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Research on Optimal Design of Multi-Energy Complementary Systems for Zero-Carbon Parks Based on Source-Grid-Load-Storage
Synergy Control
Du Jianjun
Zhejiang Guangxian Energy Co., Ltd., Hangzhou, Zhejiang 310000

[ Abstract ] Zero-carbon parks serve as critical platforms for achieving the "dual carbon" goals, urgently requiring solutions to core
challenges including renewable energy volatility , source-load spatiotemporal mismatch,and insufficient system stability.
This study adopts the "source-grid-load-storage" synergy control framework as its theoretical foundation, systematically
analyzing five major bottlenecks: source-end layout mismatch with load demand, weak multi-energy integration
capabilities at grid terminals, absence of demand response mechanisms at load ends, improper storage technology
selection and capacity configuration, and fragmented inter-system regulation. Based on these findings, five design
principles—systematicness, coordination, efficiency, safety, and cost-effectiveness—are proposed, with optimization
pathways defined across four dimensions: coordinated clean energy generation at sources, flexible multi-energy grid
interconnection at grids, categorized incentive responses at loads, and diversified storage system matching with
collaborative scheduling. The study establishes a "three-tier regulation framework + closed-loop process" model,
validated through theoretical case studies. This approach demonstrates 12.6% improvement in renewable energy
integration rates and 8.3% enhancement in comprehensive energy efficiency, providing scientifically grounded and
operational system solutions for zero-carbon parks.

[ Key words ]Zero-carbon park ; multi-energy complementarity ; source-grid-load-storage ; coordinated regulation; optimized design
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