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Abstract: Increasing the deployment of renewable energy effectively reduced carbon emissions and enhanced energy
security. At the same time, expanding ecological protection areas—such as nature reserves—has proven crucial for curbing
ecosystem degradation, mitigating biodiversity loss, and strengthening national ecological security. However, the sharp
increase in land demand driven by the rapid development of renewable energy has exacerbated potential land use conflicts

with biodiversity conservation. To clarify the spatial patterns of potential land use conflicts between renewable energy
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development and biodiversity conservation, this study conducted a spatial overlap analysis between global wind and solar
energy potential and biodiversity conservation priority areas. It then evaluated and compared the differences under two
biodiversity conservation prioritization scenarios. The results showed that more than 15% of the global wind and solar energy
potential overlapped with the top 30% of biodiversity conservation priority areas, and the potential land use conflicts
between renewable energy development and biodiversity conservation were predominantly concentrated in countries and
regions located within global biodiversity hotspots. There were notable differences in the spatial patterns of potential land use
conflicts between wind and solar energy development and biodiversity conservation under different biodiversity conservation
priority area identification scenarios. Under the scenario in which conservation priority areas were designated based on global
biodiversity importance, Oceania exhibited a high level of potential land use conflict between renewable energy development
and biodiversity conservation, and countries located in biodiversity hotspots generally faced more severe conflicts. In this
scenario, more than 50% of the wind and solar energy potential in 56 countries overlapped with designated biodiversity
conservation priority areas. In contrast, under the scenario in which conservation priority areas were identified within each
country based on the relative importance of domestic biodiversity, Europe exhibited a higher level of potential land use
conflict than other continents. However, the overall degree of potential conflict across most countries was lower compared to
the global prioritization scenario. Nevertheless, if renewable energy development proceeds according to this national —
prioritization conservation scenario, many biodiversity hotspot countries—with relatively low biodiversity within their
national borders but high biodiversity significance on a global scale—may face significant threats from wind and solar energy
expansion. These results emphasized the critical importance of international cooperation in achieving the coordinated
advancements of biodiversity conservation and the global transition to clean energy, and provided an important scientific

basis for global land use planning efforts aimed at balancing renewable energy development with biodiversity conservation.
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Table 2 Land use types and suitability coefficients for solar power generation
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IR, KR HY , 7K A VKT Water bodies, permanent wetlands, permanent snow and ice 0

122 W EHEIIHTE
SEHEOAMR A YRS TR X R BT TP (AL MWh/km® ) TR AN .
TP=puxdx(1-L) X(1-C) Xn,xn Xn,xn,XE, (4)
A, w=97% , BN ITIEEHLHFI IR 8= 2/km® AR AL R B ; L= 18%, J2 X AL 7 1 T R T
A PN TS AT HAL A v gt 2 T i S 2 3R AR M) RGEBMIRE ; €= 15% , &l T WUJg 4 1) B P 55 )
R PEORAERE S B e P25 B KT BV 5, AR A O B R B (3R 3) 5 AR S B R AL
(KT 200 0,/hF 20000 1) 3 AR ASROR Y LR AL (ORI o O, RGP AN g 1) 5 ARG TR 2R A (S
TIA ROCH 5310, 2545 Weiss 5517 KA (19 4 BRI AT AR A T 1) A80H0R 15 5 de T 306 I i) (0, W07 325 B /s
TR A XECREC) 1, e IZBE A TR X R 0) ; E, (501 MWh) 447 FU e R XU T % 7%
Jri A RARIT
E,=TxXEWP (5)

http ; //www.ecologica.cn



12102 xR 45 4

L, T g —AF v G /INEF B, B 8760 h, EWP (B4 MW ) Sk B B[] W 2 9 e R XU & A d, TH A 5K
LU

Vcutout

EWP = [ P(0) xf(0)dv (6)

0,00 0, o 2 VT AT XGH, P (0) S MAILE 3 il 2, 5 1 32 2 KUy i FE ML 3 7 (6245 Siemens,
Vestas, GE Renewable Energy, Enercon) 247 8 HI XU iR A HLAY SAESBUEIE > | f(0) I KBESTR M
IRGHAR A I3 A7 #4 B A A AU THR AT

f( 1)) = %X%Xexp (—Z[;j ) ( 7)

m

o, AR R v AR,

x3 RAZBHIHAALRBREEERY

Table 3 Land use types and suitability coefficients for wind power generation
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Fig.2 Potential conflict patterns between solar and wind resource development and biodiversity conservation
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Fig.6 Contrast of wind and solar energy potential and 2050 energy demand under two protection scenarios
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