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Fuel cells are tools allowing for the direct conversion 
of hydrogen in electricity, with a large reduction in 

emissions compared to combustion reactions. This is not 
a new technological solution but one that only in the last 
few years has received a strong push,  both in power, 
but mostly in mobility: two 
big companies, Toyota and 
Hyundai already sell cars 
based on fuel cells, and it has 
been predicted that by 2030 
they will be producing at le-
ast 300 thousand vehicles a 
year running on hydrogen. 
Now that the technology 
has reached maturity the 
problem is guaranteeing 
functionality comparable to 
other systems on the mar-
ket. A sector of research in 
which the laboratory ePro-
Lab in the University of Sa-
lerno has had a primary role 

for many years. Professor Cesare Pianese explains “We 
concentrate on the aspects tied to control, technology 
and software which allow the system to work at optimal 
performance, even through diagnostics”. The campus 
is among the founders of a European association that 

brings together researchers 
in the industry: “We made 
available - notes Pianese - 
knowledge that was border-
line, then bringing it to full-
blown innovation”. So much 
so the University of Salerno 
ha received financing on se-
ven different projects for a 
total of nearly one and a half 
million euros: “which allows 
us to involve all the students 
in the university in this rese-
arch, and the ability to issue 
various scholarships and on 
the job training which is im-
portant for them”.

The leading edge in energy
Research on fuel cells has now reached maturity

Cesare Pianese

Is it possible to bring together, in one single research te-
am, plasma physics, relativity, nuclear physics and engi-

neering, nanostructured material science and the techno-
logy to create superintense ultrashort laser pulses? The 
Ensure project, funded by the European Research Council 
(Erc-2014-CoG No. 647554) with 1.9 million euros at Poli-
tecnico di Milano, tries to give a positive answer, by explo-
ring new techniques of particle acceleration. “High-energy 
particle beams are ex-
ploited in various scien-
tific and technological 
fields, both for research 
and applications, for 
example in nuclear me-
dicine or radiotherapy”, 
explains Matteo Passo-
ni, associate professor 
in Theoretical Physics of 
Matter and head of the 
project. “But conventio-
nal techniques have cer-
tain limits: a completely 

new approach is possible, thanks to the developments in 
high power, ultrashort laser technology”. Interacting with 
matter, these pulses produce the most intense electric 
fields ever made in a lab environment (thousands of billions 
of volts per meter) and to accelerate charged particles (pro-
tons and other ions) up to high energies, within very small 
space regions. The acceleration process can be controlled 
and enhanced by creating suitable nanostructured ma-

terials, with properties 
impossible to be obtai-
ned in conventional 
materials. “The project 
allows therefore to in-
vestigate, at the theore-
tical and experimental 
level, both fundamental 
physical processes, like 
the collective behavior 
of matter in the relati-
vistic regime, and po-
tential applications of 
interest for the society”. 

The aim is to...accelerate
A project of the Politecnico di Milano explores new techniques of particle acceleration

Artistic view of the acceleration process
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Just a few weeks are left till the 
end of the BioRobur European 
Project coordinated by Debora 

Fino, a professor of Chemical Systems 
at the Torino Polytechnic, and the 
enthusiasm is making itself felt. “The 
project will reach its conclusion at the 
end of August, and the fi nal meeting is 
planned for the end of July right here 
in Torino – explains Fino -. I am ve-
ry proud of this because, after three 
years of work, I can say that we have 
reached 90% of the objectives that we-
re set, and in the weeks that are left I 
think we will reach all of them, 100%”. 
A result which was not to be taken for 
granted, also because the goal of the 
work group – eight European partners, 
among which were universities, rese-
arch centers, and small to medium-si-
zed companies – was decidedly com-
plex, and namely, to produce hydrogen 
with an elevated level of purity, starting 
from the direct reforming of the gas 
produced by anaerobic digestion of or-
ganic waste. In other words, this meant 
fi nding the modes and the reactors ne-

cessary to obtain pure hydrogen from 
organic waste, a result that was stimu-
lating both in terms of research as in its 
immediate practical environment also 
at production levels. “The main origi-
nal aspect of our project was this – Fi-
no goes on – because normally during 
the reforming process carbon dioxide 
is eliminated to convert only methane 
as the synthesized gas. We, instead, 
started with everything to then obtain 
hydrogen and carbon monoxide using 
the process of auto-thermal refor-
ming”.  Their goal, moreover, had two 
objectives – it was not intended to just 
produce hydrogen with a high grade 
of purity, but also to design a demon-
stration plant which would process the 
biogas “without using commercial ca-
talysts with a high content 
of noble metals, but rather 
by using more economical 
systems which benefi t the 
process and its cost. We 
used new materials both 
from the support point of 
view and for the catalysts 

for the reforming process”.  And this is 
precisely the aspect where the project 
is achieving big results. Having started 
off by testing powdered catalysts, the 
work team took an almost two times 
greater leap in scale. From powders 
for a reactor structured to be the size 
of a small half liter water bottle, they 
were then able to confi rm the process 
on systems selected from among the 
most performing even on a big scale, 
resulting in 50 Nm3/h (100 Kg/day) of 
hydrogen produced. “And this system, 
in a demonstrative scale – which is te-
sting stronger and better performing 
catalyst material – is producing better 
results compared to the smaller scale, 
as was expected. The whole month of 
August is still left to carry out tests of 

longer duration, but the results obtai-
ned up till now already open up great 
prospects. In spite of the fact that ours 
is a big plant at research level, the re-
sults obtained can already be commer-
cialized in the near future. Certainly, 
now it would be necessary for a big 
industrial company to produce these 
catalysts as a mission, and invest in the 
concept, and make it more solid. We 
have made an innovative plant which 
was fi nanced by the European Com-
munity, which has become a reality 
which only desires to be put to work”.

Pure hydrogen from 
organic waste

This is the goal of the BioRobur Project which has already been tested on a big-sized plant

Fuel processor
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