
ABSTRACT

development cycles, high costs, and limited competition, which 

The StasHH project, funded by the European Commission, 

and optional DC/DC converters, excluding hydrogen storage and 

continues to impede reliable, consistent evaluation of FCM 

lack of unified guidelines on the key performance metrics, 

consistent protocols on how to carry out tests and in which 

To ensure effective standardization within StasHH, it was 

deemed essential to establish testing protocols that enable 

consistent validation and benchmarking of FCMs, meeting 

industry needs for scalable performance assessments. This work 

aimed to define 

20259106



metrics. The StasHH protocols are intended to support the fuel cell 

prototypes and products, aiding technology assessment and 

The StasHH standard dimensions are primarily determined by 

the space constraints of European trucks, one of the most 

680 mm and width of 700 mm is generally compatible with the 

StasHH specifies three basic form factors with a width of 700 

on a unit length of 340 mm: Type A (3 units), Type B (4 units), 

must support over 30 kW. Units can be stacked to form composite 

detailed discussion is available in StasHH project deliverables 

The StasHH standard specifies general areas for physical 

interfaces but leaves connector positioning, size, and shape to the 

manufacturers. This flexibility avoids significant design 

challenges, such as chassis modifications, as minor hose 

vertically or horizontally to allow for manifold installations when 

diameters for hydrogen and air inlets, steam outlets, drains, and 

cooling, which scale with FCM power and include common metric 

protocols. CAN bus, widely used in automotive applications, is 



Ethernet is also supported for higher data capacity, larger networks, 

of relevant regulations, addressing emergency stops (via 

cybersecurity and diagnostics. Six primary FCM states are defined, 

adaptations, the standard does not mandate a specific connector 

but defines 5 required pins, 9 optional pins, and suggests 4 

For the general technical requirements, the StasHH standard 

followed the Key Performance Indicators (KPI) as specified in the 

formulated by the Clean Hydrogen Joint Undertaking of the 

for systems using Polymer Electrolyte Membrane Fuel Cells 
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From this process, a focused shortlist of six tests was identified as 
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of terms” was proposed to ensure a shared understanding across 

up to become ready to deliver power is an important performance 

factor, e.g. for mobility applications. The first goal of this test is to 

°C) 

The second goal is to measure the duration and energy 

measuring energy consumption is to give insights into the proper 

main references, based on which this test has been established, are 

The key performance indicators resulting from this test are the 

i.e. from minimal output power to nominal output power, and 

two main references, based on which this test has been established, 

Within the StasHH protocols, the dynamic response of the FCM 

is quantified by measuring the duration between the moment of 

which the target power setpoint is reached. This is done at the 

verify if there is no unstable behavior. Afterwards, the coolant 

temperature is increased to the maximum operating value, 

A successful test result is achieved when the FCM performs the 

This test is carried out to trace the efficiency curve of the FCM 

as a function of the net electrical power output, measured at steady 

the most common and relevant methods to characterize fuel cell 

features, such as system operating costs or sizing of auxiliary 

Within the StasHH protocols, it is advised to measure the 
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electric input and the electrical output at steady state. It is the ratio 

𝐹𝐹𝐹𝐹𝐹𝐹 =
𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒
𝑚𝑚ሶ ∙ 𝐿𝐿𝐿𝐿𝐿𝐿

Similarly to efforts taken in regulating internal combustion engine 

exhaust emissions and measuring fuel economy, a common 

standard cycle definition is needed to benchmark the FCMs 

supercapacitors, which buffer power fluctuations by handling 

which is an international standard for exhaust emission 



In addition to the load profiles inspired by WHSC and ISO 8178, 

considered if the FCM behavior appears unstable, indicated by 

deviations exceeding a predefined threshold, e.g., more than 5% 

variance in hydrogen consumption between cycles, module 

successful result is achieved when the FCM performs the 

The KPI resulting from this test are the average hydrogen 

Due to the intended versatility of the FCMs, the system needs 

angles might lead to internal water management issues, which can 

render efficient operation much more difficult, resulting e.g. in 

Given that some FCM designs are optimized for road conditions 

free to select test angles that follow performance standards 

The FCM operating temperature depends on the thermal 

management system, including external components like coolant 

pumps, heat sinks, and vehicle HVAC systems. In case of cooling 

system failure, the FCM must either enter a safety mode or shut 

under nominal load, increasing the coolant temperature and 

operating the FCM for 30 minutes, checking for the time to trigger 

gas and coolant circuits. If the FCM tightness quality has not 

decreased and is within safe limits, a restart is carried out, and the 



Compared to the previous tests aimed primarily at quantifying 

not incurred any permanent damage, a leakage rate test and a 

StasHH, in collaboration with leading fuel cell suppliers and key 

standards have been submitted to the IEC TC105 standardization 

key part of standardization, ensuring comparability and scalability 

comparative assessments, information exchange, and help bridge 

from this work highlight the need for ongoing collaboration and 

industry can foster a more unified and efficient pathway toward 
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