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The intermittency of renewable energy systems with a single source poses significant challenges to power system

reliability, leading to unstable output and increased operational uncertainty. Hybrid renewable energy systems, which

combine multiple energy sources, have emerged as a promising solution to mitigate this variability. Combining

complementary generation profiles allows hybrid systems to deliver more stable and predictable power output,

maintaining supply even under interruptions or failure scenarios. This study investigates a hybrid configuration integrating

a tidal barrage in the River Mersey, Liverpool, with the existing Burbo Bank offshore wind farm. The River Mersey, with one

of the UK’s largest tidal ranges, offers substantial potential for predictable tidal power generation. The proposed hybrid

configuration, which has not been previously studied, exploits wind–tide complementarity to reduce power variability and

enhance export-cable utilisation. A sizing mode optimization model is developed to determine the optimal design

parameters of the tidal barrage, including its location, turbine type and number, and sluice gate configuration. The model

accounts for operational differences across potential sites and evaluates the cost–performance trade-offs associated with

different turbine-sluice layouts. Results from this optimisation provide valuable insights into the potential benefits of

hybridisation in the River Mersey and the optimal design of the tidal barrage.
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