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Abstract

System Codes (SCs) are essential for exploring parameter spaces and assessing technology integration in Fusion Power Plants (FPPs). Yet, conventional
SCs treat plant systems operating in different timescale independently, and neglect dynamic interdependencies between them. This work introduces a Multi-
Timescale (MT) SC approach that identifies three characteristic timescales: (a) plasma dynamics, (b) single-pulse operation, and (c¢) long-term plant
operation. Dedicated models have been implemented for each: SOL transport via scaling laws and a surrogate of the TOKES code to represent (a);
Balance-of-Plant thermodynamics in a Power Cycle Module to represent (b); and multi-species fuel processing with a residence-times Fuel Cycle Module to
represent (c). Applied to the EU-DEMO model in MIRA (a multi-fidelity SC developed at KIT) and coupled with the double population diffusion/trapping code
TESSIM-X, reactor wall outgassing is consistently computed and reveals stronger systemic dependencies than independent timescale analyses. Examples
include how plasma filament dynamics in the Scrape-Off Layer (SOL), First Wall temperature limits, and fuel cycle performance impact each other and affect
the net electricity output and tritium self-sufficiency. This MT strategy provides a more realistic basis for evaluating FPP design and technology integration.
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- Proposal: develop novel methodology for SCs, to
convert RDCs into Multi-Timescale PDCs.

- Showcase: apply methodology to multi-fidelity RCD
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