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Abstract: Urban rooftops, one kind of unused land resource, have become the optimal room for solar photovoltaic
deployment. Rooftop solar photovoltaic would be the main source of decarbonizing electricity supply and will play a leading
role in the realization of future net-zero carbon cities. An accurate estimation of rooftop solar photovoltaic electrical potential
contributes to scientific programming and reasonable arrangement of distributed photovoltaic, land-use efficiency
improvement, and ecosystem disturbance reduction. This study aims to comprehensively review rooftop solar photovoltaic
potential influencing factors, estimation approaches, and models. The advantages and disadvantages of each approach were
discussed, and key directions for future research were summarized. The results show that the rooftop solar photovoltaic
electrical potential estimation based on rules of thumb has changed into quantitative and spatial analysis. The adoption of an

optimal approach for estimation should trade-off between the assessment scale, accuracy and cost. Among the three current
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approaches, the sample methodology has lower computational cost and data cost, but uncertainties and less accuracy are the
main problems. The complete census methodology has higher evaluation accuracy but is limited by high data acquisition and
computing costs. The machine learning method is more advantageous than other approaches for large-scale electrical potential
estimation due to its ability in big data mining and algorithm performance improvement. However, there are several problems
in the research field, including the gap in accurate large-scale assessment, the uncertainties of outcomes and processes, and
the lack of specificity. Three aspects should be highly valued in future studies: 1) establish a high-precision simplified
model suitable for different regions and complete the technical potential assessment model; 2) figure out the influencing
factors of rooftop solar photovoltaic electrical potential, and provide a theoretical basis for the improvement of the
representative building classification system and the selection of key feature values; 3) incorporate the impacts of
photovoltaic installation scenarios, rural roof quality, urban public building roof ownership and energy demand on building

rooftop photovoltaic power potential into the assessment framework.

Key Words: building rooftops ; estimation approaches; solar energy source; solar photovoltaic potential mapping; net-zero

carbon cities
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Fig.1 A hierarchical approach to rooftop solar photovoltaic electrical potential estimation

(ﬁﬁ@ﬁ%ﬁﬁ%%ﬂ(

4286 AR ¥ I 0%
W i — : -
|
R ! T | e
IERHE ! AR . 2
l AL AR ! e
| |
| Ej:
| [ rmn) o] PR
! |
! |
| - e/
| - | FY s
i |
| |
: L= :
v P T HE M !
Z |
AROP T AR L ! |
ACERBERE :
i i

1.1 YHEEmHEE

IR PR SR 28 R AR S R LR WSO B G, — &R 734 it L H B A M R PR AR AT, 73 — T - KRR
A B P o 22 YRS S 0k M SRR A RO S, R 2 R KT R AT SR K PR AR S ) R R A
RASFEAKALIE " KA A RN A PH A7 R, T A 8 e 7K P i 4 St s s 2, A B Ao )
B BT TRD AN W b, i A AR Al o X6 TR o e 37 A b, LA e () sl 8 e [1) B 1A A B 6 S 7 SRARL S5 R T AR ]
RSP RSP & A Kk KRR SRR 555 Hb 0 R A1 77 7K P K PR St 32 S 2 A A B R
SHE LR R 5
1.2 HUFERZ R &R

R T 2% IR 2R LAAT , 52 2 ) e SRR X8 A BH R S ) 552 e L, AN 25 2200, e 35 i R 3R A4 ] 5 0
P4 SRR TOURAAE A TOH A R ) BRSSP A 55 b T A 14 | 590 308 P RS A JE 14 = A543, BF R 30 14 T
AR A BH A 5 , T RO AR R AR o TOURR IR A 458 Jo O AR i ] s T AR e 1 DB AR 910 1)
LR PR TR AR AT ) DR T AR 8 8 2 0 4 ST B A B i S R TG i 2 A R 2y el s SR
TA] FF 6k & r AR, 0 an -4 JUS% s ) | 5a XU R sk s AL b7 S AR d 5= OB AR 22 5 3
T SR LA B R TR 45 7 AR AR K /INRITEAf R TR DG AR RS 557 07 =X 4 e B e/
SR fe/ N A BH R S B R T o A R A 2 4 s A 2R A R i, TR LG 7 AR i S PR 2 A FR Y6 IR A
Ja, AR B SE PR A s AR AR B B o eAh DGR BE S S $aile— 38 43k B TR [ A SRR 04 S S m 5, g
i 2 M 432 TOOG AR FE ST %) O R S0 2
1.3 FARFmEER

TR K L R GE G HL BRI e T O IR R G0 5 20K SE BRI R BH R S e 4 S B RE IR B i, R BE3Z2 Y
R R RSN R AL R R R RS R AL RCR , EE AR R AR Al A PR R R ARk 4
PFEARERE, MIMBHEZW RGEHCR, EEAAFETG LK A SRR A2 B L8
WA HIFEAE . AN Hb X AR 2 0O AR & L 3R G ) 7 B R F IR1 RSB AR A, 32 A0 R 36 25 S, G
AR W SRR ESR

http ; //www.ecologica.cn



10 441 TR A IR R OGO A o v PTG 75 VA AR 4287

2 BRI 53 4 R g

AR ST 0 0 v [ BSH0E 22 R Web of Science A0 B SR B R XS DG SCBRIEAT AR R ik . Hivh, s
RN SU= (BT R T+ X+AHT) « CRBIBEGIR A& 1 7+ K BHREGAR A VG I+ RFHBEW: 7))
s (PP +H R +BF T+ 8T ) 7 5 TS0 ks R 200 “ TS = (('rooftop photovoltaic” or 'rooftop solar photovoltaic”)
and ('mapping’ or 'assessment’ or 'estimation’ or 'quantification’) )" , B [A]JE I A 2000 4F 1 H—2022 4£ 6 H 3t
For BT SCCHR 13 5, 9 SCSCHR 400 o ARPE TR ZEPR HEZEICE 93 FA% O SCHR AR MEGLEE . 1) PR NA R
A 55 A SR TG AR 0 B 0 P B 85 0 DA PN T800 5 2) P50 05 12 D SRR 12 AT PP VR AL 227 ) 12
S50 2005 A LAHTHARE TOGR & g I proe i 2005 4F DL G 2B K G (5 2) . B &
BEILTRAE O SR TR FHBE AR B 1 2E 47114 52005—2010 4F 328 847 A 1 BUALE 7F T 4 T PTAR V5 19 7
FH52010—2015 4FFf 45 25 [ 8500 0 AT AR, DUEHR BK 21 o L il AL 28 2% ST VA P IR 1S 21 & e, 30T 500 /= T
AR K FL TS 3 I 3 B3 TR R BH BB R B A5 e 19 AU DX I, S Ay 1 S W RS0 R X i e e ) A
T I

B ALESAE L ¢ AW WOREE

W
S
1

& 23k =
> 40 | N

o2 l 5

5 2 30 - éﬂ R

Eg 20 2 N
5 ol | B Jee =

(=}

2005 2010 2015 2020 2022 10 20 30 40
Ay Year SRR Literature quantity /£
B2 XEEEMNIEEFENRIES 6
Fig.2 The literature quantity and geographic distribution of methodology

3 WHEAETARERENTHAEERE

3.1 R
3.1.1 REEE

123 )50 Bl = s R AT R EE SR I AR 2 SR R I RE XA e SR AT 00 28 i i 40 2 R R PR A
ANFARFRME RS JZE TR R M, DA ROR B dE 5= OB AR & f i 0 i 7 TR B R SRR T | A 466 o7 B R AR
MZICRFEE SR E AR IS B SRR A D) BRRs BT 20208 XA [ S AR 2 570 J= 100 A ) P P a7 7 e A 0]
A L R AR RBOREA T, EPRREIRE (TEA) 10K 2 10U T A 4 4 o 55058 B0 R S
HAE AR TEA B8 01 [ A AT 24 85 A5 o el 550 =8 0T R FH 3R OB 0.4, 3% 285 WA 0 B E Al 0 52
Bz RGN, — S ST SCHREE IR R T B R T 2 A 9 X R T ] R AR O S (A R A T SRR T
AR B LTI IEAL . (HRAS [R5 DX g SRl SO fb | BRI S5 22 S Bk, TR == T ] 0 FH R 0
(HEA X 2257 BV R — D e M 57, HEUE 22 S g W 1 240 S T 4R R ORI ARG
JE | —SERF 5 AR EE S T e AT 40 IZ e IR 25 %l R TR S g ST AR 0, 43 B R [ 26 70
SR IO AT R R AL, AARICE RS o I AG 45 5 A N 0 %% B Rl 500 %85 2 45 T 22 R 3 ) AT
J TUPPAT ) 22 0 R B th ] 0 — 20 B 1 TOUIORS B8, (R PP A bt =2 e ™
3.1.2 Wik

S TATVPAR VR S JE T b 325 [R) B T — e DR 22 i e SRR 2 A% AR IUR TR | S 2 DL I 2
T IR S S50, 45 6 W R 2 BRI RD A 3 TG AR & B v I AT PG O vk . 24, B6 T 30 — At

http ; //www.ecologica.cn



4288 xR 43 4

U M B8 Ak, 1T L 8 A T R PH AR XA B, AR R A BH e S AR 7R AR I S T A N B R BH 4R S
0 E T SRR RO AR i 2 I K AR/ N R B R N R TV . AEBRE = AR sk A T
SR REEPEAG I, 5 2.5 4eBie A T0PAh , 2.5 B 5 m B, EUK 2 2 sl SR B i AL A KT ik, HLAT
i F AR T BRSNS S AR — 850, Bt AR AN 1) AR B A1, FELDTA 65 SR AOHE FEE AR T = 2By, 22
IR DU RN A X R FHBETEE T 05 . Al , 450 o i T K RO 9 1PAL TAF (H i T o= & B
5 PTG 45 SR 20 T B 2 B Y O T AR T A I R A R A DA RS B, — B A A
VB A AC TR, TR , 40 FH S 5] 43 8 T st A A S D SRR L R BRI 12 A i e o) ) 2 T ok
FTA PRSP b, FIF Arcgis RADIANCE/DAYSIM F1 v.sun 25 502ETT F S48 U TR0 A 1) |
RS 2= TR R SR A B 455 B, E— S BB AR AR 05
3.1.3 Hlawe ik
BLES 2 >0 1k DA B2 () CH | el Fndt & e B s s A8 i, R4 70O R BHAR S AL 5. 2 TR EE 50
AR TR | A FEL i N DA R SRR B B, DTN AR R 0O AR e v i AT VA, 127 TR R R I T2k
P ] VSRR E A5 T 0, A g AR R A 2 BEE TR LR R A Bl 2 AR Bz s AR
J'&, Assouline 451K T RE A FEHLAT GIS AHLGE A, LARESFUARRAE Sy A% Fek TUI00 by B85 A OG IR, 30 1 %o 3+
1901 /™ T8 9 2 3002 TR AR & Fa v 07 A 7 0RAd 5 78 B 6ty 0 AT R MRBAL 72 X Bty e 3002 TR AR & i v
FIIE AT HE R A [A) A3 R (200 m) A PEA, S50 1 ) i a5 R 2 THUHE 25 06 K BH 0 6 A S ) el 75 1Ak 4 SR 5 o
K, BLAb, BB 2 4 k45 6 S A AL ARG i $2 O 5= RN I J2 25 M 48 80, AR A T LA 3k I
B AR A LR BORS B = 7 AE AT AR ) ROBE BT 5% Aot B AU AN [i) B33 A 31 B A R 00 A R i 5k
FLAR AN 5 15 BEPL AR ARV Fe A E & R SR BE IS ) W R s 38 8 14303 W 3 P IX O R B 4 Bk
RERFSE ),
3.2 @R TOLR A BT PEAL B
3.2.1  KBHARFHE S PEA A
IR 85 S 0 A AR m] Xk K S T R BHAR S R T, R B R L IR ARy B R P 2k | 20 AR A 3 1o
ST BH R S RN A M 2 B 3R 5 R G R A K 1 K FHAR ST, % FHZE AR Angstrom ™ $2 1 A9 H IR H 43
KPR (1), AT B BB ORI T H BB ( duration of possible sunshine ) X 7K - TSR B EA T8
P T B OB L NS B E et 2 R L BeAh ST B AR S L iy B Gl 45 A T AL
TSROV G Ak v s i 23 S 0 7K S T A P 48 S 5 | E AU 5 0 s BTN AR i s RN LK
SSECRIIAIR AR 5 Ry AR o, 38 e e A /0% A BH A S 08 11 55 4 R, 10 G 25 A RRLBE 5 o B R0 D) AT LS g
B 2T ANl B LA R BREE AR B gy AR B 3 Ak 2 %R BH R S ) S5 VE T A RS AR ST L 24T,
SolarGIS .\PVWatts Fll PVGIS &5 T4 BRI 37 1 4R K PHBE SR 5 IR B 2 | I 9t 2 5098 ) 32 R A,
G S
EO =a+b Sio (1)
Hrp, ¢ bk SRS, 6, NIER B, o b HREL, S,S, 4350 H BEHECRTAT H R4
3.2.2 MBI I PEAG A
O PG B A AR 1A TR A ) 3 B SR IOGAR B 51 S BRSO SR B AR 5, vT 43
(AT L R G | U S A S R S = A (R 2) Y
G, = Dir cos@ + Dif, F,, + pG, F (2)
Hrp, G ARk S K FHEE ST, Dir, 7KV B ST, Dif, KSR ST, 6, AKFra5RST, 0 K
FHER S AT, p MHBR IR F o L F 43 5 R A S S ) e e e R
30 3 TR R S S AR S P S o S 4G DR S b LS O DA 1) O 3 T A% 1) [ RO R S 1) () O
FIRTBRARE , FRCR AR kg 25 ) [ P S AR TR AR 45 1) S M RO AR R A V8 0 PPAG I 52 v, o P 9 45 1) [

http ; //www.ecologica.cn



10 441 TR A IR R OGO A o v PTG 75 VA AR 4289

MERBUFEAL S Liu A Jordan IR (503 8 FHI 25 1] S5 PEIBUR B RL Peres £58711°Y (20 4) 1 Hay A1
(LF5),
Fu=(1+cosB)/2 (3)
Horr, B ARSI A
F g =f1%+ (L =) w
Hrfr, f, T f, AR REL, a B b A5 KA E AR CHY LT R 5L
1 + cosBB

+ fosinB (4)

Fu=Acosf + (1 —A)(
Horbr, A DhoK-F BRI 5 RSO ST B UL

B SRR SR ] T EARYE Duffie 711 Beckman™> HAHF 5T R T BUE , AR TG b v S B E A i e , H
TEAXWT .

) (5)

F=(1-cosB)/2 (6)

323 HORW AR
FORW B B AE ALK PHBEGIR RGE A C LR M & i iR R bR 85y

FRAMREMAZGRFE (X T) o SRR AL PAEE IR RN PR 5 55 40 T S AR 4 4 iy e 4
R R R AR R 0 ) EORRS T HEAT PP TR AR L XU | PR B R | R R o 26 AR IR I
A i TG AL B SEBR AR IR B ; O ECRTRLE o AR R IR R AR K PH R T DL SOk =
BOHEOCRA M AR . RERCE EZIHE TGRSR AR A R R 4 101 2k A AR R R X
O L A0SR 1 S M, b R AR A3 2R RT3t A8 28 460 2 T 49 S35 i AR AL 28R PVWan SR 7 H 58, FoAth 451 26 )
SHEMIETRITARBUE™ , SRR FEe= i, v] 38 13 2 % Hopb SCHR 25 BOG IR 414808 f R G sk
RINLIE LGSR R P A RCR A 14%—17% " RECERBUE N 80%—90% ™

P=G +A-n-PR (7)
Hr P oy SR TOGR R B S, G, F1 A 4351 ARk K FH AR B R AR BHBEGAR BE 5 B m AR, etRad
TR, PR IR R GROR

4 FAERERENERRSNA

4.1 JrEmy kRS R

I ] R0 500 S22 IO AR T e B, BRT i ik 3 500 J2 T0U G AR & F v 0 TP D i 1) S HL A T 2 (9 4 0 4
FH Bt A SE [ A 28 A St DR LA Hb ] A 32 10 S R b DX 7 3 R R A L i S 22 50k, F
T =R RS AL (3R 1), BN [R) L DX B9 5 7 206 75 TS wT AR EUE B8 o P74l RS P
RS BE SRR R LAB 2 318 B PEAG 7k

BT R b DX ELAT 3 S ) i S EE 5 | DR SR A T R R TEA £ th T IR 5 B A AR D
IR % B TG ™) T2 K AT AR I LR B e B 25 5 S B, DR T i A R DA S s ) 3 e
I IR BT T ATz R AN AR5 2 W RIS ZE AR 0 DXk, 35 1 28 T30 R ) 3R B0 1A 25 RAT A B K i
22100 HR ORI I A B B e P A SURE AR ik = 58 — A, — SERIF 5T e BURE AR B0/ HL B = BTG 56
AL IEA S B Z 25 B B A R A AR A R R, LIDG2E B2 A50R LiDAR $UHE b Sk B
) 42 TR PP A 7 SRy Sl RUBE N DX Sl RUBE A5 31 & 8 2007 VR RE A i S U SR S SR LUK i T i 5= 0O
PR HL ) SEBRTE g, 507 M ZRASEAY ( DSM) AE A% OB | 78 2= TOURS B B B J2 T A Fn sl 1) 113 2 O 28R
SR T 2 S5 A AR ORI B 5 AT O T B A AR B B T ek RO X = SRS BE Y LiDAR %5
Wit R A SR AR S B RS B SR I E AR R 22, AN, B AR BR ) T 12 9 A R IX 38l R F
FERIHET R, ALERRE 2Tk B 5 RFEE 3 RN T SRR RS DA O A B I SR UG AR

http ; //www.ecologica.cn



4290 xR 43 4

B IPEAR , T2 A RERS 700 B B2 R4 S 2 TR B A 2 18] GORHECHE | DRI HC BT 2 22 TR 1
WL 7 > VAT R B R R AR (L, 7 DR ] S B SR AR A 330 (5L 0 e Tt = THUE 25 s T o)
[ IV 45 D BB, M i FUA 78 R B LADAR B 8 5 1140 e 14 R RN b S8 X A RE S 20 e Ah L
iyt o B AR AL A 15 LA B I R AR B 4 2 X ARG B 7™ A s, 238 L it | 1R RUBE PG T2
ML T ik A PP S BARTE PRI B AT oRmRk (A 32 3 80 nT AR HOvE R B A3 A /Y
SN R M DX A 75 205 45 SR AR VA AR HOSC B s SR 2 Ml T BRAR BT A Rl 1) AR AT 2 SR OB AR A L T
VAR
®1 HHRAETNRAMEE DTG ERRRRRSR

Table 1 Principle, advantages and disadvantages of rooftop solar photovoltaic electrical potential estimation approaches
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