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Fig. 1 Land use map of Beijing-Tianjin-Hebei region in 2018
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Fig. 2 The analysis framework of photovoltaic development
suitability and benefit evaluation
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Tab.1 Evaluation indicators and data pre-processing

AT IS LyIRTR Hdi A
HERPREERST S BOE Anusplin 8 (B8 F RS B e S G
GRERT Y 3t 5 B Anusplin 4 (Eh TR AR i e E A
B o FA R PiH%(Mosaic))5 # R A (Resample) Ky 1 AMAS £ RS (M5 =
WepE R FHIBERE (Slope) T H A5 1 AR MR Kl HifE DEM $dfa i 143
FHFHZ LUCC 100x100 m A % o R B BRI RS SR T
Hb g5 FHE 12100 J7 SR 6 R (Resample) Jy EOKMAE B b ERL B b I A L= S50 ol

HER R IERY FRZCHE B (Euclidean distance)i A5 21 B KIS B FELRH FRAE B
HIERIER % S EN==Y FXZCHE B (Euclidean distance) 5459 21 B KIS B FELRHL FRAE B

Pty (http://www.resde.cn) 5 B b A /78 Bl B0 >F U5 b [ B2 B B -5 PR B
FRAE L (http://www.resde.cn) , Z5[A]43HER 100 m; @ BT CEHERIE T . 92
FEl 8 KRNI J=) B XA VIIRS/DNB %4 (https:/www.ngdc.noaa.gov) , %5 [8] 43 FE R
500 m; & FEAbH ISR AR WG PEY . W BRATEELARGE AR, SokiET
FE Z Al FRAE BP0 (http:/www.ngee.cn) Y 1:100 J7 7 FE LRl B BEGE % ; ©
ST BRI . 2018 4FE & 1 2B IRAEHLE & | il s s ik k&, HE
o ERENE, CRIETEZ T HAREF L (https:/www.ngde.noaa.gov) o TE£HI
T FEARECE T, A7 BH SR 5 AN AR B BEEPESCR RS 2 & AR (B Anusplin 1 (B R
Z2 (B4 PE% 100 mx 100 m AOHIEAS 3 B0 m RRARL T 4k B M BRZS W 8E = 7, TR inEdE
23 [E) 73 HEA 90 mx90 m; IR R I ERAE 2 J5 1) DEM Bdla i H 5521 3k FH S Rl
B R 22 843 HEF A 100 mx 100 m 94 [+ Mo R /728 9 Be 45 5 BRI e i s R G G i
A 25 ¥4k H Buclidean distance T H. TR A3 3] ; S AR W E 1: 100 T3 Hu S 2 AR
(1000 mx1000 m), Hi THuSHEABHL S DISEAMEAE S W] B A, MARESHE, Pk
KAEN 100 m 25 [0 73 FER S5 XA EE S EE . 2=k, B B0 A B[] 7 53405k 2018
i, 28 ARG — R Albers 052, T A Bds 1925 [A] 73 BRI 58—/ 100 mx100 m,
3.3 e IR A I G E

AR B B S P T BB R 2 N E B, vl k305w O MBI R4
FhmAE . B MRS . BEE VIR OO TEE, EUOE RS B CR IR GRS (X R A
WhEZ IR, PRI E —E = B, NG G EBROBR AR, o IR e 25 K PH R 5
FEFTH RERFR], 2 W52 e K FH BE 0T U B 25 (] 0 A o P B FURE X -3 1 75 Jt 4 B A= AR
TR WIFAR I T, BEE ) 1L 8 WAGE BB IR 8 . @) AR PR 2 A0 F35 1 el 3ok i B 25
P AT T S s AR L B T, B AN R AU R i 45 (i 5, R AT 38 4%
PR, R T S A T P T B RS RV R FR R . B G, RIS 7R
s, WIS I ) 15 AR R, 4 I B3 i i A RE /L AR K Hi AR AR
@) KGN Z AP K PH SR H BRE 8L, mirE SR sl i & i m MG, st
NG R ES T RN U R =L N S <3 AL D Y N ENEUE Y ek c O = B U B G Ry VA
KRR, KHSRH B, HBREGEAC, UiRHH R FHEE IR A iRy, A AT
IZHB XSGR T A H

RPN BB e SR, R B bR E B ES . SRS, e
AT CARTIT K 3 B VAN 1A X R bR AT 2 oc g2 W, 38 R COR H O 22 K
(VIF) FIZE2 B (TOL) kFIWrgbrial iy 2 n LR PER A . 2 VIF>10 (I TOL<0.1)



34 XUSEARE A5 Bt XOGIRTT %28 18] 3 AV RO HRAL A T A 669

fF, RUFT kAR bR 0 2 o4 v ™ x2 ZEHEUKBESR

B, NEIFRIENIE . a1 Tab. 2 Results of multicollinearity test
ko<1 ke 19 S B B F X, 38 fibi B SEBIRUEE e
PR 214360 [t FUFT RO S8 AR BRLER ST (ASR) (Z;? (EZ?
MR PR FOGAR I A id H M FE % (SPU) e T RU(DEM) 354 098
fE, B Stata BAFHATILEMEZET GR a pmpagasm 26 038
2) RIAFEIRE T Z I /N F YEFE(SLO) 1.88 0.53
10, ULIASAEIREIIEJC R E AR SEAW LI 2 (DFC) 174 0.57
34 ARAZE FHFHRASTY) 15 0.66
3.4.1 IBRNEBE M TATERRIER BRI (DFR) 1.42 0.70
TR, EHNIRANFE, ok E T HFIR(GEO) L 0.89

FARTF Ll B PEANY, PR b 25X 4%

TN FERIEATAREAC AL BE , DU DR A8 AR (0] TGk LR U A I o AR SCIEEUAY 8 R PRAR
PR SR T 3 ECE B 5 1 0] 43A T [8] 5 M) R8T SEMR TS BR o 1 ] 5% 8 AR R T8 PR e
MR, HOBIR I R dd B s W R AR 2 o Hop, IE M5 AR 045 ASH. ASR,
STY. GEO, #[#545f245 DFC. DEM. DFR. SLO ([&3). ¥8tRFrifE bR 2445
WAL i, AR,

]i_lmin
IEW: S_ Imax_lmin (1>
R I -1
lﬁjl_ﬁ“: S: Im[:jx_lmlin (2)

s SFERE AR IPRIEARAE, HAEMEER N 0~15 L2 i FEPRISEPRE s L 2R @
TEVRHY IR s Lo 95 148 AR R/ MEL
a. BEE KA Y b. BESRTTE

c. 4 H % d. iR

K3 OEIRIT RN 7 Eda gk

Fig. 3 Dataset of evaluation factor for photovoltaic development
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Tab. 4 Principal component load matrix

BN PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 AL (%)
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Fig. 4 Area statistics of various suitable areas of photovoltaic development in different cities in Beijing-Tianjin-Hebei region
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Fig. 5 Suitability of photovoltaic development in Beijing-Tianjin-Hebei region
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Fig. 6 Overlay map of photovoltaic development suitability and nighttime light data in Beijing-Tianjin-Hebei region
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Tab.7 Emission reduction effect under different scenarios of photovoltaic development intensity
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Evaluation of suitability and emission reduction benefits of
photovoltaic development in Beijing-Tianjin-Hebei region

LIU Licheng', SUN Zhongxiao', WU Feng®’, ZHANG Xueliang', ZHANG Qian'
(1. College of Land Science and Technology, China Agricultural University, Beijing 100193, China; 2. Key
Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural Resources
Research, CAS, Beijing 100101, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: As a fundamental energy consumption base in China, the Beijing- Tianjin- Hebei
(BTH) region has experienced an increasing demand for clean energy in recent years.
Photovoltaic power generation is a key for accelerating the transformation of energy
infrastructure in China and achieving the goal of carbon neutrality during the 14th Five- Year
Plan period (2021-2025). Taking the BTH region as a study area, we construct a comprehensive
evaluation index system of "terrain- weather- cost" to calculate a photovoltaic development
suitability index. We subsequently analyze the spatial pattern characteristics of photovoltaic
development suitability in the study area in 2018 and quantitatively examine power generation
potential and emission reduction effect under different scenarios of photovoltaic development
suitability. Results indicate that: (1) The suitable areas for photovoltaic development account
for 22% of the total area of this region, and the largest portion of this area is moderately
suitable for photovoltaic development. The "Yanshan- Taihang mountains" line geographically
divides the areas that are suitable and unsuitable for photovoltaic development, and a range of
potential areas are distributed in prefecture-level cities of Chengde, Zhangjiakou and Baoding.
(2) Photovoltaic power generation in the BTH region has great potential. Specifically, the
annual power generation potential of the extremely and highly suitable areas is about three
times more than the total power consumption in the same year of 2018. (3) The energy-saving
and emission reduction effects of photovoltaic power generation are remarkable. If the
extremely and highly suitable areas are used for photovoltaic development, there will be an
approximate 47% reduction in carbon emissions across the whole region, according to the data
of 2018. (4) Despite being restricted by limited land resources and the absence of an advanced
transmission network or energy storage system, large-scale photovoltaic development is still a
viable solution to energy supply issues. It still improves energy infrastructure, achieves the goal
of carbon neutrality, and enhances the well-being of citizens in the context of global climate
change and the new low-carbon economy.

Keywords: photovoltaics; suitability; power generation potential; carbon emission reduction;
Beijing-Tianjin-Hebei region



