Sustainable Energy FJ3R4LEEVER, 2026, 16(3), 63-75 Hans X
Published Online June 2026 in Hans. https://www.hanspub.org/journal/se
https://doi.org/10.12677/se.2026.163007

FE&HBNAREENXBSFHIESERK
HEREE

E P RE

YE IR R IR AE, iR KD
200 Pl L FL TR REVRAT PR A =] S M 73 A ], 530 SR

Weks H . 20264F5 150 FHER: 20264F6 H8H; KA HIH: 20264F6d16H

H E

OB BREERT, SRR B ORARERIRS TR0 B IR, (HE4 A KPR IR
BREN. BAFRRKMTRT ARG HFERAEER, FEREGRIKEEIH B K X R
1k, FIBR R B AR DR ERA F X IR E R IR S TR 2 T2016~20205F 2 H31MEFATBIX
HRBHENF R FEREENBITEREE, HEG20215E6RKTF T X EAMEHER, F3ON
KR, PARNRRE. AER. HRXANBSHHSETE, 2% 7T REEZOLRERIXER
ARFMERFEA R SRR : 2016~2020F&H X EBOLREN S RABRFRIHEK, ARFY
KRN, EHRFERRHEEES PRI EROEEERFIEER, BARRPLZES R RBR
BRXMBALIT R ARFERXBILARRIMTRBER: RERXKEOUR™ HRRKFEI L, H
BB = B TR HE; WS T REMKE, RPBMNERBGRER —kLED
WAIHE, EE. RIELHEESX B TS, RESHOLREE 5RBAMTXESHERLR, +
WRRAREBEARY; EERREBHHESHBRTREMILEERSRE, FEHRERAHR B HEH
HHER, REARFHLXEER B SEAKFEERE. TREREEKERER, KMHREIEXM RN E
RATARENY RS R B, WEUATF 5 R IE [ IRSFTIE IR, FIRER
e XL K B H AE S, N ARE SR REM T SOURBIRY KEE AT X RFER,
EFEMBRFLFHETERURRERE: RPEBKREAFNSY, EamRuRER— L. TRk AR
HREFATIHBILITF RN, A TESERRE, FREEEFIOVRERRYR, FPEEME
REREE. BEMmBEESAMEMNER. FTALGREGARBEZICRERMR R, JFREAEI
K e == AR R AL 3R S 3

XK
HREH, BRSF, BAEHRAR, FHMAR, HRILE, SRUAMAR, THRE

XESIH: R, B E AR R B X 0 SR S = A R R R ). T RFEERETR, 2026, 16(3): 63-75.
DOI: 10.12677/se.2026.163007


https://www.hanspub.org/journal/se
https://doi.org/10.12677/se.2026.163007
https://doi.org/10.12677/se.2026.163007
https://www.hanspub.org/

A %

Regional Differentiation and Pathways
for Differentiated Spatial Optimization
of Provincial Photovoltaic Power
Generation in China

Kesheng Hu2

Wuling Power Corporation Ltd., State Power Investment Corporation, Changsha Hunan
2Guizhou Branch, Hunan Wuling Power New Energy Co., Ltd., Guiyang Guizhou

Received: May 15, 2026; accepted: June 8, 2026; published: June 16, 2026

Abstract

Against the backdrop of China’s carbon peaking and carbon neutrality goals, photovoltaic (PV)
power generation has become a major source of incremental growth in the country’s energy transi-
tion. However, pronounced interprovincial differences in solar resource endowment, land availa-
bility, electricity demand, and development models have led to substantial regional divergence in
China’s PV development, such that a uniform development pathway can no longer accommodate
region-specific resource and demand conditions. Using data on cumulative PV installed capacity,
annual PV generation, and electricity demand for 31 provincial-level administrative units in China
during 2016~2020, together with 2021 information on PV development models and land-use struc-
ture, this study examines the regional differentiation of provincial PV development in China from
the perspectives of growth patterns, electricity generation per unit of installed capacity, land-use
differences, supply-demand relations, and driving mechanisms. The results show that, from 2016
to 2020, both PV installed capacity and generation increased steadily across all provinces, although
the pace of expansion varied markedly. Resource-rich western provinces and major electricity-con-
suming provinces in central and eastern China exhibited stronger growth momentum, giving rise to
a dual development pattern characterized by utility-scale deployment in resource-abundant areas
and local utilization in load-intensive regions. Persistent regional disparities were also observed in
PV output performance, with western provinces consistently outperforming eastern provinces in
electricity generation per unit of installed capacity. In terms of land use and development structure,
eastern and central China relied more heavily on distributed projects such as building-integrated
photovoltaics, whereas western and northeastern China remained dominated by ground-mounted
centralized PV stations. In several eastern provinces, PV development showed substantial overlap
with farmland-related land use, indicating stronger land-use pressure. In addition, the spatial align-
ment between PV electricity supply and electricity demand remained weak nationwide: western
provinces exhibited a higher local absorption share of PV electricity, whereas major load centers in
eastern China generally showed low levels of PV self-sufficiency. Panel-model results further indi-
cate that solar resource conditions affect both PV capacity expansion and electricity output perfor-
mance, whereas urbanization level and the share of the secondary industry mainly exert a positive
influence on newly added installed capacity. In other words, resource endowment largely deter-
mines regional PV generation capability, while population agglomeration and industrial develop-
ment conditions primarily shape the pace of PV deployment. Given these regional differences,
China’s PV sector should adopt differentiated development strategies. Eastern and central China
should prioritize land-efficient, load-oriented deployment models, including building-integrated
photovoltaics and commercial and industrial distributed PV, whereas western China should advance
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utility-scale PV base development in an orderly manner under strict ecological safeguards, while
simultaneously improving energy storage, interprovincial transmission infrastructure, and local
consumption capacity. These findings provide empirical support for region-specific PV develop-
ment planning, technology deployment choices, and the spatial optimization of China’s energy sys-
tem.
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Figure 1. Provincial cumulative installed capacity (a) and Annual power generation (b) of solar photovoltaic systems in China
during 2016~2020. Note: The y-axis in panel (a) represents cumulative installed capacity (104 kW), and the y-axis in panel (b)
represents annual power generation (108 kWh). Data were compiled from the “China Energy Statistical Yearbook 2021” and
provincial statistical bulletins
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Figure 3. Provincial structure of photovoltaic development models (a) and distribution of major land-use types (b) in China at
the end of 2021. Note: The y-axis in panel (a) shows installed capacity by development model (104 kW); panel (b) shows the
area of major land-use types associated with PV projects (km?). Data were compiled from the Bulletin of the Main Data of the
Third National Land Survey and the 2021 Energy Statistics Express Report

E 3. 2021 FRPESEHFREELAFLLREN S5EZRAMBERIF (b). F: (QBRRTTRFLERXD
ENAE, BAIA104kW; OBERRTARRBES RS ERMEEE, BAH km?; BEKBETEZREEEL
EFEHIIFAREK 2021 FREFFITRIR

3.3. RRUBREFHER XEHBMA TS A

MAL I BER R R IR R 2R G, FEDEIRAR A4S 5 D FSRAFE T AR G101 4). 2020 4, R
8 2 BRI ) R SRR B 4 FE BT 81, (EDG AR LR A Fi ) R SR BB Sl i I T o 7
Hlr BraEAE P A D, DR R A L D AR L] CA T BRI 4). 8RR,
FEDGR IR R X 5 B G A B SR 8, PEA R IR ED IR R DS X, T AR
Pt X R ] HEL 09 Bl AL AR X, 3R 2 [ A BCRFAE A2 e g DG AR b X 3822 7 A R e R AR PR A%
LT,

EIRETRESACRRAE, BEUUE 7 IEAF X0 R MR A% 0 ) 5 B S AR ST . X P AR B
BB E, SRR B GF JE QN AT & #ei “ mbtBlE g S maobE” . IR
MBI RREY R, A R O N E RIDLRE T, FORXBRFSNE, Bk, KRR
SRR T AT © EASRPLL SR LR MNITEL R T, BRI T 2O
PRSI @ FE @B ERE i, SeTHe R RTE S MEE T © InbiEsa ks
R ANAEIE R R, WEEES R T, SCIDBIRE SR E .

ST R I A ORI, 2 BRI 2R S Y M R A s A A PR, R AR A T T e
BV /NG 2P O RS 8 1 M) K SO S o N | -9 o 7 W s B i G 1T PR S b el 2 SO S R
e, I, ARSI RN U A SO RO G, B R ERDE IR Sl TR R TS
Ry AFEFOCR . A HANER GRIF R, KB “/D G, miligh. 27 e A E, 783
P24 A 2O REE 77, RTPAHOCRE AL e . A BFFRWRIESE, FREZR i X R TR A
A ERIIT R 1 SR ES, SASCIIRT L4 e R A [12]

EMIR R, AT G R & F R ELGUR RSB TR, DURBOGIRR BT X
SR L D RE R BRI, AR RGESERHZ AT h Bt R T AR . T8 DXz b e
IR HOG R R B AR X A 75 5K A T8 K, MR TR E GRS A Ae g B g AR

DOI: 10.12677/se.2026.163007

70 CIERZ 4=


https://doi.org/10.12677/se.2026.163007

T A

Dz BB, tEARFOCREF B RGP AR, 2R 7 AR L 5 EORK 04T
RZNBTIAF BRI T R 25 1] o

25
700 - - 20
@ ® L5 &
600 H o= K 10 2
_ O Akt EE RN I 5 %
£ 500 . REVESN ‘A@ Vg 0
e 2 AR
o400 _ 2 .
ﬁ ey *
22 300 4 i Jei
= BT
* 200 i U R
gﬁ/g L
D
LI Ly g7
@7[ 4/\ O ;-c\
0 llrlr IrFJI—lrIIIII{IIIIIIIIIIIIII %g@i%\ﬁ& IOS
KHSERHBEKERIKESZREEEEREIREERELEH %@* A I = 15 33
SKREUSSESL ol BEEEXnk- R IREEEER R 2
BIATHX e 2s

Figure 4. Provincial solar photovoltaic power generation and total electricity consumption in China in 2020 (a), and the share
of PV generation in total electricity consumption (b). Note: In panel (a), orange bars denote solar photovoltaic power generation
(TWh), whereas green bars denote total electricity consumption (TWh). Panel (b) presents the share of PV generation in total
electricity consumption. All data were standardized to provincial-level statistics for 2020
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