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T
he FoE Mobility & Production is 

more than ever confronted with 

new technologies for the produc-

tion, storage and use of green hydrogen. 

In its recently published Global Hydro-

gen Review 2021, the International En-

ergy Agency (IEA) discusses the role of 

hydrogen on the path to net zero CO2 

emissions from the global energy sector 

by 2050. Currently, the consumption of 

grey fossil hydrogen amounts to almost 

90 million tonnes, making it one of the im-

portant global sources of CO2 emissions. 

The scenario foresees the production of 

(green) hydrogen increasing to over 500  

million tonnes by 2050 (approx. 60 kg hy-

drogen per capita and year worldwide), 

with hydrogen and hydrogen-based fuels 

such as ammonia, methanol and power- 

to-liquid, being used in production and 

transport, including shipping and aviation. 

Hydrogen production is mainly based on 

electrolysis using wind and solar energy. 

Biomass and biogas will also contribute 

to hydrogen production and can be used 

in combination with carbon capture and 

storage as negative emission technolo-

gies to remove carbon dioxide from the 

atmosphere. To achieve the competitive 

cost of green hydrogen of three euros 

per kilogram of hydrogen, electricity from 

renewable sources must be available at 

a price of around 2 cents per kWh. The 

broad expansion of electricity generation 

from renewable sources leads directly to 

the second challenge, the storage of sur-

plus energy in large quantities and the 

management of seasonal fluctuations of 

sun and wind. The storage medium green 

hydrogen can be converted back into 

electricity with efficient technologies 

such as the fuel cell or used industrially 

via sector coupling and will thus make a 

significant contribution to decarbonisa-

tion by 2050. 

In May 2021, Merit Bodner was appoint-

ed to the tenure-track assistant profes-

sorship in the area of Mobility and Pro-

duction and assigned to the Institute of 

Chemical Engineering and Environmental 

Technology. Bodner is continuing her sci-

entific career at TU Graz with a habilita-

tion in the field of hydrogen fuel cells after 

several years of research work with Euro-

pean fuel-cell developers. 
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Moving towards 80,000 Hours of Fuel Cell  
Operation and Beyond

Merit Bodner 

Hydrogen and fuel cell technologies as viable and sustainable approaches to a renewable energy 
supply chain are experiencing unprecedented attention. As the industry is growing, its view is becoming 
increasingly holistic. Novel and innovative ways of maximising product utilisation and minimising product 
footprint are crucial in establishing a true alternative to conventional solutions. 

Hydrogen-fuelled low temperature poly-

mer electrolyte fuel cells have through-

out the years been regarded as a viable 

and sustainable option in the transition to 

a green energy supply chain from a tech-

nological point of view, yet a lack of pres-

sure in often purely economically driven 

trade-offs have for a long time hindered 

a large scale roll-out. As the impact and 

the accompanying challenges posed by 

climate change are becoming increas-

ingly pressing and a threat to life as we 

know it, hydrogen as an energy carrier 

and fuel cells as a highly efficient con-

verter thereof, are experiencing unprec-

edented attention. 

As a price tag is more and more often put 

on the emission of pollutants and green-

house gases, economic viability shifts too. 

However, this abruptly increased interest in 

the technology has put an industry, which 

is in the critical phase of the transition from 

a small scale and research-driven mind-set 

to mass manufacturing and the holistic > 



30
FIELDS OF EXPERTISE 

TU Graz research  
2021-2/#26

MOB I L I TY  & 
PRODUCT ION

Figure 1:  
State of the art and targeted  
costs for fuel cell systems in  

different applications. 
Adapted from:  

https://www.fch.europa.eu/soa-and-targets.  

Source: Merit Bodner

Merit Bodner  
has been working in the field of 
fuel cell research since 2011, with 
particular focus on degradation 
phenomena and lifetime limitations of 
low-temperature polymer electrolyte 
fuel cells.

After her graduation, she had leading 
positions at Danish Power Systems 
in Denmark and Nedstack Fuel Cell 
Technology in the Netherlands.  
Since May 2021, she has held a 
tenure-track position at Graz University 
of Technology. Merit Bodner has 
over 40 scientific publications and 
presentations and has contributed 
scientifically as an expert in 
commissions and in the  
peer-reviewing process.

Source: Foto Fischer

analysis of processes in the spotlight. Im-

portant questions in this transition pro-

cess largely concern quality assurance, 

reliability, predictability and extension of 

the lifetime of fuel cell systems as well as 

the inclusion of the entire manufacturing 

and utilisation chain in a circular econo-

my. Economically, fuel cells are as of now 

still in a disadvantaged position in com-

parison to more established technologies, 

such as the internal combustion engine. 

However, several means to close this gap 

are in reach. 

CONNECTING THE DOTS  

Beyond the obvious economy of scale, 

which is anticipated to come into effect 

as the industry shifts towards mass man-

ufacturing, improving material utilisation 

– in particular of the high-cost, mostly 

platinum-based electrocatalyst – is a 

key factor in cost reduction. Research 

includes the development of new cata-

lysts with a higher activity, paired with a 

lower Pt loading, as well as the stabilisa-

tion of catalyst and support. 

Figure 2: Fuel cell catalyst synthesis.
Source: M. Grandi

Another critical electrochemically active 

component is the polymer electrolyte, 

which is needed both as the membrane 

and as a part of the electrodes to pro-

vide ionic conductivity. As the membrane 

separates both reactants, the chemical 

and physical stability are crucial not only 

to performance, efficiency and lifetime, 

but also to safety. 

Both polymer electrolyte membrane and 

catalyst exhibit a large interconnection be-

tween their chemical composition, physi-

cal properties and their performance and 

durability. The Institute of Chemical Engi-

neering and Environmental Technologies 

has a long history in the investigation of 

degradation mechanisms of fuel cells and 

their prevention as well as in the develop-

ment of materials for the use in fuel cells. 

Through the increasing understanding 

of degradation mechanisms, their con-

nection to the used materials and their  
impact on the behaviour of fuel cells, in-

creasingly advanced monitoring tech-

niques emerge, which are crucial to long 

term reliable fuel cell operation.  >
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Figure 2b: TEM image of the deposited 
protective layer on the fuel cell catalyst.
Source: K. Kocher

Figure 3: CEET staff 
working in the fuel cell 
laboratory.
Source: E. Kuhnert

Figure 4:  
Fuel cell short stack.

Source: K. Mayer
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REDUCING THE FOOTPRINT  
OF FUEL CELLS 

Every technology possesses an individual 

footprint, be it based on renewable re-

sources or not. This naturally includes fuel 

cells and as production is rapidly upscal-

ing, these processes are experiencing in-

creasing attention as well. Research and 

development is aiming at the implementa-

tion of new and resource-efficient manu- 

facturing techniques. Another path to-

wards a smaller footprint, however, is to 

increase the duration of the fuel cell utili-

sation. Targets set for fuel cells, such as 

the one of 80,000 h for stationary applica-

tions given by the US Department of En-

ergy [1], are, however, difficult to prove in 

a reasonable time, as this is equivalent to 

10 years of up-time. Relying entirely on 

use case data would result in unaccept-

ably long development iteration intervals. 

It is furthermore worth noting that in these 

orders of magnitude, the contribution of 

system components becomes critical as 

well and the actual duration of the fuel cell 

may be overshadowed by degradation of 

other components, further complicating 

the proof of such lifetime durations. One of 

the longest running systems reported has 

exceeded 65,000 h of operation within 

12 years [2] and is still counting.

Therefore, in order to accelerate the devel-

opment process, accelerated stress tests 

are made use of. Individual stressors are 

selected based on the respective use case 

or targeted material and deliberately ap-

plied in an operation profile. This allows 

for a far quicker identification of future life-

time limitations of the fuel cell itself. 

With this information, it is possible to give 

lifetime estimations in a reasonable time. 

At the same time, triggering specific deg-

radation mechanisms allows us to under-

stand the impact they have on the stabil-

ity and behaviour of the fuel cell. This be-

haviour can then – like a fingerprint – be 

looked for in use case data, giving an early 

insight into ongoing degradation and al-

lowing fast actions for mitigation.  

Figure 5: Electrochemical 
impedance spectra at 
differnt operating points.
Source: K. Mayer


