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Abstract

The search for extraterrestrial life has elevated Saturn’s moon Enceladus to a top-priority exploration
target, as recently emphasized by the European Space Agency (ESA). To achieve the ambitious astrobio-
logical and astrophysical objectives at this distant ocean world, ESA identified that immediate technology
development is required. Motivated by current research at the Technical University of Munich, this study
poses a central question: Can Water Electrolysis Propulsion (WEP) act as a fundamental game-changer
for deep-space exploration when evaluated at the system level?

To answer this, an unbiased mission analysis is conducted following the 9-step Space Mission Analysis
and Design (SMAD) methodology. Structured around the ”Golden Circle” principle (Why, How, What),
the study first derived the necessary scientific payloads to fulfill the mission’s core objectives. These
payload requirements, demanding mass, data rates, and peak power, drove a comprehensive trade-off
of six potential mission architectures. The optimal solution was identified as an ”Orbiter + Lander”
configuration.

Deploying this architecture with conventional hydrazine-based systems reveals critical system bottle-
necks: the payload mass fraction is severely restricted for Saturn missions to approximately 2% (NASA
Orbilander concept). By contrast, integrating a self-sustaining WEP system enables an unprecedented
payload mass fraction of up to 18%. The Use of WEP directly solves three primary operational challenges:

First, surface access. Sampling target locations requires traversing hundreds of kilometers over un-
known, harsh terrain characterized by 1% Earth gravity, deep canyons, and low-density ”fluffy snow.”
Rather than relying on heavy, risk-prone rovers, the WEP-enabled lander utilizes high-∆V ”hopping”
maneuvers.

Second, the power bottleneck. Astrobiological payloads, such as an ice-melting probe for subsurface
ocean access, require several kilowatts of peak power over multiple days—demands that cannot be met by
the primary electrical power system (EPS) alone. This architecture solves this by coupling the propulsion
system with the EPS: utilizing a regenerative fuel cell, the system converts priorly electrolyzed in-situ
hydrogen and oxygen back into secondary electrical power.

Finally, planetary protection and sample return. Utilizing chemically identical in-situ water completely
eliminates the risk of contaminating Enceladus’s pristine environment with toxic Earth-derived propel-
lants. Furthermore, since not all biosignatures can be conclusively analyzed in-situ, WEP’s self-sustaining,
high-performance nature opens a viable pathway for returning samples to Earth.

This paper demonstrates that WEP should be viewed as a highly integrated, self-sustaining core
system. If developed at the intersection of propulsion, power generation, and In-Situ Resource Utilization,
it has the potential to fundamentally revolutionize planetary exploration architectures.
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