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Two-Stage Distributionally Robust Scheduling for Multi-State
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Ammonia Systems
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sity, Xi”an, Shannxi 710049, China)

Abstract: In order to address the conflict between the volatility of renewable energy and the stability
requirements of chemical production in an off-grid wind-solar-hydrogen-ammonia coupled system, this
paper proposes a two-stage distributionally robust optimization scheduling model considering multi-
state flexible synthesis. Firstly, an analysis was conducted of the start-stop characteristics of
electrolyzers and the multi-stage ramp operation mechanism of ammonia synthesis units in practical
production, and a refined mixed-integer linear programming model is constructed to improve the

system's operational flexibility in responding to the inherent fluctuation characteristics of wind-solar
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output. Secondly, a bidirectional power-hydrogen-ammonia conversion pathway is constructed by
integrating hydrogen-blended gas turbines, ammonia cracking, and ammonia fuel cells, along with
multi-energy storage and hydrogen-ammonia demand response mechanisms, which enhances the
system's regulation capability and renewable energy accommodation level. Finally, a data-driven two-
stage distributionally robust optimisation framework has been developed. This framework is notable for
its formulation of the uncertainty set of renewable generation and the confidence set of extreme scenario
probability distributions. The day-ahead stage determines unit commitment and dispatch plans, while
the intraday stage adjusts unit outputs under the worst-case distribution of extreme scenarios. The model
is iteratively solved using the inexact column-and-constraint generation algorithm, which approaches
the optimal strategy rapidly while reducing the model conservatism. Case analysis shows that the
proposed model adapts to the volatility of wind-solar output by virtue of refined modeling and to the
uncertainty of wind-solar output with the scenario sample-based solution strategy of distributionally
robust optimization. Its intraday adjustment cost is only 49.74% of the traditional linear model, and the
system's renewable energy consumption rate reaches 97.74%, which achieves optimal economic
scheduling on the premise of ensuring the stable production of hydrogen and ammonia in the off-grid
system.

Keywords: wind-solar-hydrogen-ammonia system; electricity-hydrogen-ammonia coupling; refined

modeling; distributionally robust optimization; ellipsoidal uncertainty set
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Table B2 Financial parameters of the equipment
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Fig. Bl Load forecast curve of electric-hydrogen-ammonia
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