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1.1 
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• 

• 
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1.2 
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2.1 



in 

2.2 

findings indicate that the passive recirculation concept was seen to not be compatible with liquid hydrogen 

2.3 

modules that can be integrated in parallel (each module contains 3 submodules of ~300kW).



2.4 EU GRASSHOPPER 

module pilot plant. The layout of the FCS used in the pilot plant is shown in . The plant included several 



2.5 



2.5.1 

Maintaining proper pressure, mass flow, humidity, and temperature in MFCS air subsystems requires more 



Figure 

11

illustrated in 

High air compressor power consumption; low 



temperature uniformity and faster dynamic response, but requiring more complex plumbing, sensors, and 

converters are proposed. These allow independent stack control, improving dynamic response and system 

A comparison of four MFCS electrical architectures with DC/DC converters are given in , and are 

illustrated on the schematics in 

2.5.2 

summarised here in 

Each stack is connected to the DC bus through one converter; 

This architecture provides redundancy and enables the 

This architecture allows the system to operate in degraded 

This structure uses several high gain 

converters which generate higher stress on 

switches and larger passive energy storage 

This architecture is complex and the most 



series associations and brings more redundancy through the 

This architecture can individually control each stack and is the 

The global voltage is divided between different stacks and this 

This architecture can individually control each stack and the cost 

The failure of one stack leads to the failure of 

2.5.3 



air to supplement supply during compressor shortages or highly variable and peak loads. The common rail 

show that the buffer volume affects compressor energy consumption, maximum power, as well as its own 

2.5.4 Zhou et al. 

Air supply devices for MFCS need to provide appropriate air to each stack to obtain highest system efficiency, 

Typically this is done by having a dedicated air supply unit per stack, however this adds to the overall weight 

this paper. The central air supply devices (filter, compressor and intercooler) feed a buffer volume that then 

supplies each of the stacks with the appropriate air as seen in . The benefits of such as system is 

done by simulating 3 sets of FCS (140, 210 and 280kW) as part of both a single stack and multi stack system. 

auxiliary devices are strongly influenced by the relative size of the stacks in the multi stack setup and the 

Using a constant control scheme (controlling the buffer pressure to a certain preset value) leads to an increase 

in overall energy consumption by the auxiliary devices compared to a single stack system while there is a 30% 

a lower preset value, unless the stack demand exceeds, is shown to reduce the overall energy consumption 

an optimal stack distribution of 1 small stack and a large stack is shown to have reduce the overall energy 



2.5.5 

points, oversizing stacks increases total system weight, while near nominal loads, lower fuel cell efficiency 

(illustrated on 



2.5.6 Schröder et al. 

The paper utilizes simulation studies to optimize the design of FCS for regional aircraft applications. The 

Considering that the current generation of fuel cell stacks are typically limited to a power output of 125kW, 



On top of the architecture, the paper also investigated the effect of fuel cell operation on the overall FCS mass. 

This was done by simulating the performance of the FCS at different current densities. The simulation study 



3 

On this basis, the chapter outlines and analyses the gaps and challenges that have been identified in relation 

to existing designs. The purpose of this analysis is to establish a clear point of reference for the project’s 

is to support the development of solutions that reduce system complexity and cost, while improving efficiency 

3.1 

SRIA KPIs SoA Target Target 

Pillar Hydrogen end use: 

transport applications/ 
FC power 

Pillar Hydrogen end use: 

transport applications/ 
Maritime 

for HD vehicles and aircraft or 60,000 

Pillar Hydrogen end use: 

transport applications/ 

PEMFC 

system 

Pillar Hydrogen end use: 

transport applications/ 
FC module 

>25,000 (“BoP component durability 

for HD vehicles and aircraft or 60,000 

Pillar Hydrogen end use: 

transport applications/ 
FC system 

FC system electric efficiency >50% 

(incl. a 5% improvement in cold 

Pillar Hydrogen end use: 

transport applications/ 

FC system 

gravimetric 
>2 kW/kg for aviation applications and 

• 

number of parts and foster the emergence of standard components, interfaces and system 



• 

• 

• 

Gravimetric density 

- 

- 

- 

- 

- 



The efficiency reported in 

3.2 

energy consumption of the auxiliary devices are strongly influenced by the relative size of the stacks in the 

in the literature review in 2.5.5 2.5.6

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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These suggested architectures are grounded in insights from the literature review as well as the challenges 

• 

• 

1050 kW 1050kW 1050 kW 



- 

division for the anode and cathode paths. With this base definition, the blueprint is defined to have 1 of 

therefore boost system efficiency, the integration space and gravimetric power density requirement of a 

- 

system with the addition of turbines to the air path for energy recuperation. Additionally, due to the 

- 

the air path and hydrogen paths. Using a common rail and buffer would allow for single large components 

- 

- 

blueprint #2 in terms of using air and hydrogen buffers and common rails. Owing to the higher overall 

high power (flow) compressor and a low power (flow) compressor to cover a larger portion of the operation 

- 

- 

o 

o 

- 

o 

o 

- 

o 

- 

o 

o 

o 



o Cooling medium on the application side is a critical factor in component number count (truck 

o 

5 
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[1] 





single stage compressor 

instead of 

Maritime & stationary 

adapted from 

More complex system due to an No compressor/expander because of 

Non accumulator solution being 

1 MW system with 3 stack, 

with dedicated recirculation 

Reduction of volume through 

EU Single air and hydrogen loop for all 

210 kW system using 3 

stacks with distributed 

with common rail buffer for 

and isolates stack demands, 

stores supplement reactant for 

periods of supply shortage or 

More complex system due to an 

voluminous system due to the use of 

Integrated thermal subsystem and a 

former being structurally much 

3,7 MW with multiple stacks 

and LH2 storage (sizing 

Oversizing stacks compared to 

their design operating point and 

increasing the stack count can 

lead to reducing overall system 

More complex system due to an 

needed to balance performance 

Multi stack system for 

different power levels (140, 

Single air supply subsystem with More voluminous system due to the use Multi stack system with one small 

stack and one large stack shows 

benefit compared to two identical 

Schröder et al.

single stage compressor, 

integrated air supply and 

Aviation (compressor Modular system with increased 

redundancy (multiple stacks and 

systems), weight reduction 

Added weight and volume due to 










