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Abstract: To address the challenges of renewable energy accommodation, supply reliability, and
operational economy in large-scale renewable energy bases under wind-solar resource fluctuations, uneven
temporal distribution, and power export constraints, the coordinated design and operational
characteristics of an electricity-heat-hydrogen-ammonia integrated energy system were investigated. An
integrated system model covering wind power generation, photovoltaic power generation, thermal
power, molten-salt thermal storage, water electrolysis, ammonia synthesis, and multiple types of

energy storage was established. A typical scenario generation method based on continuous time-window
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partitioning was developed, and a bi-level nested optimization framework integrating capacity
configuration and dispatch was constructed. A boundary contraction inspection-based regional
search algorithm was adopted to achieve the collaborative optimization of system capacity
configuration and multi-scenario operational characteristics in a high-dimensional, large-scale
solution space. Comparative optimization and simulation analyses were conducted for a conventional
wind-solar-coal-storage system and the proposed system. The results show that introducing the
hydrogen-ammonia subsystem increases the renewable energy share by 7.28%, reduces the
curtailment rate by 35. 3%, decreases coal consumption and carbon emission costs by 17. 6% , and
lowers the net unit energy cost by 0. 023 yuan/(kW « h). Seasonal differences significantly affect
system operation, with enhanced wind power in winter improving economic performance, while
abundant solar power in summer intensifies accommodation pressure. In contrast, the electricity-
heat-hydrogen-ammonia system achieves superior accommodation levels and operational economy
through multi-energy conversion and power export. Sensitivity analysis further shows that rising
hydrogen prices shift the configuration strategy from scale expansion toward efficiency optimization,
thereby increasing unit energy revenue.

Keywords: large-scale renewable energy base; integrated energy system; coordinated design;
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Fig. 1 Electricity-thermal-hydrogen-ammonia integrated energy

system for large-scale renewable energy bases
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Fig. 2 Flowchart of the boundary contraction inspection-based regional search algorithm
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Fig. 3 Proposed continuous scenario generation approach
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Table 2 Techno-economic parameters of system components
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systems
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Fig. 5 Energy flow diagram of the simulation results for the optimally configured system
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Fig. 6 Monthly distribution of key annual operational indicators

for different cases
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Fig. 7 Monthly distribution of annual economic composition

and energy output for different cases
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