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Abstract To clarify the research status and hotspots in the ecological impacts of large-scale photovoltaic
(PV) power plant construction, 226 Chinese and English articles were visualized and analyzed by using
CiteSpace software based on CNKI and WOS databases. The publication trends, research subjects, co-
citation networks and hotspot evolution from 2011 to 2023 were investigated. The research progress and
directions in this field are systematically reviewed. The findings indicate that: 1) The annual publication
volume of literature on the ecological impact research of photovoltaic power generation exhibits cubic
polynomial growth, with the total volume in the WOS database was significantly higher than that in the CNKI.
2) China leads in publication volume, while the United States has the highest degree of centrality, reflecting
the greater international academic influence of both countries. There is a lack of cooperation among
domestic research institutions, although the Chinese Academy of Sciences shows the highest degree of
influence internationally. The international collaboration between domestic and foreign authors is still
relatively weak. 3) Chinese literature research topics primarily focus on vegetation restoration and
ecological management in arid regions such as the Hexi Corridor, whereas English literature emphasizes
model simulations to assess environmental impacts and climate change caused by PV power plant
construction at both small and large scales. Current research hotspots include the impacts of PV power
plants on local microclimate factors and ecosystem carbon stock dynamics. Future work should prioritize
strengthening long-term network observations across climate zones, analyzing the ecological and
environmental effects of PV power plants over different periods using life cycle assessment methods, and

establishing a comprehensive ecological and environmental impact management system to support the
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sustainable development of the PV industry.

Keywords photovoltaic power plants; bibliometrics; CiteSpace; ecological environment
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Fig. 1 Trends in the number of papers published in CNKI and WOS databases
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The size of the circle in the figure represents the node frequency, the higher the frequency, the bigger the circle. Nodes with centrality =1 are

circled by purple circle. The connecting line represents the co-occurrence relationship. The node and connecting line colours represent the time of the

first appearance. The same below.
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Fig. 2 International partnerships of publications in the WOS database
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Table 1 Top 9 countries with the highest number of publications in the WOS database
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Table 2 Top 10 most cited journals in the WOS database

BII 2023 4F 5
HE44 1) /I T
Ranking Journal Number 2023 impact
of citations factor
1 Renewable and Sustainable Energy Reviews 96 16. 3
2 Renewable Energy 71 9.0
3 Solar Energy 68 6.0
4 Applied Energy 54 10.1
5 Environmental Research Letters 53 5.9
6 Plos One 51 3.7
7 Proceedings of the National Academy of Sciences of the 50 9.4
United States of America
8 Energy Policy 47 9.3
9 Scientific Reports 44 3.8
10 Science 44 44.7
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farms in the Sahara increase rain and vegetation” 24 @
KA Science W) T b 09 SCEE BT B R o ARATAE
FH T — A 3l 250 9 B A R TR ofe 52 41 22 6 A iy
P BE b A AL XU RE 1K BH BE & H 375 % A Y
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Table 3 The citation bursts of publications in the WOS database

iR Gl PN
g S i3 \ \
i FOBE FR R S
Title Year Strength Beginning Ending
year year
Environmental impacts of utility-scale solar
2014 6.36 2015 2019 e S S S S N e s s e
energy
Sol k mi limate and tati
olar park microclimate and vegetation ' 2016 4.93 2018 2021 e ——————
management effects on grassland carbon cycling
The photovoltaic heat island effect: Le
e photovoltaic 'eq island effec arger 2016 4.93 2018 2021 e ——————
solar power plants increase local temperatures
The potential of agrivoltaics systems 2016 3.37 2018 2021 e ) e
The observed effects of utility-scale
photovoltaics on near-surface air temperature 2019  3.11 2020 2023 e S
and energy balance
Sustainability of utility-scale sol -
us ainabili y.o utility-scale solar energy 2017 2.86 2021 2023
critical ecological concepts
Study on the local climatic effects of large )
2017  2.86 2021 2023

photovoltaic solar farms in desert areas

T« TR RN R B R B AR 1), TR (0 2k 3R SR BT IR 1y BLER ARy, 20 (A 28 3 7m R AL BRI 44 o
Note: The light blue line indicates the year in which the emergence has not yet occurred, the dark blue line indicates the year in which the

emergence began, and the red line indicates the year in which the emergence occurred.

(0 3 Tt 3k — 2L s Ak T R SOKIE IR, i e
R 7K A B8 1 S it WL ) e 8 e 5 X e A AR A B L H 2
X o A 3 80N B AT RS 1 L XN BB AR
FL Ol ) R WA DS o 32 A R AU 5 3R R R O
AR S A A S T U A TR L 45 o R b e B
1 T RE L HOSUCE R a5 AL AT ok Rk 4 Rk A AR Al
FIRE VR Pk AR A i e J7 %8 0 2014 4F Hernandez 55
K FAE Renewable and Sustainable Energy Reviews
# ] b 9 “Environmental impacts of utility-scale
solar energy” 7€ # 0 & fe 55 , M 6. 36, 1% L]
ZE LT 2015 4F , 45 3T 2019 4F , # 1k 2023 4R 41547 %
gl SCEE R T RBABEIR I K] P [F] 42 7+ 245 58
o W AEDL ], I 5 08 T AR AF I 1 BE AR BEG B%
2, A T OO AR TT R S R Z TR R O
FAME T ST J7 10 . WOS B8 JE 88 51 5 K HE 4
B O M SCHR WL 2 40 #5140 HE 44 BT 9 /Y SOk AR
R TE 2018—2020 4F , 9 5 | SCHR A 28 B AL 9 7E 3L L
AR, o 3R SCERBE 5 SR BT A AR 2L, 3R W KRB

PR IF K% S5 5 B0 58 52 i 1) B 9 1 B 24 ik, H
HIIEAL T BB B,
2.4 HARBASH
2.4.1 (4R E

FIHH CiteSpace #44 %+ CNKI F1 WOS B3 %2 1 3¢
BRAEAT B 58 PRSI IE i , 45 R A1 6 s . G A
RIS M IR A2 VIR O 1) S B im) 241 B — A~ SR 2%
T 75 10 12 400 358 114 =2 BEATF 5T O 1 Y AR 5 6 ik 1)
07 3% 5575 R Pathfinder+ Pruning sliced networks+
Pruning the merged network , BZEH #: 2K H LLR, CNKI
I WOS Bffe 7 % i il 23 5 45 21  F1 10 R I, K
R G5 BN U BZ IS B S 1Y O R B £ | R
FEIZREN W0 )8R . CNKIA WOS £l
JiE O R 3B 25 5 15 21 B Modularity Q {H 4 3 R
0.811 6 F10. 777 7,34>>0. 3, KW R I L5 1 % , 345
Y R 2R 38 B ; Weighted mean silhouette S {H 4351
40.967 0F10.925 1,349>>0. 5, HAEI 1, & M 457
Yy T v A R A
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Table4 Top 9 most cited documents in the WOS database

WenI U /K R R

il & H . o EiRLl
. . Citation Publication
Ranking Title Journal
frequency year

Climate model shows large-scale wind and solar

1 . . . . . 21 2018 Science
farms in the Sahara increase rain and vegetation
R kabl ivoltaic infl soil moisture ,
5 smar able agrivoltaic influence on '9?1 moisture 19 2018 Plos One
micrometeorology and water-use efficiency
Solar photovoltai Is significantl t
olar p' otovoltaic panels mgm' icantly pr'omo e Land Degradation &
3 vegetation recovery by modifying the soil surface 19 2019
. . . . Development
microhabitats in an arid sandy ecosystem
Observed surface radiation and temperature impacts
4 from the large-scale deployment of photovoltaics in 18 2018 Renewable Energy
the barren area of Gonghe, China
o ) Journal of Applied
The observed effects of utility-scale photovoltaics on / App
5 . 15 2019 Meteorology and
near-surface air temperature and energy balance .
Climatology
6 Effects of revegetation on soil physical and chemical 15 9020 Frontiers in
properties in solar photovoltaic infrastructure Environmental Science
Agrivoltaics id tual benefits s the food-
7 grivoltaics provi e'mu ual benefits across the foo 13 2019 Nature
energy-water nexus in drylands
Renewable and
8 Environmental impacts of utility-scale solar energy 13 2014 Sustainable Energy
Reviews
Simulated solar panels create altered microhabitats in
9 m T panels er rec micronabitats 1 12 2020 Ecosphere
desert landforms
@ #4 SR iR ® -
‘48 Wﬁ #7 enwronmlental impact |
@\ =) stomatal ¢onductance
A ] o
o0 . ISy #§m!9roclimate
#3s<?lardsanels o & '\7 o
ML g . #8 shade
#5 ME§ }Eﬁ % °#1 agrlvolﬁlc systems o
e .o ® \ A=
® V/ '% envnroq;n%%:I impacts
a #10 landuse and' Iand cover change
#5 conservation policy N -
<\

)} Year #6 @?ﬁ
1 | B+ e
0 #4 soil temperature

XWW EE 20 6 l/(

]
#9 photovoltaic power potential

PE] v 3R 2 5 /N 2 28 ) 1 DG ) B 22 i RS W S ) T K
The smaller the cluster number shown in the graph, the more keywords the category contains and the greater the research impact of the cluster.

Bl 6 CNKI(a)®n WOS(b)% X EiRRE%E
Fig. 6 Keywords clustering in CNKI (a) and WOS (b) database
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X5 2 A B e HE 44 1T 10 (9 ¢ B ) 8 3k L 4
DL 5. CNKIEGE By i 10 /) & H Al A7 O
PRALE” “ A BRI AR A ™, B EER >0 1,
FLA B0 A O o 256 HAbHEA AT 10 B9 OGS A T
] A v R TR G JER A T R X
FEN A T ZN RIS A 2 SOM b B R L K
Jay il /INTABEEE T S R DGR OB AR e R 2

PRI SO RE RN YD U A R 5t SCHR PR T, o [ e
(1) TR G AR L 3 A A S AR IR B A P IR T HL X —
W) 5 e [ 0 S UK R U™ H B B A
R TEEERR G SR, 1 S BIF 5T 2 ik 1 200 0L
(<34F) , HRZ R BI T R — ety , Xl fig 5
BA A R A5 e Bz Ak, Z AR OB IR 3
FTRES| e 1 b SR T s A ) AR XU

&5 CNKIS5WOS#iEEH 28710 X817

Table 5 Top 10 keywords in CNKI and WOS databases

CNKI % 4k 72 WOS $di B

HE4 CNKI database WOS database
Ramking i mk o D bt S P S
Keyword Frequency  Centrality  Year Keyword Frequency  Centrality  Year
1 SEAR B 3 44 0.64 2014  environment impact 22 0.38 2011
2 HEBALE 17 0.70 2016 renewable energy 22 0.19 2015
3 R K H 12 0.37 2015  energy 17 0.23 2011
4 A 7 0.08 2015  climate change 13 0.19 2017
5 T P4 3 R 6 0.19 2016  photovoltaic panels 13 0. 20 2014
6 K BE 6 0.03 2016  performance 13 0.13 2018
7 K AP Fs 5 0.07 2017  panels 11 0.11 2015
8 b 5 0.11 2014  solar energy 11 0.08 2019
9 /N4 5 0.45 2018  diversity 11 0.03 2015
10 B2NzrR Al 5 0.19 2018 land use 10 0.06 2011

L Z T, WOS $ods e /Y ¢ 8 i) 3Lk 24 > 10,
HE44 B 7 89 SC B 0 B 0.1, B B B R
Wiy, HAS ] 3R 26 2 o] iy B B B 2 (] 6(b)) , /A
) 2R 2 i) 2 fa) m BB AR B O B o [ B BE 5T
“conservation policy” “photovoltaic power potential”
“agrivoltaic systems” & S8 iR ™ B T T B LH S
) A TR 22 S« DR SE 2 3 E 20 SR U A M AR ] 5
Cfn “land uwse” ) K B R R KB C
“microclimate”) , DA K38 53 % 4k AR £ 58 1 #F 58
Oy o b 2 ] R AL O A B R T SR LA A
YUK 2y T3 3 W Oy 4 RO IR e R LRI 4 i T XU
ERES

Fel A BIF 5 8 AR BB T R BOR AT AT,
S I A B T T PR Sk TR AR A - AR R
(4 28 GE P-4, Al D RO AR ) 22 R A 1 < L)

G 7 RONE 3K AT RE 23 1R R b SR A ) A S A&
ST i ORI & T & Tk B R 32 T A R
R e A 1) TR A AL AR S A RBET . Bk, G
T [ 2% 1 55 22 XM CCNKIF WOS 8 e ey 56 it
A F B [ P AR 2 R R T S — 18 X
Y, ] 8 BHLAT 5 X 36k 00 YT B8 5 10 A i A b v A9
SE o P, DG B R) AN AW T 2 R
TN AR B G5 RS  XE ALA  3E T
BAsml G 5EE IR Aok B R AESE
IO 1 SR s
2.4.2 FEFAHK

S B 1] IR XA S BB % 5 B0 HE R — 40 3l A
9% U, 0 BE B UL H R R AN TR B R B BIF 9 AR
SRR AR DL B B G Bk . CNKIT k46 1
2014—2023 4F ¢ Bt 1) 1) (e A% v A o AR A0 & 7 () B
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Fig. 7

Time zone of keywords in CNKI (a) and WOS (b) database



A58

I A - T SCHR T A B0 MBSO DI AR W ok Xk A S ER TR R S 4 AT AR AL 20 AT 181
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