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the Development Potential of Rooftop Solar Energy -
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Abstract

In recent years, the Taiwanese government has proactively promoted the
use of photovoltaic systems and prioritized the installation of rooftop systems
over that of ground systems. Such systems are suitable for the land use pattern
in Taiwan, which is characterized by high urbanization, land consumption,
and building density. Rooftop photovoltaic systems can alleviate energy
consumption problems in cities, reduce environmental impacts induced by
excessive power consumption, and maximize the use efficiency of the limited
land and building space.

Previous assessment of solar energy efficiency or potential has mostly
been performed on a large-scale plane or buildings of a single block. In this
study, the eight districts of the traditional Taichung City were selected as the
research site, and the Hillshade and Solar Radiation tools in ArcGIS were
used to calculate the amount of shading and solar radiation in the spring,
summer, autumn, and winter equinoxes. The calculations were performed
based on topography, building height, atmospheric visibility, effective
observation start and end time, and solar zenith and azimuth angles at
different time points. According to the calculations, adequate mesh thresholds
were selected for classification to identify buildings and areas suitable for
installing rooftop photovoltaic systems. In addition, buildings and villages

were used as units to create potential distribution maps.

The results showed that sunshine intensity was in descending order of
summer equinox > spring equinox = autumn equinox > winter equinox.
The peak sunshine intensity was mostly observed at the noon time of day.
Analysis of single buildings revealed that buildings in the Dakeng Scenic
Area and industrial zones demonstrated high potential for solar energy
generation. In terms of administrative districts, Beitun District demonstrated
the highest potential, followed by Xitun, Nantun, and other districts. In
particular, installation of photovoltaic systems should be prioritized in Xiehe
Village and Lincuo Village in Xitun; Shuijin Village and Jungong Village in
Beitun; and Baushan Village and Chunshe Village in Nantun. In terms of zone
types, industrial zones exhibited higher building heights and more sufficient
roof space than did other zone; hence, these zones demonstrated the highest
potential for solar energy generation. New redevelopment zones
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demonstrated the second highest potential. Compared with early
redevelopment zones with insufficient space, the new redevelopment zones
were exposed to sufficient sunshine. Dense building zones neighboring the
old city region and remote mountain zones exhibited the lowest potential
because the number of buildings in these zones could not provide sufficient

space for rooftop solar energy.

Keywords - Rooftop Photovoltaic System, Shadow Effect, Solar
Radiation, Solar Energy Potential, Geographic Information System



P REFTEFHEFCETNUIHERNFRAES g PP 55

BB B e I

B v B D ettt 1
R FLHWEP ch 3
Fo vy FEF PR BT TR e 4
e == -y TR 4
B & e = - T 4
SOy R FEE TR 4
D L T M N A = o TR 4
2 v}f’e\}"éﬁ ....................................................................................................... 6
— S FEIBERE (B ) 2 FIH e 6
NS T T 23 2 O 10
Ly L33 o R CRED TR s 13
= N BB TE B BT e 13
ST RT i AN e IR 14
28 FHELD s 15
AR N e OO 25
— 8 B BRIEFEA T e 25
Ty R R B A T D s 28
S PREFE -IBRGHEZEREM G 32
- PRERE SRR ERM 32
Iy TSR L BB G o 32
F -~ m,—.ﬁi??:}a‘.ﬁvﬁ ................................................................................ 34
i T TSR 34
R FAETIE IR 35

Wi~ EPIRTAR R
s ~ EEEL I HE R



FHop W_E‘[Ir} GHETFFERASERFEES -LEP B 55

WP &

Bl1-1307 2K E 2 0 BEE T B s 2
Bld- 1~ X BB FLE 77 2 Bl 7
Bl -2~ A HEMrE ~ T TEEZ S AR AR e 8
Bl 4-3 % 5 BEEE SIS e 9
Bld-4~ZREZ2IZHGH A FIEEEBL BB e, 10
] R D - CRE 10 -1 R 11
Bl 4-6~ Beid 2 Bt B BT R I ot 12
B S- 10 AT E T B 80 e 13
Bl 5-2 v HLE BOA T o 14
Bl 5-3 A FT G A T i A et 15
B S-4~F5 R VLS REEHES F /4 (DEMtZH1F ) ... 16
Bl 5-5~ X FE R BB A B 7T R oo 16
Bl 5-6 BB BB B A 4T 18
@57~%%ﬁ%%ﬁﬂ&amﬁ. ................................................................. 20
Bl 5-8 v FFAL L TR B oottt 20
B 5-9~ kLR~ 4 a\mﬁu%ﬂfr%;zﬁu@—r, .......................................... 21
BT (LI £ B T 21
BT I e 1 i O 23
BIS-12 -3 BB () 228 (£) W4T 2 e, 24
Bl6-1~ 2 FREFILEE T I B B oot 26
Bl 6-2~ 2 FEiRPFT 305 FEEE BT R oo 29
B 6- 3 ~ RASTER JOIN TO VECTOR ....c.ooiviiiieeieeeeeesesees s, 29
Bl 6-4~ St BTEIEA ZH A F 2 1h1b oo, 30
BlO6-5~ 2 F08Hm SIS E TS AT s 31
Bl 6-6~ 2Tt RSHBIEHEEF TR BAT 31
B 7-1~ T39p Rif2 BB E EFEFTT 32
Bl 7-2~ Rt S HBig S B M A2 2 Sl % UHZ SE D i, 32



EHPRBFE GHETEGETAUSBAFRES - E P 56

% P&

5-1~F 9 F RuBBI S B WAL 2 B d s 14
6-1~ Z R BPFEPREFR T (I FFE) s 25
6-3~ AR FLETHHEE (FVAPFFE) o 27
6-4~ LEFE B KT ES _Up REFERE (380 FRF) 27
6-5  FXEFBABHHERN (VA FFE) e 28
6-6~ % (FFCTH S HBa KT U ABREHETE (NAFEE) .30

cT-1 AR B LB EAMAERE T IHE T 33

VI



g Bﬂgfflri GHETFFERASERFEES -LEP B 55

; \"_3-
- ST

e A BTG A R L s A LREAREE DT L £7%-1970
ERIEE AT S AMAERY LR A IFRE A E S A
fre mAARRE ST F AL AT P ALy RRFE S BB
R DIReE I A S IR B R > 2 S 3T 1997 E*?ﬁ“%’ﬁﬁﬂrﬁi
SN B2 R ( The third session of the Conference of the Parties, COP3)
PEE Ty PEGREE RP I8 BAND 2 FE o BRI KF DS
ol A F-"#’E T2 B E FMEE > RUEFURHIIRERR T S TR
BMoom s EF 2009 & Fimen T At~ 2010 &£ e T3t B 1
RF204En THERF FRCHE N, TRE RLge 0 2015 & K
WERENH T LE 180 BRRSTEIEAEE A ?F}*Jc KPI
Pt BPRafd| 2B %2R T &7 0 U] adE:s 1.5 B 1
R P RCFRCBRESFIRATIEELATRITENNF o

Ra oo B E RIS RE]F (United Nations Environment Programme,
UNEP) & #7% % # B £ 22 £ jE4¢ 2 ( Emissions Gap Report 2018 ) it
W2 10 & 2IEp st P AR TR S A R D R
mArEERR TR AR BT R A “",/Tfﬁég?%”ﬁ &
TR { B EFEARE L RED -

ARTRRBEELANRY AR LARMA TR LR TEN
BRE| 2 I AMHRBEERT 2R B RRT T RSB o2 %
KPRt 3k - ] PEATE KD & AR E T 2T - E R (%
THE 2 2009) 0 MEE RAAKREKEFRL A T AR - o

~

= »
o

%‘a%

—

4

—_—

)

&

RBERET L 20 RhdiE (Internatlonal Renewable Energy Agency,

IRENA ) 2020&&%?;’% LZFEM (B 1-1)> 2 32019 # K23 E 2 il
s x g e ds 12537GW’ Hoeo4 g ;éz%_:g # 586GW > ¥ % 2019
EXTHL 2 REEEY & 55% vt Aed £ K 20% R ER A
B AR T o B /}EI % % (International Energy Agency, IEA ) » %A
£ 4 @ /7 (Renewables2019) & B4R 4 ¢ £ I » A RIFE 5 = & i e
FAHa  HETEARSEN GV H S 600GW - 2 BT & 47 %%

15%% 35%: W B TEA S e £ L35 ZHAvd - B52024 Bi%

»ﬁ6%ﬁqufggﬁ+ NET O EAFEABAIEOEF RASFETR
s BT RESEEN LA RNRSREETL > 2% tLI%h% S g TR
BIFG BALE B ETH LI L AT EAEY



”B%Eﬁrli&}d‘% TEHEETRASERFEEL LR D LB

GW GW

:. ]
b L

----------

Capacity added in 2019

m Hydropower BWind mSolar mBicenergy m Geothermal
Bl 1-1 377 E23 P4 hEEZ
FAL %R B% T £ 4 i A4 (International Renewable Energy Agency, IRENA )
TARARI 2R CART A LR R B EEEEE Y A
M7 %%”W E ”T'/r%%/u«f B R E P %EE?F% o p ok
ik b ) > Hp g P E X7 % R 171,011 kWihr ehx B (§ fg—
% 2002) wF b g;;y, T #\‘é 1,500-2,000 -] pFennst & p BRE > G & b
[ PEep BRE (£ 2> 22007)¢ F o 3t A fF etk
DO AEER S FHTE L T EAERF RS
IR T TR BN e TR E B RS LR R
B R A 02016 & TRk 2 Efadeit
02017 & TG ETE > S Eedso o %;\@]4 Wik A b
z F’“ Thog s a1 * > 2025 & %ae & BT £ 20% 2
FFIP IR PR T 52l BTRE B kT 33#7»& TaE o E A
S kTR T

S

)

%

)

(\)

(e}

[E—

[E—

i

A

A

=

-

N

é_

o
i

-



g Bﬁgfflri GHETFFERASERFEES -LEP B 55

&

SIS s L
FRLALARTO ik 98%MrigiE T o g T I gk § )

Pk B C 2P e (46.11% )~ 2t 5 (33.23%) %2 +24c (11.79%)
PR (SR IRA 0 2020) £ d BEFEL LR DT E

o

i%B (2% >2005) X kT i &8 BF 2 X TERh A

A& TS =h
bE e

RRRE R (2005) Ar 2 ARPFEBEZ AN A ARLT
b *% (NaturalHazard) 2. 2 + ¢ & e i T 2 4 v 5 73% > @ &
%%?ﬁ JE X OAR “‘i’ \i?’f%"k’m Er‘ ™2 A r",.gé 99%,}%

fxi_ﬂﬁﬁfg nﬁm‘g‘z%owe},?%/ﬂl g]x nb//,%lﬁ‘—‘f‘fa“q*?rg
BAXREA LTV RECBRAEABLG - FFOTETFTF TR
R FREE %’Ji}ff]-k}ﬁr.‘lsa?ﬁ i RTE G R ANV B PRTSIE 0 Y
O R LA R R B P R USSR R TR AR 4 B

FW&&*’XQWﬁHﬁ%wﬁﬁ$ﬁJ’éﬁﬁﬁﬁﬁﬁk ~ B
R NGRS SR s 20

WA HHIBRBFRAL I RRE -2 A R TG A
TR a e ﬁ%p;?rs g fans Al FE G i - B g
RIZAFIR > - 2o PhERFEF AT L LPRE > - 20 @
=4t - %“' A = Bk 7 % 2t (Building Integrated Photovoltaics, BIPV ) B 4
o * 3 #ﬂ(mKWﬁﬂpﬂw mw);ﬁ%%gﬁﬁ*ﬂw
FThREEm? g B > VRS A2 R - TR PFEHE -

’;

S USSR Aa WO (Geographlc Information System, GIS ) #-
T Fﬁa]«r; PRAY S ETRLY D ABERFEIFALF
AR =T AR N (PN I e = FI@EE:F:T,TLQ/E—;,L s
RHEME  FATA K AT Mo b 22 ERAL B R TES A
ﬁﬁ”’?*ﬁ& LHRBEHFET BN LT REES g ¥
d@i—fq.ﬁ&/,}’%,ﬁ,,ﬁpﬁﬂ!{ﬁ\ j}#&.ﬁvFl‘t‘ﬁ’ﬁ—"{f";" %:Q%E°

R 2y R R AR SR FL > » 8 B ffad 2 @n
FALGRER D 3B \@ﬁ*iﬁ*“?*’iﬁﬂﬁiﬁgi
F S

-%-

(w

A AT g RS ET SRR BB S
4 fbéﬁﬂﬁéﬁﬁﬁﬁﬁﬁ;'iﬁdfiihﬁﬁ P E N 4R
HEE R Bk Dok A A L R B RS T
EEMABAER i i



ﬂﬂpgfﬂfg‘iﬁikﬁft;‘tlpi A B FBES - LR LB

#%%’ipiﬁﬁﬁmﬁﬁﬁﬁP@ BRI A T R

FEp A A #3\3#’” B EAVN ABITEFERA AR iE 5 X
fo F 7 P PR E _E?FLIF‘TI' ’ HussemA. Kazem % (2017) A1 % ¥
E-fjf_é_«?ﬁ;l— N x_g:_)ul —gﬁ,fg'}, %:‘:_‘it 2 5T ':5}%& 7 & o Bl A

i

%

S <%
el o AP IR EFRPELY D LEPFERG  mERS
3 ‘ LB =RE BoG » R

AHBEEET X F R BEE S AH s e B T Bl G 0

e fir- B2EEP AF > R SHBESATEERY R FIRE
015)#mP A FHEP RIS FHPRBRREREY ch- BRflcr ¥ 27
iﬁk%%ﬁﬁ%&iwﬁ°?ﬁﬂai%? & LR AL
8% g i A& (Visibility)) 24,2 € (Cloud Amount ) » 78 m 14 i% B
FlatE AT BB R 0 2R LS P EAREREL £ T
CREATHEA LI MAAZ AT 2FEEL TRy PR
BE~RZEREOFR NHF e FFLEEP AL FHES

S F TR 2T
s ARSI SR 2 URE L
N

‘2 (Modules) ei8 (T3 F ¢ 2 £ B L% T = &’ﬁiii%?%ﬁﬁ~

7

AT R AREFRETAR A AFTLE AT R R 2

4



Er P REFABHEFGETASBAFERES LD 56

RATAL AAP LR EE T EAB KT e
RAR S RAEAELEHEE & SR BB BT BT
b R R S B E o



g Bﬁgfflri GHETFFERASERFEES -LEP B 55

2. —:vfiewéﬁ
TE S B kT AR /3“ﬂéﬁﬂ’ﬁ‘%*i@ﬁ?%@“%ﬂ%%ﬁ%&ﬁw
Fﬁglﬂxﬂ’ﬁ\:‘/kﬁki/‘%&oﬁl PERIBA R REFI A 3 B
Ao PR E CBFE PR AT BRI

—‘-%¥*%W%i(&)a?m:
* 5% & (SolarRadiation) 45 ~ M & & “T & 4 ehiv £ > (7o
LRV LRSS mﬁﬁuo*%ﬁ%m%ﬁﬁa@ﬁ@ 5800K ¢
2REfES (AR A0 2018)  Hit BABAF Ak oha v 7 ;Uéfrgj_
GHEP RS B R 0T ke A KR R o
ﬂ@ﬁ*%%*&ﬁ~ﬁ%‘ﬁﬁiﬁ%émg%ﬁﬁm;ﬁamﬁﬁ
RN g i B o

ZRA BT R (2019) 30 < BRSPS FERELE > B ‘Jéi*'*
BAFRDBREPAIBOF R E PR BREFRF - A RF
e TR Y S S R R Ei«*“‘?»"ﬂ‘“% T if S5 R &
NWRFRF F oINS REHE AP IREFOLT T EREFR
mi.@l "j]i*»\‘isf“kﬁvo—(‘gf?&/”kﬁz—élbﬂ?ry}\/'”‘ k- B ‘;:Fﬁ;f\]

FIF -+ % 0 80 23 MFRZE AL FofE{oky > ek
Ik F m’.ﬁ‘a—lf}rb’a KT Eprs 5142 % E%;ﬁ%ﬂig 2}1,?-;’“,9:0

E el (2002) #HFIB A G B jct Bigsn s R LT AT
BRI (1) FRPF M (2) % F kemfeier > (3) 2 € 5% 0 (4)

s

REEEE LR o 0E (5) B EDF KE P A G %

FH K (2017) BPIFDE G RS A BT R G =4
B E_ XY o & f Flicfos & Flc

\““\ﬂ

o

X e FA N L BIRSRR R A & T} A B A A B
Bbk S SHh 2 p R P TR § R LR R TR T
ﬁﬁ%ﬁkqom*$ﬁﬁﬁ%*%’%*%$"ﬁi*?*%ﬁ%

CF P EERISF R LF F FARF E e e i 4 H

-
T

h =N

B ERT T B s E A ﬁ\ﬁi Apd A i A A IR 2R AR
Feo TR R S it S B A A ¢ i , %

FlE B ER R B R B AR S ARE S
B2 i d 2 p 3R s e Bl AL L ¥ RO RI IO BEHE
e ¥ A FHCH S BB T € FL i
Popr VPRI EIARFRE CBAE B2 rAFapI B w

A~



B pREFEHHETFRERACBLFRES -4 P L0

WEREFOREIR L RES *%@'tt%ﬂr%t&fﬁ%% - A F R
PARES A KBTI REEIT BHRRI S LG A @
Foobdo m ok e s RIS 55

mﬂ% p\p (1) p ¥ SE4ER SR B & (2) 41

E & E
frd s g (3)
ES

% @%££ﬁTMJEF’ TP R E (5) #AE (BHRF
) , .

}i gRE~#Hwe) (6) ‘*ﬁ;ﬁé:{"ﬁ BRAB o LT HP

()%Wwﬁ b2 F a0

SHETEE @4?£'ﬁéﬁ‘?
ﬁmwriﬁj*iméﬁ%gﬁﬁ =
WRE A B S ENNE L  XNEF
A RIFIEERM > TR wFRDT

Tt e sBirRge Bt IFIdEhks > Taw]

TEEIBEINLRs D 0 RN e

%%ﬁ%lkiﬁﬁiﬁﬁé%%@ HpBuREFR ST

. ’éf']@ 90 PFARL 5 = .E/‘J' é—-’f—ﬁm#‘“ﬂi‘ﬂmjé
ﬁ‘:ﬁ g Eléfﬁ.&aj'«}bw—vﬁr;ﬁ\x

%oﬁ%%ﬁﬂﬁﬁ’?%ﬁﬂ E B
IRIE Ste WS BB ER Ao
365 P SPEA8 A 46 F) 0 LG - B W
A A0 2013) -

2%
-]

m
E\‘ff-“ e iF & W‘Eﬁ;

'h_‘\"-r'

WINTER SOLSTICE

"/Qi NIGHT CONTACT

WITH GROUND

T TN

SATELLITE ORBIT PLANE PRECESSES EASTWARD
ABOUT 1° PER DAY
AUTUMNAL
EQUINOX
VERNAL
EQUINOX f S
\ l / ¢
e S >
i -
BN

/ l \ LOW ILLUMINATION
NHIGH ILLUMINATION ANGLE AT DATA AREA

ANGLE AT DATA AREA

SUMMER
SoLSTICE
N
NORTH POLE \

Bl 4- 1~ % B I #iE 7 2 B

= 12

15.‘§me"5?? oo FH S

B (A

TR KA D EFRR R B 28 % (National Aeronautics and Space Administration, NASA )

7



¥ op ﬂgﬁpri GHETFFERASERFEES -LEP B 55

EBERENAF22ARIRE R
FERFE o LIPS MR 8T
S A E o ek BB E SRR AR RO S R B -
%E‘E%ﬁfi}’if,@,"lré’éé&i”Ti"fﬁ.if\lﬂi‘fﬁiafi@i;mi@ K
g%v—w BRFRE LR LT R R RS HEF A T5 P

i 05 BTG R Pp 2 — o
(=) *Bws (FRE) 234

= F% k> x fLE R & (ElevationAngle) & S ¥ B bt§ &
Lok o fiE IR EJPEUE'J% At R HiE
EO°~90°1F§%TL’9519*”‘,10 TR AXTE 907 o

-

- @3 B R EEXF 4 (ZenithAngle) #4c i 907 » gewd -

i
23 &

= = 4% (Azimuth Angle) & | > 2 8_4 B Hed 2 SRR R
Rl Tz kT g e L (LRpF4) » wigdd o] p i cndE 6 > 91
2R A o h A0 5] 3607 FF o F]H LA 1 0°R 360° -
+E3 90"~ a3 180" ~ @ 3 1 270°

AUp
zZ
h
North

A >
h = elevation z =zenith angle, A = Azimuth angle,
angle, measured  measured from measured clockwise
up from horizon  vertical from Notth

Bl 4-2~ 2B Wws 20423 kB 5E

7 4% &k /& : National Oceanic & Atmospheric Administration (NOAA )



@ PR R E R ETA A B S BAES  E Y D Ll
() ~HBESE L5
Frank Vignola ¥ (2012) $¥ & X Hifitles 3 2 i & 1% > &
% B #45 % (Direct Normal Irradiance, DNI ) ~ -k :'- % &ty 8+ ( Diffuse
Horizontal Irradiance, DHI ) % > = % i %+ ( Global Horizontal Irradiance,
GHI) > 4cB 4-3 123+ > X Z i85 d XM e G2 sl > H g
T ARSI B RAeT

GHI = DNI X cos 8 + DHI (4-1)

»(0) % =~ *7 4% (Solar Zenith Angle ) -

@
’ \
\ Diffuse
\‘,l
' ]
4"\ .l'. I'
N\
\ \ |
Diffuse \ Direct ¥ ¥
\\. - \\ \
n
\ ~ O\
.. ~-__\A \\ 7'/
Direct -l
~ \_\ 'l — ///
2y N e Reflected .y,
e 7 3
Diffuse ™~ \\,"m A R e ’\ I
OO ANS R AR RN RN \ \\\\\\K\\\

Bl 4-3- < HBightes

F#L %R © Juan Reca-Cardefia ¥ (2018)

THEMHEE RS F RS EAL E MR ALY m X ZIEEE

At X §F AP R (Transparency ) 402 B EE ~ R §F ~ Bisicks - -
BAFHEET 2R FAERRENE c FRMI 2 EHFFHE (The
American Association of Amateur Astronomers, AAAA ) & X 5 5P B jE_
R Ao & 0~T o ApB B RIS 235 55 (transmittance) £ 3%
P % #ic (transparent coefficient ) ¥ — > @ » p A & iﬂ" Megumi Yamashita
% (2019) P § X BEHOR BE NS HIGRA > XL AR
ﬁ#ﬂ%#ﬂ%i .—;?'ff%»’”%lii‘l%c%ﬁ*;pmia;é«% %77 e PFEC
TR iEE S U E > X gk E S £ 2R (Photosynthetic Photon Flux
Density, PPFD ) ##>t4e 47 (78 & (5% 5 scd 7 3 > H 245004840 ] 4-4
“roT oo TR RS it 2 R € (2014) £ AL ATy R4 ¢ 2 WRF
( Weather Research and Forecasting ) -3¢ ﬁ"“] ».\m.)i SRR SR R
v EF TR R BRI KT R ( High-Concentration
Photovoltaic , HCPV) i SiEEfl»cF 2 58 A wlfss 7 ~ § 22 4
ROFRT 0 A F B g T F%i&,%ﬁl}#f%ﬁla Vg R b

9



Er PRI GHEFERETAN B AF BB 1LY B L bl

AE TR G R 2R kRSB ZHEHER
BcAp im0 10 f Y B H AEEFS

Whole-Sky Image (t)

Sky Index (S/) | | Brightness Index (8/) |

F sman L wwen
|

:

Classifying Sun, cloud, and blue-sky Counting the fTGQ‘:'e”CY of Sland
portions by S/ & Blthreshold Bl combination pixel

v
l Determination of S/ & B/
/ Sky-classified image(t) / threshold for dividing sun, cloud,
and blue-sky portions
I poial
Calculation of Cloud Cover,

Bl mean in cloud and blue sky areas
and pixel counts in Sun area (B/=1)

Sky condition factors (t)
(CC, SA, Bl,)

W44 2RE2 IWAIILF FEOFLmGIE

kiR
LB A PR S A B %$@@&$%g£’—&ﬁﬁT’
E RIS L S &’&%ﬁﬁ’m%Tgéﬁ B E S
RAEfe e i SHE S BES R G PIGE A S g g
B

S o e ‘”\’?5 FopEE R EFEE® GIES F 3 P (Aerosol)
ER é—iﬁfﬁ{:& ’ E SR

FRRfs [ 2 B RS AF EmeidAR s
A ~
(54

CFEPRLZFEBLEFF T P E B RAEHET Y E P
FHRI O I REH Y E LT ABE R R ERS  EEN S LR
SZA 27X B h > A KT R SFHMLIELZE - F AT BT
SREAEL -
=~ BREREEEE
MRS DR R R AR RT S 2 5 B A AR
RAE RIS MEM G Fu Al R R AL ALELH R
Bo SREEREK L LY AR (2010) B NEHEAFEUSHE LT
% % % %t (Building Integrated Photovoltaic module, BIPV ) » & £ B2 #r
Jfg_‘em-—«fi/,,\]% :143—,)5\ PR P2 BB B BRE
Chaintreuil ¥ (2008) + # M ¥ f & 2 B X T LAl g2 340 d 34 ¥

4%&w~4ﬁﬁﬁ06%mwﬁiﬁ}g B F 16.7%E LI T A dE 4

10



B PREFEBHEFGETI B AFRES -4 P L

Google = # %+ 2015 # fa$>— 78 % % ' Project Sunroof | ¢35 p »

* Google Map f#Fk% ﬁi"%»\lfi? 3DERHHE T EEE X FIEEZ EFI’
’T—f;" > 317 6,000 &Z 8 P 5 E£ o Liang Cheng % (2018 ) i& & Lidar
g2 A% DSM > § 5 d i*’“*ﬁ’;f«ff’ﬁ/i‘fs‘%lii%Lﬁfl )?Jr:‘_‘?v e
E‘ﬂrfj‘ﬂ”xé‘-m Tt o B TRy XIEFRAE o

W THEPRBPPAHPTELI ARG 243 e iE
BISE R T et 22 TR BT a8 ) T
PR T R IR TAPR p RERP R RV
%%%ﬁ%ﬁ$ﬁf’* AAEP BFER A0SR T LA R R
ﬁaﬁﬁ@%ﬁi,l_ﬁ‘u_#ﬁf’&g’“% HEINAEICRTET G P
-\,ﬁﬁfgﬁﬁ:rs FANENEr Ry ERATRIEESE Sk
& 72 (2009) MERFhE P02 5 AAH D EX S BApHERM G
EAE S HBAAERR L AF TR (D EFAR Q) BERL S
(i )(3)3;%.»%;%%@,i’ﬁw;@sg{ E“’#H.%-‘&r’r]45“r
o ¥ - ZMALRERLERIERZ FRESH T E ¥ 2 KYOCREA

k<€ (2011) 91* WindPerfect 2. kAR gz & (725 & wm &8
2

~

!

KC80 ~ B i ficie s b » TR EFRAFRTE » § EPE oy REHR
FEL RIFRE S Oﬁﬁ’ﬁ% WAL E AR § B
ﬁ:g,kqw;aém P2 ARG O OEETEFIFNE o P UEKE R

=cot (h) (4-2)

h: Xk ~H: it 8 R LByl

énm

LR

Bl4-5- 527 LF

FALRIR & R2Z (2009)

11



¥ op Wﬁprl GHETFFERASERFEES -LEP B 55

R (2014) % fRRAE (2015) ¥4 7 A R I E A 45 B4
ArcGIS ¥ Hillshade 2 Sun Shadow Volume 1EHE BRSPS BT
‘}ii FPREERSIES A B R A NTEY 0 A4 R B %Vﬁfﬁ

wRE 0255 Etsigd Bifo m it (Bmarlzatlon) R R HA P
f;‘;f;z R ®R2ZE o Rm o WRES #RETHM (Raster) Fit ";;'?f*v?ific
A et R ¥ o FIH B~ (Pixel) ~ -] @ 7 #& 3L > fo ] 245 F]7 %
PR BB Y - 3G - Lﬁzg@%g L E _‘*Lﬂfﬂ’%ﬁ* » IR
FEES  PFL R RS E VA RAEL w2l L) ‘if”
WAREZIEEARE T - TR fi?&"}f’i CHE S E\? o Ap B it
ARERIEERIE > MR F

<
B
o
&
S
1
7@
I
S
e
o

Pixel
Counts

Threshold

/ L

% N

Gray=Level

Bld-6-hit- @i RiEr B

S %R BoLei £ (2015)
Th )
-t FEw £ RERIEZ N

T2 E ﬁiiﬂ'%’ﬁﬁﬂfii B @B 7V REFE RS R-
A i ( thickness of

AT SRR -
bt e H %m P2 BB 1%‘gd BifokgT s 3 g
WRERFTHBREFEGAE RS AR FR o

At}
NN
T
®
bt
\.‘
3 m

12



ErPREFEGHETRETU B AR 1LY 56

L~y >
AT UEFETRIEL TG SERES EARD RIFE 2P 3 45
R R R oY L SRVET PN é%fﬁﬁﬂ%@P’T»WﬁFW§
HiE AR 2 B A AT o
-~ HBTE 2 EK
ﬁp;ggﬁ@:VEA@,%ia%yvig,ag
é/{4\6?‘1‘i?v‘é?v‘@?v"’bfv"’bﬁ?r‘ ?Z‘ #?F’ﬁr'w
FHEERY LRI R BARE PR EE <0 T 5 RT
e %_f"v (100m~300m ) > & ] 5 A= K# B F L L F (100m~800m)- @
FrRPIZE &EAR (LG 120741 A 524709 ) B 271 B
ﬂ%kﬁﬂi vB 0BG APFRZER &iﬁﬁﬁ%ﬁﬂ&é%ﬁ’
4T B 5-1 %751 o

8\
—
N
b
i

\

4 i%“ » (TR
é

Bl5-1~ 2% %58
ZYpP L F Rk (£ 5-1) o2 ¥ B
TP pPRPFRARLIFIOFEITEOS %
BERPES EPRRREEF R LT ’gﬂ&9yﬁm§% © 5t
B hr i3t OFRBIAET A ﬂ9‘~116ﬁﬁfﬂpﬂ’&
THERSL O AT M- ARV EPIFTH Iy 2T
FITESE X 10 FIFL pREEFAITEHE

IVP;i__l;Z_"_‘i—% fii-lg'f\’_”’ —

ﬂ SRR X AR HE

13



T

B P REEE M E
3,

6 b5 | 6 |

{175 12.6
Eﬁﬁ fiz] 95.7
s 9.6 22.5
H2 5 fir68.5 73.4
{15 2.4 16.0
#31ir90.9) 97.2
22 4.0
Ffr  117.9

7

2@2)
3

RN

LB R E

5_1\%6

8 [ 9 [10]11
26.1 39.2 51.4 61.3
102.7111.4124.0144.6
35.7 49.2 62.8 76.5
77.6 81.5 85.3 90.0
29.4 42.4 54.1 63.1
104.5113.9128.1151.5
15.7 26.2] 34.8 40.5
125.31134.9147.4163.2

F ek LR
%EP (%Z% 120041’, jté\é 24009’)

-1 %_ ¢ 3 ;‘; ']}IJ

XIEMrE R

CP% 121314
65.9 65.9 62.5 53.1
180. 0w177 2211.2233.6
893 89.3 76.1 62.4
180.0}195.6.270.2.274.8
65.9 65.8 60.5 50.3
180.0186.2217.8237.4

42.4§ 42.4 39.9 33.7

180.0181.4199.4214.7

4

15
41.2
247.1
48.8
278.6
38.0
249.5
24.7
226.7

16 | 17 | 18
282 148 1.1
256.3263.4269.7
35.4/ 22.1] 9.2
282.5286.8291.7
249 113
258.0264.8
140 2.2
235.9243.0

AR jL\?P

J'iééjé’v ’

/

4

-~ N

-—

Kilometers

R —r

%E"ﬁ‘q‘_ﬁr‘g

&ﬁmaé#w

r;ﬁ”ﬁﬁ’;

S R S AN R i
B oo e 5 1634256 T > 22 > b4 ¢ W Ba s 73% > B4
T 5] 41.6%-° 33§ 310,745 0 1-5 K 2.
6-20 2 16,881 v ~ 20 w12} 736#9“"?

TR kR

) ik 94% > 53+ 293,128
E_\Lﬁé\kg’l\'&pa\ﬂﬁ\a‘\
,‘T%’%”ﬁ BT AR S R

B 5-2 24 ks ol

PR
A REP FEHTOREE RS RS b FHRA TR §

WEPERES FLFF AR BB EFR BB REZ D

h S BAESHAEHD
a}fl; 1) R E A k&
oMY BRI SR ESgRE L2 p R

%

hr oy

R

N7
_—

44

EE R

E

14

R

R TS RIS
BEp L E e EREPE T REFES B
GO e B s

R

}.Ar’$



B pREFEHHETFRERACBLFRES -4 P L0

LRBER AL o AFTE AR 523 S

(=)

v
- ™\
\/ Start ) 1
\\_l_J Factors
Collection Ve ~
( Start )
Input Input - S S/
A4 A\ 4
T v
Building DEM l
(Vector) (Raster) 2 Y
Map 3.1.1 3.2.1
Rasterisation Area Solar Shading ratio
Radiation Calculation
2 ' ) 4
Vector \ 4 A
to 3
Raster Intensity 3.12 3.22
Calculation Normalization Gray scaling
Y
YR v ) 4 v
L) 4 3.1.3 3.2.3
Potential Intensity Intensity
Distribution Classifying Classifying
DSM
(Raster) v v
~
5 ‘/ End )
Impact
/’7"7'\ Analysis
‘ End ) Sub procedure of main procedure 3
v
Sub procedure of main procedure 2 / End
B 5-3~ 25 2 F7in AR
- = i
= FHRAE
Gl e = =2 ] 22 R WA = A 41 2 ) ;z
¥ B —E‘\,}‘i GIS —Fﬁ\;}\ia.,@ » T L ?\#igxlg S 5N Bos

EEEELATE B GHENTE -

5 SolarRad1at1on 1k %Kf;ir;;g IS EAN S ﬁg?] »E o R R
BHZERTE LPEBR LI REFHREFNIFTESFF AL

‘ O

~F Y 1 ’IL” %'ﬁ—?#‘ll ﬁ’? "f—'%r'g 20 4R }_,}tg_% ﬁi
P30 2HFARPERESRG > o 2R ?ﬁ‘iﬁ# ¢ % ArcGIS



5M DEM
High:996.3

Low:-1.8
(m)

'ﬂ'

)

PREFE:BHETRETABRFRES -4 7 3 506

® Polygon to Raster # it > ﬁaa il S

BAT @ AT AR BB

* o 5xS5 #icim B ARh (Dlgltal Elevation Model, DEM ) » 4] * Raster
Calculator #- —‘F%‘ BARF e B2 BN AFT TR IZFEEF B A

P K
4 #in o

VAR 5 BciE b & #i-7] (Digital Surface Model, DSM ) » 4] 5-

DEM+Floors(m)
High:855.9

N‘Q}Zy. "-\i‘*ﬁ‘f
(L;\;v:31.7
B S5-4-FLiERr Ve d a2 2hes 3 & (DEMtEF 83 )
(=) P R~ 47
Hillshade 1 & $i- %+ ’F{l:}f;—; AR =8 »2L 8 7 PR LA RE
s o ad? 3 DIMPEEIRRED =4 - 2B R (#]
BE > 2016) B B E_ kRS wiek B o3t B A - e AT e eh
AR LR AIEPEL 0255 (A E ) BREFERPRAT I R
=% BoE g or (F Ao BoE AR l'ﬂi‘»\;\ﬁﬂfrﬁé,gﬁ v 255 PR B R RIS o

i ¥ Hillshade ? * =45 < Behé B35 » B =% d 0°3] 360°

AL A PR R0 90° % [ k£ 42 > 18004
%%ﬁiamav’ﬂmmﬁﬁﬁvo%%%%ﬁi{ﬁﬂﬁﬁﬁiﬁ
L eia R RRA S AR R > HgERp 0° (3 TA) 2 90° (X7 )

SRMAERITRS-S (AL FRE) 7L

90 (Relative to an observer)
zenith

T N

East

South
ML BB A R OT
16

W 5-5 -~




E”J’rﬂﬂgf]‘lr}iﬁ,kx]‘ TERETEASHB AP BEES 1A LB

FEPREPEZRELBAENI R Ao p b a B A R E

imﬂ@*ﬂ@’”éﬁ%%*%ﬁ bl B B AR o
Fé‘-\— /ﬁ-rr /z"&L"—"‘ .

Hillshade = 255.0 X {[cos(Zenith,,4) X cos(Slope, ,4)] +
[sin(Zenith,,4q) X sin(Slope,,q) X cos(Azimuth,,q — Aspect.,q)]}

(5-1)
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Zenithgeg = 90— Altitude (5-2.1)
(2) 45 A
Zenith,,q = Zenithge, X 1+ 180 (5-2.2)

2 B IS A A e

AR e GEES id P EAR (RS S e ) EBR LIS S
B(EAE) B e# > A @i AR o T 2V

(1) ##> =4
Azimuth,, 4, = 360 — Azimuth + 90 (5-3.1)

% Azimuth math =360 R :

Azimuth,, .4, = Azimuth 4 — 360 (5-3.2)
(2) w4 2R
Azimuth,,4 = Azimuth,,,4, X ™=+ 180 (5-3.3)

3 HH= I HAREH Y
PEEAIT B FRAEES U TR OB R E S S R
TFm?'L% (58§ 2 >2008) AF7TF B A B iE B < # 2 (Burrough
¥,1998) k3-8 > kAT @ A paaif A p F Bk R F g
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# Aspect,,q4 < 0 > B] Aspect.,q = 2x 7 + Aspect,q (5-5.1)
= (Y v g, 1o (& :

% ()50 ~% (dy) >0
A Aspectrad =3

TR (—) <0 >

] A 2 z
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¥ ¢ > Aspect_, = Aspect_, (5-52)

L IATAN Svfic: Bkl > B ft o Eaip#ice Fi > d- B4 > HrvrId -6
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YNE RFHEERR T TN

Dirg o = Sconst X B™9) X SunGapg , X cos (Anglng, )

(5-6.2)
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