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Abstract—Maritime transport remains one of the most energy-
efficient modes of freight and passenger transport; however,
further decarbonisation is required to meet increasingly stringent
climate targets. The transition toward low-carbon fuels, electrifi-
cation, hybridization, and sector coupling significantly increases
the number of feasible energy system configurations for ships.
While this expanded design space enables innovative solutions, it
also complicates system synthesis and dimensioning. To address
this challenge, earlier work introduced the Maritime Energy Sys-
tem Optimizer (MESO), a holistic optimization framework that
integrates configuration synthesis, component dimensioning, and
operational optimization based on representative load profiles.
MESO uses a genetic algorithm for configuration optimization
with the fitness of a given configuration determined through an
operation optimization using the Open Energy Modelling Frame-
work, enabling automated identification of optimal shipboard
energy systems from a predefined set of candidate technologies.

However, beyond efficiency improvements and emissions re-
duction, resilience and fault tolerance are emerging as significant
design objectives. Traditionally emphasized in naval shipbuilding,
resilience is gaining relevance for passenger and commercial
vessels as regulatory frameworks such as Safe Return to Port
(SRtP) and rising expectations for operational robustness and
safety expand its scope. Conventionally, resilience verification is
conducted only after the overall energy system architecture has
been designed. This sequential approach can reveal structural
weaknesses late in the design process, potentially requiring costly
redesign or retrofitting.

This work proposes an extension of the MESO framework that
integrates resilience directly into early system design stages. The
adapted MESO structure fully generalizes supply and distribu-
tion options and introduces a spatial attribute — “location” —
for both producers and consumers. This attribute can represent
different levels of granularity, ranging from simple fore/aft
separation to fire zones, or to multiple zones and decks within fire
zones. Based on this spatial modelling, critical failure scenarios
are incorporated into the representative load profiles used for
optimization.

During the fitness evaluation of each configuration, the opera-
tional optimization is repeatedly executed under failure scenarios
in which a single spatial zone is deactivated. In these scenarios,
all producers and consumers assigned to the affected zone are un-
available, simulating damage or fire events. Only configurations
that successfully satisfy the defined critical load requirements
under all evaluated failure cases are retained within the genetic
algorithm’s population. As a result, resilience against single-zone
failures emerges as an intrinsic property of the optimized energy
system rather than a post-design verification criterion.

The proposed methodology therefore transforms resilience
from a compliance check into a design driver. The extended

MESO framework ensures that optimal solutions simultaneously
satisfy decarbonisation targets, operational efficiency, and fault-
tolerance constraints. The approach is demonstrated through
case studies for both cruise and cargo vessels, illustrating how
integrated resilience considerations influence system topology,
redundancy strategies, and component dimensioning. The results
highlight that embedding SRtP-like requirements directly into
system synthesis can lead to fundamentally different — and more
robust — energy system architectures without sacrificing overall
performance.

This work represents a continuation and generalization of the
MESO methodology and contributes a systematic approach to
resilience-integrated maritime energy system design.
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