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Abstract: Volatile power output of plateau renewable energy creates spatial conflicts with comprehensive ecological
redline control, and existing multi-energy complementary models lack matching schemes for rigid ecological
constraints. Taking Garzé Prefecture as the research area, this study adopts 30 m remote sensing grids to deduct various
construction-prohibited regions and quantify ecologically constrained exploitable scales of hydropower, photovoltaic
and wind power. A 24-hour dual-timescale collaborative scheduling framework is built for daytime solar-storage and
nighttime wind-hydro operation. Integrating GIS layers and NSGA-II algorithm, ecological redlines are transformed into
0-1 siting constraints to construct a source-storage-grid multi-objective optimization model. The AHP-entropy combined
weighting TOPSIS method is utilized for three-dimensional benefit evaluation. The technically exploitable capacities of
hydropower, PV and wind power are 46,320 MW, 54,550 MW and 3,300 MW. After optimization, output volatility drops
from 45.2% to 26.3%, curtailment rate falls from 18.7% to 0.4%. The system realizes annual carbon emission reduction
of 14.1526 million tons, with a full-life-cycle return rate of 8.7%. This quantitative framework provides data support
for clean energy base and energy storage layout planning on the Southwest Plateau, and the model can be replicated for
similar ecologically sensitive areas on the Qinghai-Xizang Plateau.
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