIS H HEFHHE THE LN A FRICE S X, £
1 660 kWh/m® + 4ELA EOHENIT 44 km® (2565 L 360 kWh/m” « 280 B ORI 175 km® EHERT 5 =
EEMER LT, TNOOmE~OFEAILRKE, M L2 E5bE5 2 L2k - T, 2% 192% 5
35%I272 % &, BEmOFRERIT 5.7 512, BRZEORERIEERIX 223 HI2R o7, X 13
(£2) 12, FEEREI M ELTFRD, %ATT//%w&E%%$E®ﬁm%TT kI, X
13 (F) IORT X, VAT LA NPMEHTAHZ EI2E->ThH, BEm AR REMAE| ijt’é
SHERT D, 85 M /kW ZEERLTE D, BUIRO 17.1 TTH /kW Tid 44 km® 123t LT, 775 H
/KW TIE 214 km® & KIEICHIKT 5, BEmIX, BHONDREENDRBIR & AN TNS S BBFM G
BlE /e 2720, BUR CIREAOELIENITIEL 22 508, #hEom L, 22 F O X > TE
FNCAFEFIEAEDIERT 5 Z LRI TX 5,
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Efins 1920% 2% 0% 3% BRos 171

7\7-,& :17\ + EEH/kW]

K13 (&) BEHEOHELE B) PATLIRMERICES. BEOBARTUOvILE,
FEEREENDEL (FEEE)

32 HEMERLBLIUVEALKI T VFICEBZEART O ILOEL

R JJ%%J: IRET 2L, BART Uy VOHERMERICEMST 5, £72, K 1IZRL
TelBh ., ZITEFEOENEATEIL6 GW/ FRIE T, ZOFEEDORX—XTEANET & 2030 4
(2050 4F) @lm%j\i 120 (240) GW, @F‘ﬁ%éé‘é%f 130 (260) TWh, &I T 16% (32%)
BETH D, 2050 FIZEIROMRFEEZ BIET 72 OIITEAIERE S HICHEET D DT AT
bbH, TORE, HINFERNIC LA RE RO LR E 9?&%%“573» & T, KR EREDOR
TUVXIUNELTDHEEZLND, Lo T, HibR BEEMLE) U AL HAILKY
FUVAEZK N4 IR T EOICEEERE L., TNEIUC Ko TEART vy VN E D BT 50
et Uiz, RBEZRITERMN Si R ORI 25 ~26%). % F LAKEEBOFEMAL (30%)
L EDOEG#EREE 35%) &, FamEL TN LB B, 2040 12 35% % T 5 EIE L,
ZTNE TOEMEFOHER Z . INEE (2030 412 33%) . BiF (30%). K3 25%) D3m0k
E LT, BAHEICBE L X, AL TIERT S E LT, BRBLZEHEANE T T HHEEE
2035 - (i) . 2040 4 (B4F). 2050 4% ((KFH) o 30 & Uiz, BRI 58 A FREmfE
BRI ORELEZ LIS LI (FERIZEBIRO A, DOBBA~DOEAFE S0 ~60%) L. KR
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T CEAIERNX HAVTAE (BER~DEAN G, BRA~OEAF 70 ~ 85%) D2 2% T
et L7z, 72, BEEOEBART v /U LT, K13 () R T X ICEEDRON E
WZPEVEARTREI MR T D Z 2 ME L TGRE LT,

SEMEE LY U BABES S U F
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2020 2030 . 2040 2050 2020 2030 . 2040 2050

M14 BELEEBEMLIFUL () EEBAREV UL (B)

HHERD RIR A~ E P HEEEIE 106 (158) km® T, BERRFEATIE 2020 4F £ CToERARNE A&
D5 B~ D% & P REIFE CLEBIEL Sy L7z 208 km® & L7z, #EEIZIZ, £ (y) OBEKTHD
FEME AR (y) B—F (A [+ 25& L, BAKRT Vv /LP (y) IZOWTIHREEDD
Ky (y) ZANT, UTORITEVERT EOEILEER LT,

n(y+l)=n(y) +A

Poa(y): X 14 (/) 7> Hr{el s 2 8 H

Py 1) = (Pow()-Zn(y))(M(y+DM(Y)) + Pyan(y+1)-Pyar(y) + Zn(y)
n(2020) = 19.2%, n(2020) = 2.08 km’

RTITBIOKI5I1Z, F TV FICBWTHESNGEART Uy () &, ZEIND
EY 2 — VOWENROFERMER (h) 2T, K161Z, TnEnD v T ) BT 2 Ry
A& () LFERPEER () OFRMRE LRI, BAILRPIERE SN2 —RATB W TIE, %
WD RN EIEPMERNE EREIND SRV OEENELL 720 | REPIEART v L
METFT 5, BAJERPBENT —ATIEZ ORI NS Db —T5, &L L TEARKE S E
b, I, HIFEFMETRIC2 D &, BARRERBEMOEMEIMERT 44 I 7 HiE
0 BIREA~ORRENTATT 5 2 & T, BRI BRE AMEZh R Spov BEE S @ 2h3 Sx L &
5%A’&5%% RN S DK T 5, BREARHOEART > ¥ /L (9.6 TWh, 12%)

WZxt LT, Rk OEm L0 T A KL TRET 5 & BED 2019 FEMFTFED
83.6 TWh[11] {Z5F L THefk 32.4% CEANNER - Zhasm) ARG T U A7) | FEE 39.1% (B - fEHE) |
B 43.1% CGEAET - R m BE) &, > F VAT EICENE LT, S 5T, BEf~DY
ABLOBRREA~OEARILKRE KT 5L, V42 L OFFEED 2019 HE4EFBTFEED 83.6
TWh[11] 13 2 FsRI AR 76% CEANNE - 2h=sm FAKFRH SV A) . FE%E 98% (KR - A ) |
e 109% CEAMKHH - 2h=km L) Th o7z EREAFEHMIX 9.6 TWh, 12%), BHFEED
RYAMIGTE DFRFER L 0D —FH T, KGR EN T L0 D ELBEIRDETLXNLF—R
HOE, £72, BIEEOM EORERELHY, VAT AE2EKES 27 L S ICEH S 4EM
HEEEVLT LHERTED EEFRO20 D, v U AT & O 2050 AERERTOBEAEDE
IERERA LT MR HDEEZLND, 2050 FEORIRFEICIANT TEADIEITLHEZ D, E
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ADYERRP, THIZEFET DEY 2—/b, Y AT L3 X FOEIBITINA T, FEED=RM _LiZmT
AR e GO THEET 2 Z LN EELEZL LN D,

R7T BAWKIFTIA, BEHOFIVATED, BART OO v ILDOEL
REEFHORE®ERICENL
BAMKFIA hnsE SH 1R
R T VA E | FE | E mE | RE | K ME | RE | KR
BARTUOYILIGW] (296 279 | 252 | 305 | 293 | 272 | 316 | 30.8 |29.5
FHEEE [TWh] 32.7| 306 | 272 | 343 | 328 | 305 | 36.7 | 359 [346

%.I'I‘I
%.I'I‘I

MENEE % 39 | 365 | 324 | 409 | 391 | 36.3 | 43.8 | 42.8 |41.3
A%
BASEASF Ut i = &R

BB )AL ME | FRE | EEA | ME | RE | EFR | MR | 1RE | KR
BARTUO¥ILIGW] |97.1] 893 | 76.3 | 102 | 97.7 | 90.5 | 109 107 | 103
FHEEE [TWh] 775 726 | 645 | 80.6 | 78.1 74 85.1 | 83.8 | 81.8

XNENFTE % 924 86.5 | 76.9 96 93.1 88.2 101 999 | 97.5
Figzh®E
35
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S
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19 = = = normnorm
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= = =norm slow
15 —= == slow slow
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®15 () RBEMHERLL ST UL, BAERESFTIVFTEDBART VI vIL, (B) YHIFTED,
RESN-AGEEMDFEHHE (BRADEA 70-85%, BEA~NDEAZED)
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K16 HBEMDEMLIFIA, EAREIFIATED () REEAE () FHRE=
(BIE~DEA 70-85%. EE~DEAZEL)

4. FEH

St K3 E, FHCE TR ~DE ALK D Rl L 2B £ 2. BRI TR BEmOEA
KTy VEERTEZEA2BERNE L, GIS ZHWTE % DM RIT 5 DB A E &AL
L. BRI Z BIEIC U CRE ~DEART v v LA HERE LTz,

ArcGIS Z HWTEY O KBEm ~D At &2 3 L7-fE R4 oo, BEIRMN 25 LT & 725
Eﬁa%éﬁwwmmﬁ FELL EOHEICERE e & E U CHER L7 R, Haflich D CRE

BRI X BIROHA~DOFKE & L LT 2,19 {5, 5% E FTRER~ D HH & C 147 512 L 7=,
Eﬁﬁ’\@%ﬂ XoT, FEHMOBEBEDOEILEZEMTE D b, KEEHREOEROANE
%é% FHOHIEMTEDLEEZLND, %éaaaﬁvz%'jﬁﬁ;Mfib\ﬁséﬁm@%ﬁfr//wb

REFMICRE BT A0, BENR, VAT LMEKRICEELET S, 3EFM 8.5 FLL
T AT T e YNEI I kbt%ﬁ\%ﬁﬂéﬂﬁﬁ®um%#E%% (270 % & RER~DE A EIX
40F_\$W%$EiSTH Rots, FERIC, AT A3 A RN 171 HH /KW 257 50 /

(270 % & RERA~DE A FRERIL 4.9 (F1T72 o7,

it\%ﬁwé@ﬁikiv LR OBHE DAL D BART v VDL E | BFE
EABEOBEHR LTz, TOREE., BASLKRBZIAT U CREDRN EVREND &, BART
A PME T T D I EARE ST, REINZRE AR T Y WISk LTS B RO B TR BT %t
LT76~101%&EBENEEND 72 L, EAJLRIZINZ TRABEDFE LM _ET 5 HIBIRE O
EIMEDRIE ST, RAEAIS, EREEEYES S U 4D 2030 AR AT ONEERNER 25.5% & VLT
ﬁﬁﬁﬁ@%ﬂf?VV?N%ﬁbkF% BREEEHEEHE TH S 109 GW, 4ERJEER 11.7 TWh
WXL T 911 GW (7.94 %, EIZERE FTREEAE DM FIZ LV 1.28 {5, BEm~DEAIZ LY 1.73 {5,
ﬂéﬁifl%ﬁﬁ‘%W%%EWSNW(MPM\m%ﬁ%WLKiDLQ%\%Eﬁlﬂi
D 1.39 1%, 2w ET269 %) LT,
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5. BURIIEDT-HDIRE

ARETCHRM L7 R OB ~D KIG I EOBART > v v VI, %@%%ﬁ~®%A
BELON FEROBANTERTIC L D223 m E2 e U CREAE LIRS, #loE (6 LT 53 ~
TN%E, PERORBE LR L CEL, BRFEOFENERE L TCHEHATE &L 72&0710 T e B Hh
TOHERHEBOFTREART ¥ ¥ NV ERRBIZENT Z L1X, B rOEEMNHEEZ D TR
AI*»%~@$%ﬁL#éﬁ#f&< RO IEEMOAMEINIC © D72 5D, FEIZ, 2030 4

TIXHR SNDEY 22— IV DRIERN 25%FREE CTh ENRAEND &, #HNOEFEE Iz
T%E%%ﬁkiWE REZ AR DED Z L TENEED 100% L AR TELRT vy
NEATHREMERE o7, LN o T, 2030 4, 2050 FEIC AT 7= KB EREBEOEAIL LY
PRERAO 72 AR ENZ Y L &2 65,

GIS Z# Wil 2« DM O OB % TR L, KBtz 8 A v e/ 2 BEm 2 FFE L,
ART v L EHER U RS R, 0% T OmEBEORBBENEERITE LTORT Uy V2 HT
HZEMWRBI N, HITHEENRKNE2DEBEIZH L TARICRKE DM, HEORE
BYE—7 BN E 721349 I 2 Wl E~OE AL, b &2 L LE D O EEER HEIS 24k
RTED, —FH, BREEANTHEEREMELS . FBERMOE < 228 A~OEAIL, BUKTITH
%%ﬁ%ﬂ%kﬁ%bwﬁ\%gwﬁwﬁi%:x%ﬁﬁ&wot&miﬁ;iof%ﬁﬁﬁﬂ
IS5 &, Bl 21382 19.2%— 35% CEAFREMIAE 4.0 [ & RE HIRT 5 2 & BAREIC
XoTHEMNZ 2o T2, —F, HIRIZ X > TUIFBEORNWEHOH ISR thE > TR, &
HHE LTS IR N TAFEOFBEOSBIZ L A0SR EHEZ > T\ D7 EFEHROE
FaNT v AR IR DFRRE L 7o > TS, Ko T, BRI L LT, ME~DEAILKE
RETLHZ LIFADEBZ LN,

2050 4 F TOPLRFEIZIE, FTREHOFENEFIZENT 728 ATEROMHEIINETH D,
I T, KRETIE, KB BEOBAILKR &, HINFERNIC L 2R EEN O TV 458K
ﬁﬁbfﬁdbto% BEE ~OE A RERIT, BEBFMOEBIC L > TRESHEARTH7290

AT?VV%WH%%@éWL/T)%_%%@%%Téo%%%%@Whﬂﬁ%ﬁ&\%ﬂ
SINDEY 22— VOFEEARMET L, S SITBEERA~OEABEND Z & T, KR8 ART
VUXRANEAT L ENRB I, — T, BUROFMEAE TIX 2050 fFE TOF RO
FIEPFACITEE LW D AJERDOFERITNEATH D 2 LD, ALK & Hffi g 2 1617 LT
WTHZENEELEZOLND,

MR B ~DOZEEIE, FRFHIENME: & BB EO NN R D B Db, AR EOEHER~D K
PHEEM DR E ., FR AR BRI Z B L7 R~ O EIGITOBREN . ZOMIITILEET
b5, Fl-, BEWRIAZIEE 32 KB ETIE, KEEMOZLBSHEOM B3R, EAGEE )N
BASHIIRBNR T v v VBT 5 2 Lo n, 0T T A N2 HERF U 72 KIS O 2 Hash R
M EOMERR A ED L & LIz, NT U AL KGEMOEBAZEEL T Z ERRkDH BN
5o IHIT, FEMSOAKBZZ RNV —ICLDEFNEZ RNV —ZMENRN L, KEsER

DR OFAFRE= R /L ¥ —H ﬁ%+m AR EANTH VAT A, AR/ oadi o x
X — Y AT AR BRI MLEEZ > T HThHhAHA I,
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(2]

(3]

BAERT RV —ZBT 5 Y —= 0 VRGO - NIRRT M,

BREEE (OFIDCAELE, PRk 30 4RI, PR 25 4RI, VK 24 4RI, PR 23 ARREE, AR 22 4R,

Rk 21 ).

PR PESRE (BRI, TRk 22 T = L F — B e EIER A F % (R
M OKIGEFRIH OB A RTRERIZBI i) A&

KR FAZ DO EBUTIANT T2 BORSL R D T2 DR EE, “FHEHFAFRET RV F—OARE N IR
B ART 2w VoA & TR 2 A MEIT, BB IR BB R SR AR o 2 —,

TR 3041 1.

IR B O FEBUC AT T BORSL RO T2 D DR EE, "R ES AT & (Vol.e) —2050
AT ENERE LTORBGIIES AT LFEEDOTORG—", BlrHE IR SR
FAtaHE 2 —, FF2E3 A,

NEDO, KBF e B R HkIE 2020 (NEDO PV Challenge), https://www.nedo.go.jp/content/100926249.
pdf, 2021 451 A7 7 & R)

T. Okubo, T. Shimizu, K. Hasegawa, M. Thara, “Techno-economic analysis of a distributed hydrogen
energy storage system considering horizontal and vertical installation of solar cells” 18th Asian Pacific
Confederation of Chemical Engineering Congress (APCChE 2019).

Photovoltaics Report, Fraunhofer Institute for Solar Energy Systems (2020).

KB tFs &2 |, http://www.jpea.grjp/document/figure. (2021 4= 1 H7 7 X))

International Technology Roadmap for Photovoltaic (ITRPV) 11th Edition (2019), Verband Deutsher
Maschinen- und Anlagenbau, German Engineering Federation (VDMA).

[10] NEDO, [ HBIH G &7 — % ~—2 (MONSOLA-11) https://www.nedo.go.jp/library/nissharyou.

html, (2020 4= 12 A7 7 & &)

(&P =RV X—)T, EAMEFGHE (2019), https://www.enecho.meti.go.jp/statistics/electric

power/ep002/results.html, (2021 £ 2 H 7 7 & R)

[12] E-Konzal, 2IMERIBERDO = R L X —{HE & « =X/ X —EJR CO, Pk &ET — ¥ X — X,

https://www.e-konzal.co.jp/e-co2/, (2017). (2021 %-2 H 7 7 & &)
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