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ABSTRACT

Hydrogen-powered aviation is increasingly recognized as a promising pathway toward
sustainable air transportation. However, the integration of hydrogen storage systems and
fuel-cell power plants into aircraft remains a major challenge due to their volume, mass,
and impact on payload capacity, structural efficiency, and center-of-gravity management.
Current aircraft concepts generally treat propulsion and energy-storage systems as
separate subsystems housed within the fuselage, resulting in significant penalties in
usable cabin and cargo space. Recent studies have highlighted the need for more
advanced approaches to energy-system integration within future hydrogen aircraft
architectures. [1, 2, 3] This paper proposes a novel Structural Energy Fuselage (SEF)
concept in which hydrogen storage systems, Solid Oxide Fuel Cell (SOFC) power-
generation units, thermal-management components, and propulsion subsystems are
integrated into the primary load-bearing structure of the aircraft. Rather than considering
energy systems as payload, the proposed architecture transforms them into
multifunctional structural elements capable of simultaneously contributing to load transfer,
power generation, energy storage, and aircraft operation. The concept accommodates
various hydrogen carriers, including compressed gaseous hydrogen, liquid hydrogen,
ammonia, methanol-derived hydrogen, and other hydrogen-rich energy carriers.
Structural hydrogen storage modules are integrated within the fuselage backbone, while
SOFC units are incorporated into fuselage frames, bulkheads, and structural
compartments acting as power-generating elements. [4] Electric power produced by
distributed SOFC modules drives motor-compressor units supplying an array of
distributed propulsion nozzles integrated throughout the fuselage and lifting surfaces,
enabling turbine-less thrust generation, enhanced redundancy, improved weight
distribution, and greater design flexibility. The proposed architecture aims to increase
available passenger and cargo volume, reduce system-level mass penalties, improve
balance and center-of-gravity control, and create new opportunities for integrated thermal
and structural optimization. [2, 5] The paper presents the conceptual framework,
discusses key structural and system-integration challenges, and identifies future
research directions involving multifunctional structures, advanced materials, aircraft
systems integration, distributed propulsion, and multidisciplinary design optimization for
next-generation hydrogen-powered aircraft. Keywords Structural Energy Fuselage,
Hydrogen-Powered Aircraft, Solid Oxide Fuel Cells, Distributed propulsion,
Multifunctional Aerospace Structures, Hydrogen Energy Carriers, Aircraft Systems
Integration, Multidisciplinary Design Optimization



