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1 Introduction
1.1 Context

This deliverable D3.1 is the outcome of Task T3.1 within Work Package (WP) 3 “System Design and
Optimisation” of the H2UpScale project. WP3 focuses on the development of scalable, modular, efficient, and
cost-effective Polymer Electrolyte Membrane Fuel Cell (PEMFC) system architecture blueprints that support
the transition toward high-power applications across multiple heavy-duty sectors, including on-road
transport, maritime, stationary power and aviation. Task T3.1 builds directly on application-specific and Fuel
Cell (FC) system-specific requirements established in WP2. These include operational constraints,
performance targets, and boundary conditions informed by industrial use cases and stakeholder input. Within
the framework of WP3, D3.1 plays an initiating role in aligning system architecture development and
optimisation with both technical and economic viability and supports reaching the strategic objectives set in
WP3:

e Objective 3.1: determine the state-of-the-art in high-power PEMFC system designs and identify critical
technical and architectural challenges;

e Objective 3.2: simplify FC system architectures to reduce complexity and cost, while improving
efficiency and gravimetric power density;

e Objective 3.3: optimise FC system design concepts to support upscaling to multi-MW applications;

e Objective 3.4: perform qualitative cost and feasibility analysis to inform FC system concept definition.

1.2 Purpose and outline of the document

D3.1 reports on the current State-of-the-art of high-power PEMFC installation designs, investigates them to
identify gaps and challenges relative to requirements set in WP2, as well as Clean Hydrogen Joint Undertaking
Strategic Research and Innovation Agenda (SRIA) targets, relevant to the project. Finally, the deliverable
provides a definition of system architecture blueprints for three power nodes: 350, 700 and 1050 kW. These
blueprints are subjected to subsequent design optimisation activities in tasks T3.3 on FC system design and
T3.4 on FC thermal system design. The document in organised in the following sections:

e Chapter 2: reviews the State-of-the-Art of high-power installation designs;

e Chapter 3: outlines and analyses the identified gaps and challenges;

e Chapter 4: describes the defined system architecture blueprints;

e Chapter 5: provides concluding remarks;

e Annexes A-D: contain a summary of the State-of-the-Art and selected Process and Instrumentation
Diagrams (P&ID)
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2 State-of-the-Art of high-power fuel cell installations

This chapter presents a State-of-the-Art review of publicly reported high-power fuel cell systems. A summary
of the reviewed systems, outlined advantages and drawbacks can be found in Annex A: Summary of high-
power installation State-of-the-Art.

2.1 EU Maranda

The Fuel Cell System (FCS) developed for the EU Maranda project was based on the 96,9 kW system from
Swiss Hydrogen SHA-100-E module, which had been first used in an FC electric truck [1]. The module includes
an FC stack, cathode subsystem (air compressor, charge air cooler, cathode drain valves), anode subsystem
(proportional valves to control flow rates and pressures, purge valve, hydrogen cyclone, heat exchanger for
pre-heating feed hydrogen), primary cooling loop (plate heat exchanger, coolant pump, by-pass valves, coolant
reservoir, ion exchanger), and a programmable automotive Engine Control Unit (ECU). A 3-D model of the SHA-
100-E is illustrated on Figure 1.

Not shown: air filter, air mass flow meter, brackets, wiring hamess, covers, heat shields, coolant reservoir, compressor inverier

Figure 1. Swiss Hydrogen SHA-100-E module [1].

This platform was used to develop the FCS for maritime and stationary applications in the Maranda project,
and it used a single-stage compressor instead of the compressor/expander unit. The motivation behind this
change was the reduction of system power from 100 kW in the truck application to 85 kW, as well as the
challenges around water management and operation and, finally, start up from/at freezing conditions which
were not completely solved in the truck project.

The cooling is provided through a two-circuit layout, with the primary cooling loop consisting of a purpose-
made, non-conductive ethylene-glycol water (EGW) coolant circulating through the FC stack and the primary
heat exchanger (HEX). The secondary coolant circuit contains a technical-grade fresh water coolant and
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connects to the vessel’s Waste Heat Recovery (WHR) system. The P&ID of the adapted system can be found
in Annex B: P&ID — EU Maranda SHA-100-E.

The system installed onboard the vessel in the Maranda project contained two identical systems, which could
be operated independently from one another, which ensured redundancy and enabled studying various
operating profiles [2].

2.2 EU BRAVA

The EU BRAVA project investigated preliminary FCS design concepts for aviation applications. Besides looking
into improvements in stack performance through usage of advanced catalysts and membranes the project
studied innovative air supply, hydrogen supply, and cooling loop architectures towards optimising the overall
FCS architecture.

Two concepts were evaluated for the anode path as alternatives to the current recirculation concept [3]. The
findings indicate that the passive recirculation concept was seen to not be compatible with liquid hydrogen
feed systems. On the other hand, the dead end concept (i.e., no recirculation) shows promise in terms of
reducing the number of components involved. On the other hand, since there is no constant flow of gas, water
can accumulated in the anode and can only be removed by purging. This results in possibility of degradation
due to hydrogen starvation caused by the liquid water accumulation. The purging related control challenges
can be overcome by design optimisation of the FCS. Therefore, the dead end concept was chosen for further
refinement.

For the cathode path, potential options to simplify the path were examined [4]. One of the options evaluated
was a cathode recirculation concept which showed limited benefits with added complexity and therefore was
not considered further. Another alternative that showed more promise is the complete elimination of the
humidifier. This would eliminate a component but would also lead to drop in performance especially at higher
temperatures. To ensure sufficient performance while meeting the objectives at idle power, the project
proposed a non-humidified concept together with low lambda control.

A novel 2-phase cooling (2PC) system using methanol was evaluated against the conventional liquid cooling
system using EGW. The results showed that 2PC concept would reduce the overall weight of the cooling system
by 26% (including accumulator) or by 58% for a system without accumulator [5], while maintaining the
required cooling capacity. This concept has additional benefits, e.g., it enables the effective heat up of liquid
hydrogen with the waste heat from the fuel cell. In a traditional EGW system this would not be challenging due
to the high freezing point of EGW and low heat transfer coefficient at low temperatures. On the other hand,
usage of methanol as coolant poses challenges in terms of storage and safe handling.

2.3 EU NEWBORN

The EU NEWBORN project focuses on the development and demonstration of a ground demonstrator of the
overall propulsion system for aviation applications. The FCS used for these evaluations consists of 1 MW
modules that can be integrated in parallel (each module contains 3 submodules of ~300kW).Figure 2 shows
a 3-D view of the mechanical integration of the FCS in the aircraft envelope. As the figure shows, the 3 stacks
each have a dedicated recirculation loop with a centralised air supply subsystem.
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Figure 2. FCS integration in aircraft envelope [6]

\ k BU GRASSHOPPER

The EU GRASSHOPPER project designed a 1MW Fuel cell power plant based on learnings from a 100 kW
module pilot plant. The layout of the FCS used in the pilot plant is shown in Figure 3. The plant included several
identical stacks supplied by a central air and hydrogen supply system. Exhaust hydrogen is recirculated using
a liquid ring compressor. Both the air and hydrogen supply are humidified using dedicated humidifiers.
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Figure 3. Layout of FCS in 100kW pilot plant [7].

One of the key findings from the pilot plant was that perfect control of the air stoichiometry was not possible
by only varying the rotational speed of the blower. This is especially pronounced at low loads where a fraction
of the compressed air had to be purged to limit the air stoichiometry, resulting in increased parasitic
consumption. The effect of compressor sizing is studied by simulating 3 different compressors, namely, a
solution with a single large compressor, a solution with two smaller compressors in parallel, and a third
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