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This study presents a structured Reliability-Centred Design (RCD) framework aimed at enhancing the reliability and safety

of electrical systems in modular High-Temperature Gas-Cooled Reactors (HTGRs). The proposed methodology addresses a

key research gap — the absence of standardised, integrated approaches to reliability assessment and optimisation for

auxiliary systems in next-generation modular reactors.

The RCD algorithm integrates a sequence of complementary analyses. It begins with identifying critical vulnerabilities

through Failure Mode and Effects Analysis (FMEA) combined with the Single Failure Criterion. Next, system reliability is

quantified using Probabilistic Safety Assessment (PSA) techniques, with fault tree models supporting the estimation of

overall failure frequencies and the Forced Outage Rate (FOR). To account for uncertainties, Monte Carlo simulations are

performed, enabling verification of whether the system remains within the assumed reliability margins. Finally, Global

Sensitivity Analysis (GSA) with Sobol indices highlights which components contribute most to uncertainty, guiding design

refinements. Together, these steps form a structured process that links reliability evaluation with design optimisation.

Application of the RCD framework to a newly developed modular HTGR concept demonstrated measurable

enhancements in system reliability and operational robustness. The iterative optimisation process allowed for the

refinement of the system architecture, reduction of failure frequencies, and improvement of operational availability

indicators. Moreover, the results confirmed that analytical and simulation-based estimation methods can be used

interchangeably at early design stages, offering flexibility in project development.

The proposed RCD framework constitutes a replicable, modular approach to reliability-driven design. It is applicable to a

wide range of auxiliary systems in advanced modular reactors, providing a systematic pathway to integrate safety and

reliability considerations into early-stage engineering decisions. By enabling consistent, data-driven system optimisation,

the methodology supports the development of sustainable and safe nuclear energy systems in line with evolving

industrial and regulatory expectations.
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