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To Piero Lunghi. We missyou a lot. To you our gratitude for ever.

This book is dedicated to the memory of Piero Lunghi,
creator of the Ewopean Fuel Cell Technology and Applications Conference, dear friend and
colleague, who prematurely passed away in a car accident on damned November 9 2007

Piero made significant contributions in the field of fuel cells in the course

of his too short career. He was the leading figure in the formation

of the fuel cell research group at the University of Perugia and several activities and
research projects initiated by him are still ongoing.

This means that, thanks to Piero, many young people are working

in this exciting research field and are coming to Naplesto present their results. Therefore,
Pi e rmeriosy is in the conference name but P i e rcanfiilsution is still in the contents of
this book.

The memory of our friend Piero, his great personal generosity and energy, survives in our
hearts, his contribution and his tenacity survive in the work

of young people who carry on his vision throughout the world.

Give them your passion, your strength, and make all necessary effort to realize them. There
is no greater satisfaction than seeingo n eideas become reality and become part of the
future of our world.

Piero strongly desired this, and constantly followed this through

with conviction, passionand dedication.

For a better future, we need young researchers of this kind.
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Abstract

The present work provides an electrochemical single cell assessment ofRRGidnanode
catalyst for PEM electrolysis applications. A sslate procedure was used to obtain Ag/Ti
suboxides, fromsilver nitrate and titanium suboxdes with Magneli phase.The thermal
reduction processpromoted the inclusion of silver within the Tisuboxides.The MEA,
consisting of Ag/Tsuboxides anode, Pt/C cathode catalysts and 212 NAFION® membrane,
showed promising performance and durability cheteristics in comparison to analogues
alkaline systems based on P@ide catalysts. At 80 °C, performances, of 0.6 & ah®? Vand

2 Acm?at 2.2V IRfree were observedogetherwith anelevatedstabilityduringsteadystate
operation.

Introduction:

Minimization of highcost metal electrocatalyst is necessary to achieve-effsictive green
hydrogenproductionby proton exchangeanembrane(PEM)water electrolysifWE).Thelarge
increase of the cost of Ir recently observed [1] requires individuatitgyreative catalyst
solutionsfor the oxygenevolutionreaction(OER)n PEMWETheOERsthe rate determining
stepofthe electrolysigorocessequiringhigh-costnoblemetalswith significantlyhighloading.

Material and methods:

A non-platinum group metal (non-PGM) anode catalyst based on silver and titanium
suboxide[2] was prepared and used for the oxygen evolution reaction in a PEMWE cell. By
usinga solid-state synthesigprocedure a silvernitrate andtitanium suboxideq ThOzn1) with
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Magneliphase powderswere mixedand subjected thereafteto athermaltreatment at 300

°C in a 50% ##N: gas stream to promote the inclusion of silver within thestiboxides

structure. A membrane electrode assembly (MEA), consisting of the anode Agkdiand
conventional Pt/C cathode catalysts deposited on a 212 NAFION® membrane (thickness 50
>Y0X gla Ay@SauAadalriSR G2 FaaSaa GKS LISNF2NY
evolutioncatalystin an acidicenvironment.

Results:

A promising performance, 08.6 A cn? at 2 V/cellat 80 °C, and an excellent stability
(degradatiorrate<14> + dinga 1000h test) were achievedor the electrolysiscellbased

on a costeffectivemetal anodeelectrocatalyst.
Postoperationanalysisshowedsomecatalystagglomeratiorand migration of silveronto the
membrane which was indicative of lower intetan with the TiOx phase. An increase of the
oxidation states for Ag and Ti was also observed. However, such modifications did not
produce relevant performance losses. In general, there is still a good possibility of improving
catalyst properties in termsf dispersion, particle size and interface with the solid polymer
electrolyte ina PEMelectrolysiscell.

Conclusions:

the developed Ag/TiOx catalyst effectively requires some improvements before becoming a
satisfactory replacement for the IrOx benchma@ur work was essentially addressed to
provide a basis for an alternative catalyst formulation that could undergo to successive
amelioration. As mentioned above, the required improvements regard the achievement of a
mesoporous catalyst morphology, a decseaof the particle size, a better inclusion of Ag in
the Tisuboxidestructureetc.
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Abstract

Strontiumcerium manganite with perovskite structure was characterized as a possible anode for the
hightemperature solid oxide electrolysis cells, including fuel-assisted electrolysis. It was
demonstrated that Sr=Ce.sMnOs. has thermal expansion matching that of zirconia and ebased
electrolytes. Its stability enables operation under moderately reducing conditions, down t @f{O
101%-10'® atm at 700800°C. The electrochemical performance of/SesMnQOs. anode can be
efficiently enhanced by impregnation of Rr@ GDC. $rCesMnGs. anode with Pr@Qactivation
demonstratedan anodicverpotentialof ~50mVat 0.35 A/cnt at 750°C

Introduction: Most efficient oxygenelectrodesfor solidoxidecells(SOCare derivedfrom cobaltites

with perovskite structure. SOC stacks can be used for the generation of energy (SOFC), conversion of
excessive green power to fuels or goods (SOEC), or for balancing the electric grids (rSOC). However,
cobalt is one of the soalledcritical raw materials, and its very modest supply is shared between the
production of batteries, magnetic alloys, and special steels. Seeking for materials with a combination
of properties,whichallowsreplacinglanthanumstrontium cobaltite (LSCand cobaltite-ferrite (LSCF),
becomes an actual problem with the growing demand for SOC stacks. One of the alternative options
is Si.7Ca3MnOs. (SCM)amixedionicandelectronicconductorwith a perovskitestructure.Contrary

to the a Of | dadthaduénstrontium manganites, which are pure electronic conductors,

Sk./Ce MnOz. demonstrates modest ionic conductivity, comparable with LSCF [1]. Due to higher
stability to reduction, expected for manganites in comparison withc@Qutaining perovskites, SCM

may ke a possible solution for the anode of the faalsisted electrolyzer cells (SOFEC), which are a
promising solution for the conversion of the layuality fuels to hydrogen [2, 3]. Characterization of
SCMasa SOF@athodewasnot fully successfuljkely due to problemswith the electrolyte-electrode
interface[4, 5].

Objectives:The main objective of the present study was the characterization,@€&MnOs. as a
possible anode for the hightemperature electrolysis cells, in particular, for the fuel-assisted
electrolysis.

Material and methods:Powder of the SrCeMnOs. was synthesized using the glycinigrate
method with calcinations at 900300°C toobtain singlephase material. Gassght ceramic with a
relative density of 94% was sintered for 5h at 1450°C in air. Bgitmnelectrochemical cells were
prepared using 8YSZ solid electrolyte in the shape of the disks with 1.0 mm thickness, with the
Ce G110« (GDCprdiffusionbarrier,andPtcounterandreferenceelectrodes SCMelectrodesvere
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sintered at 1000°C. Electrochemical measurements were conducted using Autolab AUTOLAB PGSTAT
302 galvanostat. The thermal and chemical expansion was measuraegaukinseis L75 dilatometer.

XRD data were collected on a Rigaku D/MBadiffractometer. Electrical conductivity relaxation (ECR)
measurementsvere donein the p(Q) rangeof 0.0020.21atm at 800:950°C.

Results:SCM ceramics has a tetragonal perovskiteciure (space grougd/mcm). The average
thermal expansion of SCM ceramics under oxidizing conditions-2180°C is 12.3x¥XK?, i.e., it is
compatible with Zr@, CeQ and LaGa® -based solid electrolytes. However, excessivechemical
expansion was daerved in reducing atmospheres, which may lead to delamination of the electrode
layerat p(0r)=10'%-10"*atm. Low-p(QG) phasestability limit correspondgo ~10! atm at 750°Cwhich

may be acceptable for a SOFEC anode but not for a SOFC anode oraBO&€ roaterial. ECR
measurementsevealedthat the ionic conductivityof SCMis ca.10*-10° S/cmat 875-950°Cwhichis

more than an order of magnitud®wer than the values observed for the LSCF and is in good
agreement with published data [1]. HereWjtthe surface exchange does not limit ionic transport,
which can be considered a positive feature for the electrode material. Total conductivity in air is ca.
300 S/cm and decreases to 40 S/cm under reducing conditions. SCM demonstrated insufficient
chemtalcompatibilitywith Y SZreactivityproductsincludeCeQ, SrMnQ and SrZrQ. Electrochemical
measurements showed that, while the polarization of the pristine SCM anode is relatively high,
impregnation with GDC or Pxf@ads to a significant reduction the polarization resistance, up to 10
times for the later activator. The anodic overpotential of the electrolytpported cell was as low as

50 mV at the current density of 0.35 A/émt 750°C and 0.50 A/chat 800°C. The first attempts to
prepare electode-supported cells using semmbmmercial halcells [6] were not successful due to
excessive Stiffusionthroughthe GDC interlayesindreactivitywith 8YSZ.

Conclusions:Sp Ce sMnOs. demonstrates a moderate performance as an anode for SOEC and
potentially SOFEC, which can be effectively enhanced by impregnation. The material shows good
thermal compatibility with state-of-the-art electrolytes; however, high activity of Sr requires
additionalmeasures tgrotect 8Y SZrom the formationof insulatinginterlayers
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Abstract: Copperbasedmaterialwith perovskitestructurewascharacterizedasa possibleair
electrode material for hightemperature solid oxide cells. It was demonstrated that
LaNd.sCw.s0s+ oxide has chemical compatibility with a commonly employed CGO hagfer.
However, due to the low performance of cells using this material on the air electsouge
anddouble copperbasednickeHree pervoskitesvere selectedfor further study.

Introduction: The significance of hydrogen to the world economy keeps growing. Between
20182020 alone, more than 20 significant government documents were issued to plan the
deployment of hydrogen, and by the end of 2021, more than 30 countries had developed
hydrogen strategies or were in the processof developingthem [1,2]. Consequently,
production of hydrogen, based on &fdee processes, should increase considerably. One of
the leading technologies being evaluated for widespread implementation in this field is Solid
Oxide Electrolysis(SOE).Due to their excellent catalytic activity and high mixed ionic
electronic conductivity (MIEC), cobaltbased oxides with mixed ionic and electronic
conductivity are stateof the-art air electrode materials for SOC [3]. However, the predicted
continuousgrowth of the demandin the nextdecadegrelatedto the L+ion batteriesmarket),
andthe politicallyunstablelocationof maincobaltminescausesthe highsupplyriskof cobalt.
Forthat reason,cobalthasbeenlisted asa criticalraw material(CRM )y the EuropeariJnion
(EU)since 2020 [4]. In addition, toxicity of this material and the socioeconomiaoncerns
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associateawith its miningprodudion arefurther impetusedor researchanddevelopmentof
alternativeair electrodes.

The copperbased materials seem to be a feasible and economicallybeneficial option
alternative to the other air electrodes dedicated to SOC that have been proposdw in t
literature. With the implementation of copper, partial or complete replacement of cobalt is
possible. In addition, the use of copperbased materials is justified by interesting
physicochemicdkaturesof the parentLaCu@perovskitesncludinghighelectricconductivity

and significant catalytic activity. Previous research ondsahisOz. oxide haslemonstrated

its chemical compatibility with a commonly employed CGO buffer layeaddition, the
potential of this material for use as an air electrode for SOC operating inrbotles was
confirmed [5].

Objectives:Themainobjectiveof the presentstudywasthe characterizatiorof copperbased
materialsasapossible air electrodéor the high-temperature solid oxide cells.

Material and methods: In this work Cubased single and double perovskites,from Las
xBaCuQ. and LnSsBasCoCu@+ (where Ln: Sm, Gd, Pr, Nd) groups, respectively, were
assessed of in terms of their physicochemical properisgucture, stability, and transport
properties.Theselectedoxides,characterizedvith the mostpromisingproperties,were used

for prepamtion of the fuel electrodébased cells with size of 5 x 5 €nThe preliminary
electrochemicalstudies of developed SOCsincluded measurementsof current density
voltagecurvesandelectrochemicalmpedancespectra(EIS)n 650-800°Ctemperaturerange

in electrolyze and rSOC modes. The studies were supplemented with analysis of
microstructureof aspreparedand aftertestingcellsextendedby SEMEDSanalysis.

Results and ConclusionBhysical and chemical properties of obtained materials confirmed
that proposedCubasedoxideswith perovskiterelated structure seemto be suitablefor SOC
applications. As presented for symmetrical electrolpesed cells the polarization resistivity
(R, of air electrode can reach values below OdlEn? at 700°C. Forak.BaCuQ., R was
determined to be 0.04% cm?at 700°C. For GdsBa sCoCu®@ sand SmSrsBay sCoCu@ w
700°CR, was0.126q cn? and0.124q cn respectively.
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Abstract

Biochar is a promising catalyst for hydrogen production inlttoenass gasification process.
Based on preliminary results, it seems possible to regulate the formation conditions (heating
rate, procesgemperature,reactiontime) of biocharfrom thermochemicaprocessespplied

to lignin in such a way as to produce maals that maintain some of the typical functional
groups of lignin, particularly in terms of oxygeontaining functionalities, and that can
therefore be appropriately modified for the production of higher vahsided products.
Ligninbased biochar has been investigated using different technical lignins in order to
understand, based on their functional characteristics, which ones could be opportunely
functionalized to be used as a catalyst in gasification processes. Four different technical
lignins, name} two different kraft lignins and two different organosolv lignins, were tested,;
for comparisonjignosulfonate lignin andlkali ligninpoth, were alscstudied.

Biochardrom the variousligninshavebeenobtainedby vacuumpyrolysisusinganewheating
system with a heating rate of 700°C per minute. Samples were heated up to 600°C, and
temperature was held for 2 minutes; the process is suitable to avoid possible side reactions,
as well as condensation reactions and formation of unwanted products. Bisohatrtained

was characterizedby specific surface and porosity analysis,thermogravimetric analysis,
elementalanalysisscanningelectronmicroscopyandnuclearmagneticresonanceliquidand
gaseous fractions formed during the thermal processeswere andysed by a gas
chromatograph coupled to a mass spectrometBuring the pyrolysis process, phenolic
compounds and/or AHs can be produced, showing promising applications in biochemical
intermediates andiofuel additives.

From the preliminary results, ligsalphonate and alkaline lignins seem to be the most
reluctantto react,highlightingan unsuitabilityfor the formation of afunctionalizablebiochar.
Furthermore, the high sulfur content present in lignosulfonate lignin and also in the derived
biochar maks it less suitable for its use as a starting material for catalysts development.
Differently,the technicalligninsappearto be the mostpromisingligninsin the productionof
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functionalizable biochar. Tga analysis on pyrolytic biochar shows a greatahstability at
600°Ccomparedto their precursorligninsand BETand NMRstudiesshowbiocharstructures
easilymalleableto the insertion ofcatalytically activenetals.
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Abstract
Introduction: Inthe frame of the hydrogeneconomy the developmentof different processes
for hydrogen production from renewablis being envisioned. For instance, waste biomasses
such as cellulose can be catalytically treated to obtain hydrogen. Usually, cellulose is first
hydrolysed to yield an aqueous solution of glucose. The latter can be further treated in the
aqueous phaseeforming (APR),which is a catalytic processimilar to methane steam
reforming, that gives hydrogen and carbon monoxide from a caiissed substrate [1,2].
However, differently from methane, glucose is a complex substrate includ@dp@hds and
GO bonds, in addition to €4 ones. This makes it easier to decompose the molecule and
decreaseshe temperaturerequiredfor the endothermicreformingreaction(200-250°C)For
this reason, the process can be carried out at autogenous pressutieeitiquid phase
(aqueousphasereforming).

GHi20s# 6CO +6H: GlucoseAPR
Moreover, the employment of low temperatures allows to carry out together the reforming
reaction and the water gas shift one (WGS). The latter consumes the produced CO and
increasesydrogenproduction.
Thus, the combined reactiortan lead to hydrogen production from glucose around 250°C.
However, glucose decomposition by polymerization occurs when this molecule is heated up
over 150°C leading to the formation of solid humins [3], hindering hydrogen generation and
blockingthe catalystactivesites.In thiswork we useda one-pot approachemployingdirectly
a cellulose agueous mixture in APR using a proper catalyst with bottbasedand redox
functionalities.In thisway, cellulosehydrolysisvascarriedout in a controlledway, producing
low concentrations of glucose that were readily consumed by reforming, avoiding humins
formation. This approach requires the employment of tailored catalyiststhis context,
layered double hydroxide (LDH) derived catalysts are suitable candiftataqueous phase
reforming of cellulose. LDH are anionic clays where positively charged hydroxide layers are
alternatedto onescontainingcarbonateanions.LDHcanbe exploitedascatalystprecursors
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becausdifferent cationscanbe crystallizednto the LDHstructure (suchasNi, Mg and Al for

this work) and becausethey can be decomposedto oxides by calcination. Inaddition,
reducible cations such as Ni can be extracted as nanoparticles after reduction by molecular
hydrogen.

Objectives:This work ans at directly producing hydrogen from waste cellulose by agueous
phasereformingusing tailoredcatalysts.

Material and methods:The LDHbased catalysts were prepared by coprecipitation, then
calcined to obtain the corresponding mixed oxides. The finalysts, composed of Nover

MgAIl mixed oxide were obtained by reduction under Fhe catalysts were characterized by
means of XRD, nitrogen physisorption, TEM, TPD and TPR/OR analyses. Cellulose (1.59),
catalyst (0.4g) and water (50.0g) were chargedrnrautoclave under Mr Hand heated up

to 250°CThe gasndliquid productswere analysedy GCand HPL@spectively.

Results:The obtained NiMg(Al)O catalysts showed the copresence of redox and-lbasd
functionalities, needed to catalyze reforngrand hydrolysis as well as retro aldol reaction
respectively.In glucose APR,very low hydrogen production was obtained due to the
formation of insoluble products (humins), while a consistent hydrogen yield (>20%), was
obtained using cellulose, highlightng the advantagesof making a one-pot processthat
couples hydrolysis and APR. The effect of Ni content was also investigated. Increasing it
providedaninitial increasan hydrogenyield,while at highercontentsit decreasedlueto the
formation of largeNi particleswhichdecreasedhe total metallicsurfacearea.Thestudywas

also concentrated on the identification of liquid products and reaction pathways leading to
them, an area that is seldom treated in the existent literature. Glucose was not fiouhe

liquid phase, indicating thats consumptiornby APRs faster tharits generationfrom cellulose

by hydrolysis.Amongthe other products, glucosewas transformed mainly into lacticacid,
acetic acid and ethylene glycol. The latter is probably semmediate in hydrogemproduction

asit canbe easilyreformedto producehydrogen.Counterintuitivelythe additionof hydrogen

in the reaction atmosphere since the first stages of the process allowed toghusise
hydrogenolysigo short chain alcoholsfurther increasingoverall hydrogen productionby
reformingof them.

ConclusionsLDHderived catalysts were prepared in this work and applied to cellulose APR
for hydrogen production. The catalyst showed interesting hydrogen yields which
outperformed a ommercial catalyst. In addition, the results were higher than those that
couldbe obtaineddirectly using glucose.
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Abstract

Introduction: Among the hydrogen sources, the use of waste biomass or biedeassed
feedstocks can be an alternative to water electrolysis. In this view, glycerol, a cheap and
renewable biomass feedstock was used as a sutesinethe present work, as it is found as a
wastein biodieselproduction.Althoughglycerolcanbe convertedby steamor aqueousphase
reforming at temperatures above 200°C[1], photoreforming of glycerol is a greener
alternativeableto yield hydrogenat room temperatureaidedby solarlight andthe presence

of a photocatalyst [2]. Among them, titania is the most used material, usually functionalized
with metal nanoparticles. However, the chemical and morphological properties ef d80
well as the metabdeposition method, highly affect the catalytic activity and these can be
tailored by appropriate synthetic methods. Here, titania was produced by a microemulsion
procedure and functionalised with Pt by incipient wetness impregnation or deposition
precipitation techniques, the catalysts were fully characterizedand then applied to
photocatalyticreformingof glycerol inaqueous media.

Objectives: This works aims at developing active catalysts for glycerol photoreforming by
tuningthe syntheticproceduresand at understandinghe correlationbetweenthe properties

and activityof the catalyst.

Material and methods:In this work four types of T&vere used: two commercial TiO
powders, CristalACTIVMDT-51 and DegussaP25, and two lab-synthetized TiG: using a
microemulsion system [1]. This method allows preparing piwders with anatase (T
m_A) and rutile (TiQ-m_R) polymorphs depending on the reaction time. Platinum
nanoparticles (NPs) in 1.5% wt. were deposited by two different methods over the TiO
supports: incipient wetness impregnation and depositiprecipitation (DP), followed by
subsequentcalcinationand reduction in the flow of hydrogen(10%v/vin Nz, 350°C).The
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catalytic tests were conducting feeding in a slurry containing the catalyst aradj@eous
solutionof glycerol, irradiatedor 6 h with a solarsimulator.

Results:The obtained catalysts allowed to produce hydrogen from glycerol phtotreforming
andthe resultsdemonstratethat phasecompositionof TiQ influencesboth the selectivityof
intermediates and hydrogen production rates. Anatase is more selective towards
glyceraldehyde, while the presence of rutile promotes a more selective reaction towards
glycolaldehydeRutilealsoshowsa higherproductivityof hydrogencomparedto anatase.The
analysisof liquid phase products suggeststhe mechanismof glycerol photoreforming
illustrated in Figure 1. Besides, Pt NPs prepared by DP method showed superior rate of
hydrogen production than classical impregnation, because of the small and hoexmggsEn
distributed nanoparticles. The effect of the synthetic method of titania support and their
photocatalyticactivity was alsaliscussed.

2Hz + HCOOH o,

Lo

2+ H20 glycoladchyde

¥ + H20,
HCOOH + H2

OH
o M _oH ——= HO A 0

» walde »
dihydroxyacetone glyceraldehyde

Figurel: hypothesised reactiomechanisnof glycerolphotoreforming

Conclusions: The effect of the synthetic method and phase composition of titania
photocatalystsaswell asthe depositionmethod of Ptnanoparticlesvasinvestigated andthis
work demonstratesthe possibility of developing suitable catalyststo convert biomass
derivativesby solarirradiationto chemicalsand hydrogen.
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Abstract

Introduction: Lignocellulosic biomass is a suitableirse of green hydrogen that can be
produced via thermochemical path. Stream of ultrapure hydrogen and high yields can be
obtained by using membrane reactors (MR) which are based on the selective permeation of
hydrogen through Pd membranes. The synergyerihnyeation and equilibrium needs to be
investigated to optimise process design, starting from syngasobtained from biomass
gasification.

Objectives: Hydrogen separationin reactive and unreactive devices wasexperimentally
investigated at bench scale by ngiPdAg permeation units and MRs connected in a train
ableto treat 0.25Nm3/h (STPdf syngasThepermeationflow of Hxthroughthe membranes

and the CO conversion in ¢€&nhd H achievable with the water gas shift reaction (WGS) in
MRswere investigatedn a setof experimentsvaryingpressure femperatureandsteamflow.
Material and methods:Mixes of H, CO, Cg& CH, and eventually By were used to simulate

the typical compositionof the syngas obtained from the PRAGA plant, which is a pilot
gasificaton plant, built at ENEA Research Center of Trisiaia. The productioncaihtbe
increasedhroughareactionbetweenCOand H.O in the WG Seactionthat isanexothermic
reactioncharacterizedy no variationof the total mole number.Theequilibriumisfavourable

to Hz formation at low temperatureand highH.O/COratio, thoughthe presenceof a catalyst

is required to achieve fast kinetics. Thepdrmeability in Pd increases with the Ag content
and reaches a maximum at around 23 wt% of Ag and this t@scomposition of the
membranes that were used. In the membrane reactor the catalyst is inner confined in a tube
made of a Pd based membrane. The experiments were carried out using two parallel lines
each made of one permeator and one MR. About 50 g cbramercial catalyst based on
platinum and zirconium oxide is located inside each MR. A design of experiments (DOE) was
elaborated consisting of 6 test carried out4t6 or 8 bar 300 °C, 325 °C, 350 °C and steam
flow regulatedto be 1.1, 1.5 and 2 times the stoichiometricvalueto achievethe complete
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conversionof CO.Themix of gaswasheatedby an electricheaterthen splitin two streams
andsentto the hydrogenseparationunit/ permeationunit to separatethe Hydrogen.
Subsequently, the retentateream was mixed with the steam and sent to the MR / reaction
unit where the water gas shift reaction occurs. The retentate and the permeate stream
compositions and mass flow rate were analysed at different process conditions. The gas flow
of each componenof the mix and the permeatedJdwere measured by mass flemeters.
Results:3D graphswere drawnto showthe functionaldependenceof the permeationfrom

the pressure temperatureand steam,the surfacesnterpolatedthe experimentaldata. The

H. permeatbn through the membraneincreasedwith the operatingpressureand with the
temperature. In the MR, the COconversionin Hy; was calculatedusingthe concentration
(measured by GC) in the molar flow in the feed and retentate stream, and then compared to
the theoreticalyieldsexpectedin a GIBBSeactor.In most of the caseghe yieldswere very
closeto the theoreticalvalues,andat the highestT, Pand H.O/COwe measuredconversion
yieldsslightly higherthan that calculatedfor a closedsystem.Thehighed conversionwas
obtained at the highest value o,8/CO ratio, as thermodynamically expected. The pressure
alsoactedpositivelyon the yield becausewith the increasingof the pressurethe H
permeationalso increase@ndthe removal ofH, from the reacton side shiftedthe reaction
towardsfurther H formation. Thetemperature affectedthe processin two oppositeways:

low temperaturesfavouredhigheryields,whereaslow temperaturedepressed,

permeation.

ConclusionsThepermeationallowsreachingthe thermodynamidimit expectedin a closed
systemandin somecaseverpasshe threshold. TheH: permeatedfrom aMRison average

3.4 times higher than the one measured with the permeator unit. Most likely this is due to
the presenceof local superheatedpoints in the membrane that positively affects the
permeation process. The pggermeation step increases the total flow of ultrapure it
does not affect significantly the production of newfkdm WGS and should be used only for
the syngas irwhichthe Hz contentis high.
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Abstract

Introduction: The production of hydrogen from lignocetlaic biomass through gasification offers
severaladvantagesUsingbiomassasa carbonsourcecontributesto the reductionof greenhousegas
emissions, as biomass absorbs,@@ing its growth. Furthermore, the produced hydrogen can be
usedasa cleanfuel or chemical Whenusingresiduesof the agricolcuture agroindusctrysilvicolture,

the use of this feedstock improves circularity in bioeconmy. The biomass gasification is carried out at
high temperatures with a sub stoichiometric input of oxygen respetihe combustion. This leads to

the thermal decomposition generating as main product synthesis gas (syngas) composed af CO, H
CQ, and low percentage of Glds well other light hydrocarbons. The syngas undergoes several
purification processes to removeondensable organic molecules that can constitute a significant
fractionof the products.Subsequentlytechnologiesuchascatalyticsteamreformingcanbe usedto
convert these complex organic molecules and CO into new hydrogen and cleaning the teyngas
produce astreamusable for examplejn methanolor Fischer Trophsynthesis.

Objectives:The work was designed to assess the efficiency of using two types of catalysts operating
in series for tar reforming in order to clean syngas and increase hydrogetent in the upstream.
First,the rawsyngasvaspassedhroughabedof dolomite,whichis quotedto provideconversiorof

tar among 44% 97% being the most efficient among the cheap catalysts. Then, the partially cleaned
syngagassedn abedof N/CeQ/Al.Osthat isquotedto provideconversiorhigherthan 98%because

of the intimate interactionbetweenNiand CeQ that canplayimportantrole onthe steamgasification

of organicmoleculesjn particularavoidingcokedeposits.

Material and methods: For the study a side stream of the gasification plant PRAGA with a nominal
input of 2030 kg/h of feedstock, more details on the rigs and methods are reported elsewhere [1].
Forthis campaigrhazelnutshellswere usedasfeedstockasthe gasificationvas optimizedin previous
studies.Air flow of26 kg/h and 3.5 kg steam overheated at 160 °C were used as gasifying agent to
convert 20 kg/h of shells (95 % DM). Streams of about 2/6 of syngas, corresponding to about
1/20 of the total gasflow in the gasifier, were draft from the reactantbedat heightof 0.728m, in the
followingreported asstreamA, andat 0.936m from the grate, in the followingreported asstream B,

they wererespectivelyabout0.5 mand0. 2 mbelowthe top of the bed ofbiomasswhichwas1.2m

- 1.1m from the grate.Theraw syngasvasconveyedhroughathermallyinsulatedline at250°Cto a
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cracking section consisting of two reactors in series each having a length of 60 cm and a diameter of
50 mm (useful volume 1960 é&nThe sgtem was placed in an vertical electric furnace to control the
temperature at 800 ° C. The whole pilot rig, including glasifier and catalytic sectioig equipped

with online measurement of nenondensable gases {N+, CO, C& CH, ) by online GCralysis.

The syngas is sampled at the exit of the gasifier for offline analysis of water and organic volatiles,
following the CEN/TS 15439:2006 procedure. Qualitative and quantitative GC MS analysis was also
carriedout whenthe tar contentwastoo low for the CENmethodashappenedn the syngasafter the
catalytic treatment. Air nitrogen was used as tracer for the mass balance. As regards ticatadysis,
dolomite was activated by calcination overnight at 900°C. The NyQ&eD; was preparedby
impregnation with Ni(NG),-6H200f the commercial substrate Puralox SCFa 160 Ce20, a gamma
Alumina, containing 20% of CeO, that was provided as tablets 3 mm x 3 mm. After the impregnation,
the samplewas driedat 110 °C fod h, then calcinateat 600°C for3 h [2].

Results:Thecompositionof the streamsdraft from the bedwassignificantlydifferent from that draft

from the top of the gasifier in the typical configuration and operation. In particular, the tar content
was1.82g/m?in the streamAand2.6 g/m?in the streamBversusavalueof 54 g/m® measuredn the
upstream.Thisfinding confirmedthat most of the pyrolysisoccurredin the top layersof the bed. The

gas composition also depends on the height from which the syngas is draft. For example, the H
content increased along the height from 15 % (A), to 19 % (B) and was 22 % in the updraft. The
composition of the gas out the cracking reactor was compared to the input. In the case of the stream
A the Hcontent increased from 15% to 29% which, in mptEsresponded to an increase of 112%.
Onthe basisof the COreductiona minor contribute,i.e molarincreaseof 27%,originatedfrom WGS,

the remaining85%wasfrom the steamreformingof the tar that wasconvertedfor 98%.Analogously,

the stream B wa®nriched of Hwith a molar gain of 137%, of which 103% was derived from tar
conversion.

ConclusionsThe tar contained in stream of syngas from pilot gasifiers was reacted in a train of two
catalytic reactors up to the conversion of 98 %. After the treattnthe H production increased up

to 137%, part was from the conversion of CO by WGS (34%) while most was from the steam tar
reforming.Usingtwo catalystspne cheapandmoderatelyperformant,the other more expensiveand
complex to produce, is an efftage strategy to clean up syngas from tar and increasing the hydrogen
production from biomass. This is a valuable option for the gasification occurring at low temperature
characterized high energy efficiency, simple and robust operation, but also prodetatigely large
guantity of organic volatiles.
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Abstract

Water electrolysis represents a promising technology for green hydrogen production,
necessitating the developmerwf efficient and stable electrodes. In this study, we present
the designandcharacterizatiorof aninnovativehybrid anodicelectrodethat incorporatesa
synergistic combination of magnesium ferrite (MF), hard carbon (HC), and ruthenium oxide
(RuQ).

Conmercial electrodes typically consist of single materials with limited catalytic activity and
durability. In contrast, the hybrid anodic electrode demonstrates significant improvements
in electrochemical efficiency. The MF component serves as a robust sungpstructure,
providing thermal stability and corrosion resistance, ensuring prolonged electrode lifespan
during the electrolysis process. The inclusion of HC, derived from lignin pyrolysis, offers
conductivity and a porous surface that facilitates difiusion. The addition of Ru@s a
catalyst for the Oxygen Evolution Reaction (OER) enhances overall electrochemical
efficiency promotingoxygengenerationat the anodeduringwater electrolysis.
Comprehensive analyses were conducted using electroctansicuctural, and

morphological characterization techniques such aaydiffraction (XRD),

thermogravimetric analysis (TGA), specific surface area determination using the BET
analysis, and scanning electron microscopy (SEM). These analyses provie deteghts

into the structure, chemical composition, and surface properties of the hybrid anodic
electrode.

The results of this study demonstrate the superior performance of the innovative hybrid
anodic electrode compared to commercial alternativessTtavel electrode exhibits higher
catalyticactivity,improveddurability,and overallenhancedelectrochemicakfficiency.
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Thisresearchestablishes fundamentalbasisfor further studiesaimedat the designand
optimization of advanced electrodes folater electrolysis, paving the way for the
developmentof sustainabléechnologiedor efficienthydrogenproduction.
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Introduction:
Hightemperatureelectrolysisof water is aninterestingprocesdor the productionof greenhydrogen
as it allows to reduce the electrical energy input compared to low temperature electrolysis processes
while limiting the temgrature requirements with respect to thermochemical processes. Among the
high temperature electrolysis processes, solid oxide electrolysis is the most mature technology. The
performance of solid oxide electrolysis cells (SOECSs) is affected by severd, fatioding the
characteristics of the main cell components, the operating temperature, and the flow rate , flow
configuration and composition of the gas feed. The main reactions taking place at the cathode and
anodeof the cellare,respectively,

HO+2ez H,+O (1)

oz % O, +2e (2)

The present work is an experimental and modelling study of a planar SOEC, carried out with the main
aimof investigatinghe effect of the gas flonconfigurationon the performanceof the system.

Modelling:

A2Dmodelwasdevelopedo describethe maintransportphenomendn the gaschannelsglectrodes,
andelectrolyte. Isothermatonditions wereassumedThemodelled cell is showim Figure 1.

Within the gas channels, the main phenomena that were accountedvBre mass transport by
convection and diffusion, along with the momentum balance equation. The main equations are
therefore

ntl + My -= 0 3)
(&) =0 (4)
wherel; isthe diffusiveflux of thei-th component,described throughhe StefarMaxwell equation

1
’IQ: M \'.? B Dik ﬂk@ E)[(Xk D) k)rl Q) (5)

k

where the terms -qtgpresent the binanydiffusion coefficientsgais the molar fraction of the-th
component,and) -gsthe massfraction of the i-th component.P,m and’l arethe operatingpressure,
gas density, and velocity vector, respectively. The gas density was evaluated fromeaheyad
equation of state. In the porous electrodes,masstransfer of the gaseouscomponents,ionic and
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electric chargetransfer and the electrochemicakeaction were accountedfor, yielding, for charge
conservation

TER= Qvsy (6)
where isis the current density and Qv -yepresentsthe rate of electron production following the
electrochemicateaction,expressedhroughthe Butler-Volmer equation.

Finally,jonictransportin the electrolytephasewasconsidered Theoverallchargeconservationleads
to the condition

nHNt=0 (7)
where ijis the current density in the electrolyte phase. The rate of charge transport in both the
electrolyte and electrodes is related to the electrical potential through the conductivityrdicgpto
hKyQa I go®

Experimental:

Inthis study,a sensitivityanalysishasedon flow, temperature,andsteamconversiorfactor variations

was performed with the aim of providing detailed experimental information for the validation of the

2D computationa¥ 2 RSf @ C2NJ SI OK (SaGSR O2yRAGA2YI 06S&ARS
performance in electrolysis mode (EIS and IV curves), localized gas composition and temperature
sampling at the fuel electrode surface were made accessible by means @ubapexperimental

setup developed by ENEA and reported in Figure 1. This configuration is designed to test single cells
of sizes10x10cn? (activearea9x9cnt) andconsistof severacomponentsseparatedby gasketsnade

of Thermiculite 866LS or CL87 guaed by Flexitallic. This multilayer configuration allows to obtain a
gastightnessandelectricalinsulationof the SOGingle celbt the sametime. Thefuel sidecaseisthe
innovative core of the setup: it is equipped with 11 capillary tubes distethationg the for gas and
temperature sampling. The gas composition and temperature distribution are monitored from 5
coordinates across the direction of flow and at 7 coordinates in the direction of flow, resulting in an
efficientmappingof surfacecompostion, thusallowingto detectthe variationof thermodynamicand
chemicalconditionsacrosshe fuelelectrodesurfacein a steady statandin realtime [1].

Cathode feed

Flow distributor

CCC -l

CELL

ACC -l

Flow distributor
Gaskets

Anode feed

Gas
composition
and
temperature
measurement

Figure 1- Exploded view (a) and cross section (b) drawings of the multisampling housing [1]
Bibliography:

[l] F. Santoni, D. Silva Mosqueda, D. Pumiglia, E. Viceconti, B. Conti, C. BoiguesMufioz, B. Bosio, S. Ulgiati and S. J. McPhail,
In-situ study of the gaphase composition and temperature of an intermedidéenperature solid oxide fuel cell ade

surface fed by reformate natural gas. Journal of Power Sources, 2017, Volume 370, p. 36-44. doi:
10.1016/j.jpowsour.2017.09.078
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Abstract

Introduction:

The use of hydrogen as an energy carrier represents an interesting prospect for the decarbonisation
of the energy sector, promising to stabilize RES fluctuations by storing etoeggy in periods of

lower demand and returning it, through innovative fuel cells, engines and gas turbines, when users'
energyneeds increase [B].

Objectives:

Inthis context,the purposeof the current studyisthereforeto proposean experimentalapproachto

evaluate the operational strategies that combine green hydrogen production systems, based on PEM
electrolyzers technology, to renewable generators, with the aim of optimizing the system energy
YFEYlF3SYSyideo ¢KS (Said LX-hupfFERe Rydroged aNdiCarBof usé tir8ughwz2 A v (i
Energyfromw Sy’ S ¢ | betive®riEai S.p.AandUniversita dBologna.

Material and methods:

The final layout of the test plant is given in Fig. 1 and consists of a power supply line and a hydrogen
production and storage section as well as the measurementand data acquisition chain. More
specifically, the main components of the electrical conversion system are two photovoltaic modules
in monocrystallinesilicon220W each,a 2.5kW solarsimulatorandathree-phasepowerinverterable

to guarantee a total power input to the hydrogen generator of about 3 kW. Subsequently, the
hydrogen production and storage chain consists of a commercial PEM electrolyzer (2.5 kW maximum
electrical absorption), capable of producing 30h of hydrogen at a maximum working pressure of

15 bar with a purity of 99.999%, and a kpnessure hydrogen storage system in metal hydrides (MH)
canisterdor atotal storagecapacityof about600 Slat 10 bar. Thedataacquisitionandcontrol system

of the test benchis basedon the useof Nationallnstruments™ instrumentationandhasbeenrealized

in LabVIEW environment. At the same time, it was decided to realize a calculation model of the
entire systemin Matlab/SimulinkM environmentto be runin aReaiTimeSimulinkargetmachineand

feed with the main phisical parameters acquired during the plant operation, in order to validate the
proposedoperational strategy.
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Results:

The first perimental investigations allowed to characterize the behaviour of the PEM generator in
responsdo the variationof the mainelectricalinput parametersandat the sametime to know more

in detail its Balance of Plant (BoP) which interacts with the RESk.sSThe next phases of the project

will include a focus on the electrical supply chain, both by the analytical and experimental side, to
optimize itscouplingwith the electrolyzer.
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Figure 2:Preliminary resultsa) produced hydrogen flow rateNJ/h] andb) stack efficiency as a function of its
electricalpower consumption.
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Conclusions:

This paper aims to present a test bench for the experimental characterization of Rovéas (P2G)
systemsfor green hydrogen production and storage. This approach will allow to evaluate the
operational strategies that combine hydrogen generators to renewable sources, with the aim of
optimizingthe systemenergy management.
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Introduction:

Solid Oxide Fuel Cells (SOFC) are a highly efficient electrochemical conversion devices which, thanks
to the high operating temperature (between 68%0°C, according to the cell design) allow fuel
flexibility. In fact, such devices can process carbonaceous fuels and/or mixtures through internal
reforming (to a certain degree) producing hydrogen that subsequently participates the
electrochemical reaction. Therefore, SOFC systems are a promisimmg dpti highly efficient co
generation in future gas distribution networks, where increasing interest is being put into mixing
hydrogen in the existing natural gas pipelines or even reconverting part of the pipeline infrastructure

to pure hydrogentranspotation anddistribution. In this work, anintegratedexperimental/modelling

analysis is carried out for two different types of SOFC short stacks: electsalyported (121 crf)
andanodesupported (12%&n¥).

Objectivesand Methods:

Thestacksare fed with laboratorygasmixturesto simulatedifferent scenariof gradualtransitionof

the gas network from natural gas, to blends, and finally to pure hydrogen. For each stack design the
different inlet composition scenarios are tested under different oprgtconditions to obtain a
performanceandcompositionaimapvaryingcurrent, utilizationfactor andtemperature.In particular,

the focus of the present work is put in the analysis of the inlet vs. outlet composition of the fuel gas,
basedon experimentaldataobtainedby GasChromatographyGCmeasurementst the fuel gasinlet

and outlet in eachcondition. A multi-step improvedequilibriumbasedmodel of the gasconversion
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processessthen developed,comprisingooth the chemicalreformingand shift reactionsat chemical
equilibrium at operating temperature) and electrochemical (elegixidation of hydrogen driven by
the current) gasonversiorroutes.

Resultsand Conclusions:

The model results in terms of gas composition are compared and valitbgtegperimental GC data
obtained.Theprincipal results are resumed the form of bullet points:

1 Inthe hydrogen scenario, the experimental results from the GC analysis are quite identical to
the simulated ones, confirming that the system correctly folothe stoichiometry of the
electro-oxidationreactionat the outlet asa functionof the imposedcurrent.

1 The blended and natural gas scenarios present a more complex gas mixture due to the
presenceof CO, CO2,and CH4 which expandsthe possible gas conversion pathways
consideringhot onlythe electro-oxidationof H2but alsothe chemicakeactionssuchasSteam
Methane Reforming (SMR) and Water Gas Shift (WGS) occurring within the SOFC.thRer both
short stack studied the CO conversion is not comphetdle the CH4 conversion resublise
completefor the Anodesupportedshortstack but noffor the electrolytesupported.
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Abstract

Water Electrolysis (WE), here specifically the Polymer Electrolyte Water Electrolysis (PEM
WE) isawell-establishedorocesdor the productionof hydrogen However to reducecapital

costs and increase the electrochemical efficiency, the efficient utilization of the expensive
noble metal catalysts must be maximized. Especially at high current densities, the generated
gasesnayoccupyactivecatalystsitesdueto incompletedesorptionandinhibit the accesof
water to the activesitesrequiredfor the electrochemicaprocessTheporoustransportlayer

(PTL) plays an important role in the mass transport efficiency of the process by providing
pathwaysfor water to reachthe catalystsitesandfor the removalof the producedhydrogen

and oxygen. Therefore, tools to investigate the two-phase flow in PTLsare crucial to
specificallymprovethe microstructureswith regardto their masstransportpropertiesunder
electrolysisrelevantflow condtions.

In this study, the Lattice Boltzmann Method (LBM) in conjunction with the Multicomponent
ShanChen(MCSCpseudopotentiamodel isemployedto modelthe two-phaseflow in PTLs

and the wetting behaviour of the fluids in contact with the solid matiThe simulations are
performed using the opesource software Palab&sThe inherent numerical parameters for

the LBM and the MCSC are calibrated by comparing corresponding single bubble simulations
with the Volumeof-Fluid (VOF) method. The LBM is liynased for simulation of twhase

flow within PTLswhere thedomainisinitially filled with water andthen infiltrated with Oo.

Two different types of industrial PTLs are analyzed: a woven and a sintered fibre structure
(Figure 1). For each sample, the influence of the wetting properties (hydrophilic and
hydrophobic) on the gas distribution in the porous domain is investigated. PTLs with a
hydrophilic surfacgroperty, regardlesf beingstructuredor unstructured,exhibita lower
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total O, saturation asshownin Figure2. Froma purelyfluidic perspectivethe wovenPTLwith

hydrophilicwetting propertiesindicatesadvantagesiueto lower breakthroughpressureand
lower hold-up for the gas phase.

Theperformanceof the samePTltypesisto be measuedin anelectrolysisellat highcurrent
operatingconditions.Consequentlythe correspondingnasstransportlossesareisolatedvia
electrochemical impedance spectroscopy (EIS) measurementsand compared to the
numericalresultsfrom the two-phasetransport simulationsof the PTLs.

Figurel: Gag(red)invasioninto hydrophilicPTLscomparisorof anunstructuredsinteredfibre morphology(left) to a
structuredwovenmorphology (right).
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Figure 2: Saturation of oxygen as a function of time for thdrdgghobic and hydrophilic PTLs: an unstructured sintered

fibre morphology (left) and structuredwovenmorphology (right).
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Abstract

Introduction: The circularity of plastics is being boosted generally through the promotion of new
lifestyles and behaviors (such as "how to use and reuse @astiew ecedesign standards (such as
"design for recycling" and "design from recycling"), as well as creative recovery techniques that can
improve the quantity and quality of recovered resources and limit landfilling. Nevertheless, only a
fraction of these plastics can be processed in conventional recycling plants due to-ffresence of
variousandgenerallynon-compatiblepolymers containingdifferent kindsof additives pigments,and

fillers. In addition, the recoveredresourcesare often of lower quality, which complicates their
reintroductioninto the market. Theaboveexplainswhy chemicakecyclingnethods,whichenablethe

LINE RdzOG A2y 2F FdzSt ax OKSYAOlIfasx FyR KE@RNRISY TN
NBE O& Of Ay 3¢ andedb FaStinEheniical rety&id techniques for the decomposition of solid
polymeric materials into a variety of fundamental chemical constituents. When the waste has low
homogeneity and is contaminated by non-polymeric components, these techniques are seen
advantageouslyrom aneconomic angknvironmentalstandpoint.

Fluidized bed gasification looks to be one of the most promising feedstock recycling techniques. The
gasification process converts solid waste and biomass into a fuel gas (syngas), threugis afs
heterogeneous and homogeneous reactions taking place in a reducing atmosphere. The obtained
syngas contains large amounts of CO apdwith smaller amounts of GHIt can be used in a wide
range of final applications, aiming at the generatiorenérgy (with fuel cells), fuels (hydrogen), and
drop-in chemicals.

Objectives:In thiswork, polypropylene(PP)vasselectedasthe objectof study, it is one of the most
widelyusedthermoplasticmaterialsin the world (the globalmarketvolumeof PPisaround75 million

tons and this figure continues to grow exponentially) [1]. PP represents an important portion within

plastic waste along with PE, PS, PVC and PET and also one of the basic constituents of mixed plastic
waste (i.e., the waste left downstaen of separate collection, which cannot be conveniently recycled

FNRBY Iy SY@ANRBYYSyYyildlf YR SO2y2YAO LRAYyG 2F @AS¢
dza SF¥dzf G22t G2 Ay@SadA3alrasS GKS KERNRBREYFYAOA Ay
progressnthe last decades in the accuracyitsfpredictons.
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Material and methods: In this work athree-dimensionatomputationalfluid dynamicg CFDjnodel

gl a RSOSE2LISR T2N) 0KS aAvYdzZ | GA2y 2ZcaldifbEngINE LI f ¢
fluidizedbed gasifierusinghybrid ELapproachjntegraing the Eulerianapproachfor gasflow andthe

MP-PIC approach for the solid phase. One implementation of thePMPapproach is the commercial

code Barracuda by CPFD Software, LLC [2]. In the model, the fluid dynamics are combined with the
devolatilizaton kinetics, heterogeneousand homogeneousreaction rates are describedby the
Arrhenius expression. The homogeneous and heterogeneous reactions are solved using volume
averagechemistryon the Euleriangrid.

Afirst laboratory-scalefluidizedbedreactorwasusedto implementthe devolatilizationstep Thetests

were carried out using nitrogen as the fluidizing medium; both the bed and nitrogen flow rate were
selected to minimize secondary gplsase reactions and achieve high reliability of the released
products. These conditions are also coupled with reasoning on riglated effects for accurate
estimation of devolatilization times. From the tests on the reactor at different operating
temperatures, the kinetic expressioncapable of describingthe therma decompositionat the
operating temperature was derived and also, the quantitative and qualitative distribution of the
products released during the devolatilization (volatiles, char, ash, and aromatic hydrocarbons) was
obtained.

A second laboratorgcalefacility was used to perform steam gasification tests of the same pellets,
also in this case, qualitative and quantitative analysis of the volatiles, char and aromatic hydrocarbon
was performed.

Results:Using the kinetic law expressing pellet consumptidgthin the fluidized bed coupled with

the distribution of products obtained from the devolatilizationtests provides a comprehensive
overview of the devolatilization that can be implemented in the CFD simulation of gasification. The
resultsof the gasifi@tion testswerethen used tovalidate themodel.

To accurately represent the behavior of the laboratspale polypropylene gasification process,
kinetic laws for homogeneous and heterogeneous reactions were selected from the literature and
properlyadapied.

ConclusionsThedevelopednodelcanbeimplementedin the studyandsimulationof more complex

cases suchsindustrialones by providingn indicationof their possible behavior.

Such a model thus provides important support in the area of modelinthsézing of fluidized bed
gasification reactors on an industrial scale, behavior usually analyzed by cold models obtained by
downsizinghat do not implement heatiransfer phenomenand chemicakinetics.
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Abstract
Introduction: The purposeof the studyis to characterizea 5 kW SOEstack,to analyseits
performancewhenoperatedin different workingconditions,mainlyfull load, partialloadand
hot standby mode. The stack characterization is required to implement similar SOE stacks in
relevant environment, as planned in the PRONIEproject, where 25 kW pilot systems will
be designed and tested. The systems will be powered by PV electricity and heat from a
concentratedsolarpower plantandwill producehydrogento be injectedinto the naturalgas
grid orfor ammoniageneration.
Objectives: Theobjectivesof thiswork are:

1. To characterize the 5 kW SOE stack when producing hydrogen at full load and at partial
operation,under different operating conditions.

2. Toidentify the optimal conditionsto operatethe stackin hot-standbymode, keepingthe
stackwarmwithout producinghydrogenwhile preservinghe stack'shealth. Hot-standby
operation mode is required for example during the night, when renewable electricity
from the sun isnot availablefor green hydrogermproduction.

Material and methods: The stack characterization is performed through an experimental

campaignwhichhasbeencarriedout at FBKacilitiesusinga dedicatedtest bench.Thestack

is tested at different voltages (ranging from the OCV value, ~63V, and 100 V), aperatin

temperature(i.e.,varyingthe temperaturesetpointof the reactantsheatersand of the stack

heater between 680°C and 760°C), steam flowrate entering the stack (ranging from 360 g/h

and 1900 g/h),andhydrogen concentratiomm the steamenteringthe stack.

Results:The experimental campaign has allowed to identify the stack current (proportional

to hydrogen production) in many different conditions. Additionally, the stack has been
characterizedn termsof AreaSpecifilResistanc€ASR)1] [2] and concentration overvoltage

at highcurrentdensity[3]. Forexample Figurel showsthat, fixedthe operatingtemperature

and steam flowrate, to increase the hydrogen production a drop in the theoretical stack
efficiency (i.e., the ratio between thermoneutral lt@ge and stack voltage, Vth/V [4]) is
required, moving from the endothermic to the exothermic region). Performancesare
positively affected by an increase in temperature or steam flowrate. Performance obtained
at thermoneutral voltage (Figure 2) are of mamportance for the definition of the control

of the produced hydrogen flowrate. According to the experimental results, two different

control strategies are identified, both keeping the stack at constant voltage and differing for

the wayin whichthe hydrogengenerationis controlled:i) varyingthe steamflowrate supplied

to the stack while working at maximum steam utilization and constant temperatuvariijng

the stack temperature while the steam flowrate is controlled to have a low steidimation.
Thehot-standbytestshaveallowedto analysethe decayof the stackperformanceovertime
in three different operatingconditions:
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a) Hydrogenrenrichedforming gas(20%H2and 80% N2)flowingin the negative
electrode.Air flowsin the positiveelectrode Nopowerisappliedto the stack.

b) Hydrogenrenrichedsteam (20%H2 and 80% steam)flowing in the negative
electrode.Air flowsin the positiveelectrode.No powerisappliedto the stack.

c) Noflow inthe negativeelectrode.Air flowing in positiveelectrode side.Application
of constantvoltage(1V per g_(::ll)to the stack.
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Figure1l - Theoretical stack efficiency vs hydrogen Figure 2¢ Current values measured for different steam
production. flow ratesand set pointtemperatures.

For each standby max the performance of the stack after 200 hours has been compared to
the initial value(healthcheck) While standbymodea) andb) showednegligibleperformance
variation, standby mode c) shows a relevant performance drop, possibly causeby the
oxidationof the electrodefor areverseflow of airin the negativeelectrode.

Conclusionsin conclusion, this work includes an innovative analysis of a 5 kW SOE stack,
which is tested not only at nominal full load operation, but also at partial load and in hot
standby mode. The identification of the stack performance in different operating conditions
has allowed to define a control for the hydrogen production as well as to identify the best
conditionsto keepthe systemhot whenhydrogenis notproduced.
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Abstract: Currently Hy isproducedindustriallythroughan environmentallyimpactingprocess
suchasthe steamreformingof naturalgas.Usingbiogasinsteadof the former couldconstitute
an ecofriendly option that, combinedto the utilization of intensified solutionssudc as the
membrane reactors, may allow the production of cardoge Hin a unique stag@rocess.
Thisworkshowsthe potential of the membranereactors undersinglestageor asanintegrated
multi-stages system, to generate carbfee H, meeting the tagets set by theEuropean
CleanH; Partnershipunderthe StrategidResearcl& InnovationAgenda2021-2027.

Introduction: Biogas steam reforming (BSR) reaction pamed growing attention as a
candidate to substitute natural gas in the generation efMithout releasing additional GGh

the environment [1]. Meanwhile, in order to meet the pressing needs of the energy
infrastructuredecarbonisationthe generationof carbonfree H, in membranereactors(MRS)

has attracted particular relevance as an intéiesi solution with respect to the conventional
reformers, making the fyeneration and its separation possible in the same process unit at
milder conditiong2].

Objectives:In this work, an integrated twgtages system constituted of a ddsed MR in
serneswith aPdbasedmembranepurifier is studiedand comparedto asinglestagePdbased
membrane reactor with the purpose of meeting the target values (20@24) set by the
European Clean HPartnership regarding the generation and recovery of decarleohiz

from the steam reforming of aynthetic biogas stream.

Material and methods:The twastages experimental system deals with a-seipported Péd
AgMR (Stagel) to carryout the BSReactionto generateH,, partially recoveredasa high
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gradeH; streamin the permeatedside,while the H fraction still presentin the unpermeated
streamisfurther separatedn a supportedPd/AbOs membranepurifier (Stage?).

Results:The single stage MR allowed as€bhversion of around 100% (Figure 1) and.a H
recovery of 40% at feed ratio 2/1, 400 °C and 02of space velocity, while the integrated
system allowed a globalztecovery of 80% @lstage + 2 stage) with a mean purity of
99.99%yreachedat 350kPa.Theseperformanceallowedto meetthe targets2020-20240f H,
recovery andpurity setby theCleanHydrogenJointPartnership.
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ConclusionsThe integrated membranbased system allowed to recover globallyug to

80% with a mean purity of 99.99%over the total amount produced during the steam
reforming of biogas. Furthermore, this study pointed out the possibility of depleting a
significant amount of Ced to Stage 1 (Figure 1), as part of the model biogas stream, up to
achievinganet CQ reduction equato 92%at 400 °Cand350kPa.
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Abstract

Thedirect productionof highlypressurisediydrogenfrom electrolyticwater splittingcansave
relevant amounts of energy compared to down-stream gas compresion. The aim of
ADVANCEPEIMIto developanovelpolymerelectrolytemembrane(PEM)electrolyserwhich
canproducehydrogenat veryhighpressureg200bar)thusreducingthe energyconsumption
required for postcompression. Very pure and high pressurecéblytic hydrogen can be
directly used in various industrial processes such as ammonia synthesis requiring up to 200
300bar, hydrogenationof oilsandother hydrogenationprocessesn refineriesrequiringfeed
pressuresip to 200-250bar, methanolsynthesisrequiring70 bar etc. andfor directinjection

into the high-pressuregas gridD 80 bar).

Another key goal is development of a costeffective technology enabling large-scale
application of PEM electrolysers. A significant reduction of capital costs will be achieved by
minimisingcriticalraw materials,developingow-costcoatedbipolar plates,operationof the
electrolyser at a high production rate while maintaining high efficiency (about 80% vs. HHV)
and safe operation. ADVANCEPEMiIms to develop a set of breakthrough solutions at
materials, stack and system levels to increase hgdnopressure to 200 bar and current
density to 5 A cm for the base load, while keeping the nominal energy consumption <50
kWh/kgH.. ReinforcedAquivion®olymermembranesvith enhancedconductivity highglass
transition temperature and increased crystdlinity, able to withstand high differential
pressures,will be developed for this application[1]. This innovative membrane will be
operatedat hightemperature90-140 °Cunder high pressureto providefor increasedenergy
efficiency. To mitigate hydroggrermeation to the anode and related safety issues, efficient
recombinationcatalystswill be integratedinto both membraneandanodestructure[24]. The

new technologywill be validated by demonstratinga high-pressureelectrolyserof 50 kW
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nominal capady with a production rate of about 24 kgday in an industrial environment.
Theprojectwill alsodeliveratechno-economicanalysigo assesseductionof the electrolyser
CAPEX and OPEX. The consortium comprises an electrolyser manufacturer, membrane a
catalyst supplier, a membrane electrode assembly (MEA) developer and ansendor
demonstratingthe system.
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Abstract

Introduction: Proton Exchange Membrane Fuel Cells (PEMFC) is considered-faieretip

and sustainable solution for power generation towards substituting fossil fuels and reducing
pollutant emissionsn the automotive sector.Fuelcellsoperate at temperaturesbelow 100

°C and produce electricity as a result of the redox reaction between hydrogen and oxygen.
Nanofluidshavebeenrecentlyemployedin PEMF@oolingsystemsthanksto their enhanced
thermophysicaproperties:addednanoparticlestypicallywith a sizeonthe orderof 1to 100

nm, dispersedin the base fluid, significantly increase thermal conduction [1]. These
nanoparticles can be made from a variety of materials, including metals, nitrides (e.g., TiN),
oxides (e.g., SOTIQ, AkOs, SiQ) and carborbased materials. The recent widespread use

of nanofluids in PEMFC is promoted by the need for reducing the overall size of the system,
whichiskeyin mobileapplicationsThisworkisfocusedon the useof Tibased(e.g.,TiN,TiQ)

and Sibased (e.g., S¥Pnanoparticles dispersed in a water/ethylene glycol (W/EG) mixitire
different concentrationswith the aimto improve coolingefficiency.Theincreasedhermal
conductivity may allow to remove heat from the PEMFC stack moeetefély, which can
leadto animprovedfuel efficiency reducedemissionsand more costeffectivemanufacturing
processes. As an unprecedented contribution, nanoparticle concentration is optimized to
maximize thermal conductivity, together with minimizirgduction of specific heat capacity
due to the low specific heat capacity of nanoparticles. Notably, the particle small size implies
adecreasédn their specificheat capacityasa result of quantumconfinementeffects,whichis
aremarkabledrawback.

Obectives: Themainscopeisto assesshe optimalamountof nanoparticleso enhanceheat
transfer,alsocontainingthe associatedcosts.Tominimizecloggingjt isinstrumentalto select
type and concentration of nanoparticles added to the base coolamt & appropriately
designthe coolingchannelgo attainthe desiredflowrate underthe imposedpumpingpower.
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Moreover, stability of the prepared suspensionsis addressedto maintain optimal
performance.

Material and methods:

1. Powder characterizationin terms of nanostructure, particle size distribution and
dispersion in the base fluid employing Scanning Electron Microscopy (SEM) and laser
scatteringgranulometer;

2. Evaluation of chemical stability through Zetapotential measurements:it includes
variationof sonicationtime by ultrasonicandmechanicastirrer to reduceagglomeration,
modificationof particle concentration,inclusionof surfactantsto reduceattractiveforces
andinsertionof citricacid tofix pH of the involvedsuspension;

3. Measurement of dynamic viscosity and thermal conductivity towards an optimal
composition in comparison with the base fluid, which includes cost evaluation, toxicity
andenvironmentalimpactassociatedvith the use ofnanoparticles;

4. Heattransferassessmenof coolantsthroughadedicated experiment.

ResultsTheuseof different nanoparticles; either individuallyor combinedg enhancedeat-
removal capabilities, as heat transfer coefficient increases with respect to the base fluid. The
experimentadatasetsupportsthe augmentedheattransferby nanofluids accompaniedvith
higherpressurdossesEnhancedeattransferallowsinsertinga smallercoolingsystem thus
resulting in a reduction in the required space. However, the te@hanger design, the
desired flowraé of the coolant and ambient temperature are also very impactful on the
overallheatdissipationIncreasinglowrate yieldsgreaterheattransferrate, but alsoimplies

larger energy consumption by the circulating pump. The present work emphasizesthe
importanceto balanceheattransferrate with energyconsumptiontowardshigherefficiency,

also relatinghat to nanofluidcomposition.

ConclusionsNanofluids have been extensively studied as potential coolants, thanks to their
higherthermal conductivity, whichleadsto enhancecheattransferandcoolingperformance.
However, their use is still limited in industry, due to major challenges in scaling up their
production and concerns about their stability and longterm performance. As a
comprehensive appro#cto their designthe higherpressure losseand the impact of the
imposedflowrate on overallefficiencyof the coolingsystemare consideredand quantified.
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Abstract

Molten carbonate reversible cells are a valuable tool for carbon capture while also producing energy
and hydrogen/syngas. However, their performance is still to be thoroughly investigatethay are

not yet ready for direct commercialization. In this work the authors explored molten carbonate
reversible cells to prove their possible commercial use studying their performance both in term of
operating parameters effects (temperature, gas @msition) and longerm operations. The results
showedthat their applicationis possible andanhelpin reducingCQ emissions.

Introduction:

Molten carbonate cells are chemical devicesthat can be used for energy or hydrogen/syngas
production to decreae the fossil fuel and thus help in the mitigation of climate changes. Recently,
their use in direct (fuel cell [1]), reverse (electrolysiscell [2]), and reversible mode has been
investigated for carbon capture as they can movef@n a low concentratedhigh current streamo

a high concentrated low current stream facilitating further capture steps. As both electrolysis via
molten carbonatecellsandreversibleoperatingmodehavenot beenextensivelystudied,in this work

the authorswill investigatethe performanceof suchcellto understandthe limits and benefitsof their
possibleuse.

Objectives:

Obijective of this study is to evaluate the performance of reversible molten carbonate cells. The focus
will be put on (1) evaluating the effects of temptnge and gas concentrations, especially for what
concernelectrolysianodethat still needinvestigation, (2pbn longterm performance.

Material and methods:

For the experimental campaign different 10x10%@imgle cells were tested. For the fuel electeoal
Ni-Al alloywasused,for the air electrodelithiated NiO,: t [ Afdr thdamatrix,andaeutecticmixture
of LIC@NaCQ in the ratio 52/48 for the electrolytethat differsfrom the currentlymoreinvestigated
Li/Kelectrolytecells.
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Results:
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Figurel: Longterm performanceof a molten carbonatecell operatingin reversiblemode at different times.

Figure 1 presents the results of a letggm test at 923 K. The cell was operated alternating between
fuel cellandelectrolysisnode. Theperformancein term of I-V curveswere collectedat fixedintervals

going fom -150 mA cif to 150 mA crif. Together EIS curves were measured to study the cell
degradation and MNcrossover was evaluated using gas chromatography. The cell showed good and
stable performance for the first 1000 hours. After, due to electrolyte démetand subsequent
increaseof cell resistancéehe cell suddenly died.

Analysis of the influence of operating temperature and gas concentrations also showed that the cell
are cableto copewith different operatingconditions.

Conclusions:

Theresultsof the experimentalcampaigrindicatethat molten carbonatecellworkingin reversemode
canbe positivelyappliedto reducethe useof fossilfuelswhile alsohelpingin the reductionof carbon
emissions.
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Abstract: This work aims at presenting an algorithm for the development of Accelerated
Stress Test protocols (AST) for Solid Oxide Cells (SOC). Twelve protocols were elaborated in
the frames of the FCH JU2 project AD ASTRA. An example is gnereidetails for AST
protocol for ex-situ agingof the fuel electrodeby chemicalredoxcycling.

Introduction: Solid Oxide Cells have an important role in the energy sector, ensuring
opportunities for integration of renewable energy sources into the ovezakrgy system.
However, the applications still meet durability and costs barriers. Considering the expected
useful commercial maintenancefree lifetime of up to 80 000 hours for stationary
applications, a challenging objective is to maintain the inidaklose to initial performance

for as long as possible. The work on life time improvement needs long term electrochemical
testsfor accumulatiorof reliabledatathat maycontinueseveralyears,whichisunaffordable

for the fastcommercializationA problem-solvingapproachisthe introduction of Accelerated

Stress Tests, applying high levels of stress for a shorter period. The experimental conditions
should activate the same degradation mechanismsas in non-acceleratedtesting, thus
preventingthe systen fromirreversible changewhich may brindo falseresults
Objectives:Themaingoalof this presentationisto demonstratean approachfor elaboration

of AST protocols whichave beerdeveloped irthe FCHIUProjectADASTRA.

Approach:A testing and caracterization combination of: (i) new samples designed for AD
ASTRAand (ii) old samplesfrom previous field tests (perormed by SOLIDPOWE&nd
SUNFIRE) was used. A special data bank was introduced as a friendly tool for storing in an
organizedway inputsfrom field tests, previousprojects,aswell asthe datageneratedwithin

the projectexperimentalcampaignst ¥ 2 N tc @I RASSE &

Results:From the performed experiments 12 AST protocols were elaborated. Two main
approachesn respectto the introduction of the stressor were applied:

EFC2&uropearfFuelCellandHydrogen2023¢ Capri/ Italyg Septemberl3th-15th


mailto:d.vladikova@iees.bas.bg

e

: \ European Fuel Cells
EFC23)} and Hydrogen

y

,ﬁs/ PIERO LUNGHI CONFERENCE ‘ ‘
1 In-situaggravatedestswhichgenerateharshoperationalconditions(6 Protocols);
1 Exsitu artificial ageing which reproducesfaster the degraded condition of critical
componentor interfacein respectto calendar agingn nominalconditions.
The protocols follow one and the same structure, giving information about: selected AST
approach; samples used; experimental-set nominal operation parameters; stressor and
stressfactor; acceleratiorfactor (AF):

September 13th-15th 2023
Capri / Italy

AF = G ¢ ®QiodQi o

G Y& Q¢ REENQOG AR QN HQDO QE &

In the end of the protocol there is an example showing its application and the results
obtained.

In this presentation an example of AST protocol ugirgitu aging of the fuel electrode by
chemical redosxcycle aging in a cell configuration before operation is discussed in more
details.Theoxidationconditionsare selectedto ensuremild partial oxidationwhichdoesnot
causerreversiblechangesThedeepnes®f oxidationin asinglecycleis adjustedbythe value

of the resistancan the oxidizedstate, monitoredby impedancefor whichaspeciaprocedure

is developed. As seen in the table below, 20 redox cycles coause degradation similar to that
producedafter 4000hourstesting. Takingnto consideratiorthat 20 redoxcyclesof acellcan

be performed for about50 hoursthe ARs estimatedo be about80.

20redox 4000h 6000h
i, Alcn? Yo Yooi 09, (%] Yar Yao00a 400 %] Yai  Yao0oa 400 (%]
\{Qé YQ‘E \‘Qé
0,28 2,5 2,07 3,70
0,50 4,5 4,35 7,13

ConclusionsThe project AD ASTRA developed a convenient and clear algorithm for AST
Protocols for SOC which can be used for further introductioM®Ts and protocals'he
application of a standard form facilitates both the development of new protocols as well as
their application.
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Abstract

Two new test benches have been develop¢driaxell. One is the mulklanges allowing to
test4 cellsin onerun. Allthe functionalitiesof the Openflanges suchasintegratedsteamer,
realor idealconditiontesting,ceramichousingon air side,gasprocessingre keptapartshort
stacking.

A-MF:MUlti-C £ + y 3 S & uto test 4tceisink sa@erun

The second test rig is the LCT for Large Cell Tester. It has been designed for cell dimension
starting from 90 X 90 mm and ending with the size of 130 mm X 170 mm. Again all the Open
Flangedunctionalitiesare kept. TheLCTis no deliveredfor short stackof maximuma3 cells.In

the secondpart of 2022 ,heatexchangemadewith proper materialwill be readyfor market.

It will allowto testupto 30cells.
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Abstract
Introduction: In order to meet the 2050 net zero emission goals, fossitdaseéd energy and
chemical production paths need to be replaced by renewable energy resources.Biomass
gasificatiorhasbeenidentified asa promisingroute for productionof renewablefuels.However,
raw gas produced from biomass gasification requires further processing both to remove various
pollutants and to elevate the hydrogen concentration in the gas mixture to improve the energy
density. Reversible molten carbonate fuel cell (RMC&merges as a candidate technology not
only for direct power and fuel production applications, but also for integrated applications in
renewable energy production and e€@paration systems [1]. RMCFC is a durable technology [2]
with a wide tolerance rage to fuel variability and is a potential technology to function as a part
of variousbiomasggasificatiorscenarioslueto its toleranceto varyingoperatingconditionsalso
in electrolysis mode (MCEC) [3]. This work presents an experimental study ¢oeettid use of
RMCFCs in combination with the raw gas from biomass gasification to evaluate the potential to
integratethe cellinto a biomasggasificationprocess Successfubperationof the electrochemical
unit on this gas can enhance the gasificatienhinology by providing a sustainable and efficient
methodfor cleaning andipgradingof the raw syngasstream.

ObjectivesThepurposeof the studyisto investigatethe electrochemicaperformanceof the lab-

a0FtS wa/ C/ 6AGK a&aA tatzZepraséhiRpéodubllgas cobhpoditions frdfn(i dzNB &
differenttypesof biomassgasification Elucidatiorof the electrochemicaperformanceof RMCFC

with raw syngascan allow for the design and finguning of the technology forintegrated
applications.

Material and methods: Thefeasibilityandoperatinglimits of RMCF@reexploredviapolarisation
curves and electrochemical impedance spectroscopy (EIS) measurementsalleddutton cell
with 3 cn? geometric surface area was used to carry out the analysis amitiventional fuel cell
components for the fuel electrode, oxygen electrode and matrix, i.e., Ni, NiQ dndlQ,
respectively. The eutectic mixture 62/38 % (LG was used as electrolyte. The button cell
allowsfor isolatedmeasurementgor the individualelectrodes aswell as,the overallcell.

Results: Steadystate polarisation curves and EIS welagtaoned at varied humidity at the Ni
electrode inlet and varied cell temperatures measurements while the inlet gas on the NiO side
wasunaltered.Thedry compositionof the modelgasrepresentsatypicalcompositionof raw gas

from air gasificationand it constituted 10, 16, 14, and 4 mol% for H,, CO,CQ, and CH
respectively balancedin Ar. Water content was varied between 20, 30, and 40 mol%.TheiR-
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corrected polarisation curves (Figure 1) exhibit continuous behaviour which indicates that it is
feaside to operate the cell reversibly with the model raw gas from air gasification. The
overpotentialin the electrolysiamodedecreasesvith increasechumidity in the Nielectrodeinlet

gas, as thencreasedcontent ofwater enhancedhe electrolytic processe
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Figurel: Comparisorof iR-correctedpolarisationcurves forthe RMCF@t 650°C

Conclusions: Electrochemical measurements elucidated that the RMCFCexhibits good
performance in both fuel cell and electrolysis modes with the simulated raw gas fiamabs
gasification. This indicates the feasibility of using RMCFQn both operational modes in an
integrative manner in biomass gasification applications. Further studies are necessary to gain an
understandingof tolerancelimits to aromatics suchstoluene.
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Introduction:

Solid Oxide Fuel Cells (SOFCs) are proving to be a promising opti@hfpreficient cegeneration

in future gas distribution networks, allowing to contribute to the decarbonization of the residential
andindustrialsectors Whenit comesto residentialemploymentnormallypowerbelow5kWe-> / | t

- the FC is the only engy conversion system that maintains a high efficiency even at these scales,
GKdza >/1t dzyAda Oly o0S RA&AGUNAROGAZISR Fd GKS SyR
electricity and heat from chemical energy vectors, avoiding transport and distibldsses of these
secondaryectors.TheSOFREProjectfits in this scenariowith the overallobjectiveto development

of a SOFR®Based system for fudlexible CHP generation with the realization of a standardized stack
systeminterfaceableto allowfull interchangeabilityof stacktypes..

Objectivesand Material&Methods:
ENEA R.C. carries out experimental activities, at the siack level, related to the electrochemical
characterization and performance mapping of the two stack models suppligatdygct partners
(Elcogen E350 and Fraunhofer IKTS MK35x). To ensure and demonstrate the interoperability of the
SOFGtackspoth of them haveto betestedonthe sametest bench,speciallybuilt up for the project.

In Figurel the shortstackintegration in ENEAest benchis shown.Thescopeof this work isthe short

stack test bench preliminary validation, to check that the electrochemical performances are aligned
with the values obtained from the stack manufacturer during the Factory Acceptance Thsts.
campaign is performed in reference conditions varying the fuel utilization factor-{&34%80%) in
orderto evaluatethe performanceof the stacks tdbeintegrated intothe system.

a)

Figurel IntegratedE350shortstack(a); andviK351short stack(b).

b)
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Results :
In Figure 2 the comparison between the performance, using reference conditions, obtained by ENEA
andthe two manufacturersare shown.

a)

Figure 2 Reference test: IV curves EEEEOGEN comparison (a), Cells voltages-EKNEA
comparison(b).

The concept of the test for ELC is significantly different from that of IKTS: the validation of the setup
ELC side consists of evaluating the electrical performances of the entire stack through IV curves, by
definition obtainedin non-steady state conditions. Thevoltage and the power obtainedat the
maximum current (35 A) are 13.61 V and 475 W for ENEA and 13.4 V and 469.4 W for ELC, which are
by allmeanscomparable.

FromIKTSideinsteadthe interestisshiftedtowardsthe electricalperformanceof ead cell,assessed

in a stable working condition. The medium voltages measured in ENEA are respectively 0.827 V,
0.803V, and 0.786 V for the 6®-80% of UF, while the measured medium voltages for the same
conditionsin IKTQreslightlyhigher,0.837V,0.814V,0.805V. Thevaluesobtainedin the two facilities

arein anycaseverysimilar,with amaximumrelativeerror of 2.4%at UF80%.

Conclusions:

The stack performances achieved in ENEA in these preliminary tests are entirely comparable with
those of he two manufacturers. Firstly, these results confirm the ststeick test bench validation,
proven by the accurate juxtaposition of data from ENEA and manufacturers; on the other hand, they
demonstrate thefull interoperabilityof stacktypes.
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Abstract

Ongoing efforts in harmonising electrolysis techniques for producing green hydrogen from
diverse renewable eneygsources (such as wind, solar, and hydropower) actively support
researchandinnovationunder HorizonEurope.Theseactivitiesform part of the annualwork
programme of the Clean Hydrogen Joint Undertaking. They focus on developing harmonised
terminology,testingprotocols,andevaluationmethodsto assesshe performance(hydrogen
production rate, energy efficiency) and durability (lifetime, degradation)of electrolyser
technologies at cell and stack levels. This harmonisation is facilitated througharatian

with partners from EHunded projects. The targeted electrolysis technologies include low
temperature water electrolysis in alkaline water electrolyser, araohange membrane
water electrolyser, proton-exchange membrane water electrolyser, as well as high
temperaturesteamelectrolysidn solidoxideelectrolyserand proton conductingelectrolyser.

JRC coordinates these efforts, leading to consensus on common definitions, terms, and
guidelinedor reliablyevaluatingresearchanddevelopmentprogresson electrolysiscellsand
electrolyser stacks. The outcomes of these evaluations enable meaningfuhcmuadate
comparisons of test results, facilitating the setting and revision of research and innovation
priorities, development milestones, and tawlogical benchmarks. Consequently, informed
decisionsregarding the selection of electrolysis technology most suitable for specific
applications are possible. The documents resulting from these harmonisation activities are
the research community anahdustry alike, intending to promote development, facilitate
demonstration,andfosteringthe widespreaddeploymentof robustelectrolysigechnologies

for green hydrogen production. It is worth noting that the experience gained and tangible
outcomes achieed through these activities are utilised in the formulation of international
standards by the International Organizationfor Standardizationand the International
ElectrotechnicaCommission.
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Introduction:
Theco-electrolysisof water and CQ is a well-establishedorocesgor convertingelectricalenergyinto
chemical energy, which can help reduce the problem of the imbalance between the intermittent rate
of electricity productiorfrom renewable sources and the continuous demand from the grid. In-high
temperatureelectrolysis someof the energyrequiredfor the processsin the form of heat, reducing
the demand for electrical energy. Solid oxide electrolysis is the most matahmology of this kind,
while the use of molten carbonate electrolysis cells (MCECSs) has been demonstrated more recently.
These cells can operate at lower temperatures compared to SOECs, nam&@9®B&) and can be
used to exploit Cerich waste streamsypically available in industrial environments, by converting
them at the cathodic compartment into higralue syngas products. The main reactions taking place
at the cathodeandanodeof the cellare,respectively,

HO + 2(_3(37(2e' Z H+ C_Q?' &3

CO3 z _02+C02+2e

Althoughresearchon MCECﬁasincreasedeczently,there is still aneedfor a better understandingpf
the physicochemical processes occurring within the cell to optimize its performance. The objective of
this study is tocharacterize the electrochemical performance of a-dghle MCEC, identifying the
underlyingphysiochemicgbhenomenathat take placewithin the cell. Theimpactof variousoperating
parameters,including inlet gas composition and temperature, on each process, is examinedto

pinpoint the optimal operatingconditions for thigechnologymore precisely.

Materials and methods:

Experimental data were obtained from the laboratory button cell unit with a geometrical electrode
areaof 3 cm?. Tworeferenceelectrodes,consistingpf gold (Au)wiresin equilibriumwith agasmixture

of 33/67%0,/CQOy, are placedin separatechamberdilled with the sameelectrolyteasthat in the cell.

These chambers are connected to the cell through a capillary with a gold plugtal&ef-the-art
components used in the study were provided by KIST (Korean Institute of Science and Technology,
SouthKorea).A schematiadrawingof the laboratorycellis shownin Figure. Thecelland electrodes
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electrochemical performance was evaludtby galvanostatic polarization tests and electrochemical
impedancespectroscopyEISundereachof the different operatingconditionstested. Thefrequency
spectra were recorded at two different operating conditions, including open circuit voltage and
electrolysiscellmode applying100mA/cn¥ to the cell.

MCECs are complex electrochemical devices, in which many processes occur at the same time, each
procesdeingcharacterizedy its typicalrelaxationtime. Howeverwhentwo or more processefave

similar relaxation times, it becomes difficult to separate and distinguish their individual contributions
to the overall impedance of the cell. The Distribution of Relaxation Times (DRT) [1] method was used
to deconvolutethe impedancespectrathus separatingndividualprocesse®ccurringwithin the cell.

This method involves decomposing the impedance response of the system into a distribution of
relaxation times, which represents the different characteristic timescales of the underlying
electrochemical proceses. By analyzing the DRT, valuable insights into the contributions of various
relaxation processes and their impact on the overall impedance behavior can be gained. To elucidate
the nature of eachpeakobtainedwith this method,the cellwasoperatedunder different predefined
conditions, recording an EIS measurement for each of them, starting from a reference condition, and
varyingeachtime one of the following parameterstemperature,H,O content,and CQ contentin the

fuel electrode gasThis study rpresents one of the first application of the DRT approach to this
technologyallowingto understandthe physicochemicabrigin of the individualpolarizationprocesses
controllingthe cell performanceandthe degradation.

gas
gas in

out 1
reference
electrode T

[ Alumina
[] Cathode

Figurel - Schematiarawingof the laboratorycellunit [2]
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Abstract:In the present work, the behaviour of a Proton Exchange Membrane Fuel Cell (PEMFC)
with a serpentine parallel flow field design has been experimentally investigated. Conventionally
machined graphite bipolar plates (BP) and aluminium bipplates produced by selective laser
melting (SLM) were used. In both cases, various physical properties of the BPs were analysed in
addition to the presence of pogést corrosion. The results showed a bettev lcurve for the
aluminium BPghut the coating applieds not ableto preventcorrosion.

Introduction: The most commonly used materials for the manufacturing of BPs in PEMFC fuel
cells are graphite, with excellent corrosion resistancebut poor mechanicalproperties, and
aluminium, with good electcial conductivity and excellent mechanical properties. The main
disadvantagesthat they needto be coatedto preventcorrosion[1]. Themostcommonmethods

of manufacturingBPsare machiningor stamping.However muchresearchhasbeendoneonthe
structure and dimensions of the flow field to improve the transfer capability of-tlmaensional

flow fields.In this context,additivemanufacturingnethodssuchasSLMappearasthey allowthe

spatial distribution of the composition to be controlled with almost geometrical constraints,
allowingthree-dimensional flowfields[2].

Objectives:Toanalysethe feasibilityof introducingSLMin the manufacturingof BPsn PEMFC.

Materials and methods: A fuelcellwith anactive areaof 50 cm2wasanalysedThegraphite BP

has a serpentine parallel channel design and was machined conventionally, while the aluminium
BP was fabricated using SLM, which allows for internal channels in the plate, as shown in the
Figure 1 a. Electrical and thermal conductivity and serfieiighness were compared for both
BPsA coating was applietb the aluminium BRafter SLM.

Results:Thetestsare performedunderdifferent operatingconditions.Thereferencetest hasan

operating temperature of 65 °C, a pressure of 0.5 bar, an antalersometry of 1.3, a cathode
stoichiometryof 2.5andarelative humidity(RH)of the anode andcathodeof 60 %.(Figure 1b).
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Figure2. a) Tomographyf BPandb) Polarisatiorcurve forgraphiteBP andaluminium BP

Thepresenceof corrosionwasanalysedby observinghe composition ofthe coatingbeforeand
after the test.

ConclusionsThemanufactureof aluminiumBPsbhy SLMallowsthe creationof three-dimensional
flow designs that achieve better performance in th¥ turve than BPs machined graphite.
However corrosionis presentin the aluminiumBPsafter testing,sothe coatingmethod needsto
be reconsidered.
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Abstract

Introduction: Globalactionsto reduceclimatechangeareincreasnglyreferringto hydrogen,

as a vector of great interest for energy storage from renewable sources and as key element
to sustainable mobility and decarbonization of hdodabate industrial sectors. Biomass is a
renewable energy source widely distributedoridwide and at low cost; its use is often
anchoredin traditional practicesand obsolete technologies.Thermochemicalprocesses
(gasification, pyrolysis) allow the conversion of the energy potential of residual biomass in
high-value products, such as syas, bieoil, and biochar, the solid residue of the pyrolysis
process. Many works haveecently been publishedn the integration of pyrolysis and
gasification processes since biochar is a bioenergetic vector characterized by a high carbon
contentandareducedcontentof volatileandoxygen(up to 10%wt.)[1], still havingpotential
energy that can be effectively converted into the gasification process. Furthermore,-a two
stage process can be one of the alternatives for tar reduction, a crucial aspéctdimving
hydrogen separatioefficiency andisingsyngas in engines fuel cells[2].

Objectives:In this work, the production of hydrogeenriched syngas through the steam
gasification of biochar is investigated. First, softwood residues (SW) azdl spent coffee
grounds (CG), two widely diffused feedstocks in many European countries, are pyrolyzed.
Then,biochar samplesgvere pelletized andubjectedto devolatilizationtests.

Material and methods:A 500 g/h screwype reactor is employed for thentermediate
pyrolysis process in the temperature range of AID°C under nitrogen atmosphere. The
devolatilization tests are carried out in a fluidized bed reactor to reproduce real application
conditions.Onlineanalyzersare usedto identify and quantify the devolatilizationproducts.
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Downstreamthe reactor, heavy hydrocarbonsare collected using a tar sampling unit.
Elemental and thermogravimetric analyses are carried out on the solid samples after each
procesdo evaluatethe massand energybalancef the integratedpyrolysisdevolatilization
conceptand estimatethe hydrogenandsyngasyieldsaccurately Finally devolatilizationtars

are analyzed with G®IS to consider the actual impact of pyrolysis pretreatment on BTX and
polycyclicaromatichydrocarbons(PAH)oncentrations.

Results:The effectiveness of the pyrolysis process in the removal of volatiles is analyzed by
reporting the elemental and thermogravimetric analysis of biochar at various temperatures
(Figure 1). The results of the devolatition tests highlight the significant influence of the
pyrolysis pretreatment conditions. The biochar obtained under higher severity conditions
leadsto lower gasproductionin devolatilizationtests,with reducedCOand CQ dueto lower
oxygen availabtly in the feedstockAfter the devolatilization of SW residues, the residual
char increases frora2%for raw SWto 70%for the pyrolysischarobtainedat 500°C.
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Figure 3: Proximate analysis and syngas composition of devolatilization tests (850°C) of pyrolysis char obtained
in the temperature range 400-500°C for SW residues.

ConclusionsTheseresultsshowhow atemperatureincreasen pyrolysispretreatmentleads

to a solid biochar with higher fixed carbon content, reduced volatile matter, and oxygen
content halved compared to that of raw feedstock; moreover, ash content, whose role as a
catalyst for cracking activity is reported to be an important element of biochar reactivity, is
evaluated. The gas produced exhibits an increasgcbhtent with the rse in pretreatment
temperature. It is noteworthy that the remaining char could result in highgprdduction
during gasification conditions. Furthermore, the tar content decreases with the increasing
severityof the pretreatment.
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Introduction:

Molten carbonate electrolysis cells, taking advantageof the co-electrolysisof water and CQ,
represent an innovation in the scientific landscape as devices for converting electrical energy into
chemical products and as devices for the capture and utilization of carbon. Hydrogen, water, and
carbondioxide are supplied to the fuel electrode. The electrochemical reactions occurring in the cell
are thefollowing:

FuelElectrode: HHO+CQ +2e'z Hy + cax Elg
OxidantElectrode:  COZz ~O + CO+ 2e 2
3 E 2 2

Molten carbonate cells operatat high temperatures, specifically between 550 and 700°C. At these
temperatures, the gases supplied to the fuel electrode, in addition to being involved in the-above
mentionedelectrochemicateactions canparticipatein other chemicakeactionsfavoredby operative
conditionsandelectrodecatalystsin particular,we observethe Reverse WateGasShiftReaction:

H,+ CQz H,0+CO 3)
Depending on the concentration of €&hd operating temperatures, a higher or lower production of
carbon monoxide can be observed, depleting reactants from the electrochemicalreaction and
reducing the concentration of hydrogen exiting thdl.c&€he objective of this study is to evaluate the
effect of HO and C@concentrations supplied to the cell and the temperatures variation on the H
productioncapabilities.

Material and methods:

Theexperimentaldatawere obtainedthroughan analysiof the performanceof a singlecellunit with

a geometric surface area of 100 cm2. The materials and-statiee-art data were provided by the

Korean Institute of Science and Technology (KIST). The cell is housed within a steel casing equipped
with conduitsfor the supply of gases and water vapor to the electrodes. The casings also serve as
electricalconnections fronthe furnaceexteriorto the cell itself.
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In order to study the cell's performance, its behavior was observed by independently varying the
partial pressureof water vaporand CQ in the feed. Additionally sensitivityanalysisvasconductedat

three differenttemperatures:620,650 and680°C .

For each combination of gas composition entering the fuel electrode, at each temperature,
galvanostatigolarization(l-V) testswere conducted Followingthe determinationof the polarization
curve, significant current densities were selected for each test. While maintaining the cell under the
chosen load conditions, gas chromatographic analysis was pegtbon the fluxes exiting the fuel
electrode.Theexperimentalanalysiof the cell'sresponseo different concentrationsfemperatures,
andcurrentdensitiesallowsfor a carefulevaluationof its performance Gaschromatographi@nalysis,

on the other tand, allows for the observation of the productivity of chemical and electrochemical
reactionsand how they are influenced bythe operatingconditions.

FUEL ELECTRODE
INLET COMPOSITION
VARIATION

Figure 4 - Experimental sequence

Conclusions:

Experimental studies have allowed for the evaluatiéreell performance in terms of water and CO2
consumption and hydrogen production. Variations in operating conditions have also been observed
to impact the production of carbon monoxide derived from the reverse water gas shift reaction. An
outgoing gas str@m from the cell, enriched with hydrogen and CO, holds potential interest for its
utilization as syngas in the production of liquid and/or gaseous fuels, such as methane, methanol, or
ethanol. However, it is important to note that if the intention is to pioy the hydrogen produced in

fuel cells,carbonmonoxidemayact asa catalystpoison.Therefore, dependingon specificobjectives,
carefulconsideratiorof the operatingconditionsis necessary.
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Abstract

Introduction:

In the field of green hydrogen production via dtetysis, several technologies gained more
and more attention in the recent years. Among them, high temperature electrolysers
(especially Solide Oxide Electrolysis Cells SOEC) jumped on the stage as one of the most
efficient processto produce hydrogen. Tagether with SOECelectrolysersalso Molten
CarbonatesCells (MCCs) started to be investigatedaagpromising devicdor hydrogen
productiondueto the highconversiorrate obtainableandlackof preciousmetalscomposing
them. MCCs differ significantly fro SOCs in terms of operative conditions (e.g. reactants,
operating temperature) and the performance of such devices have not been extensively
investigated. Particularly only one work has been carried out on the degradation of MCCs
operated in long term tes [1] and it was operated on a lab scale cell (3)cnvhile other
studies on single repeating units (81 Ynfocused more on the performance evaluation
varying several operative conditions [2,3]. The ambitious goal of this work is to carry out a
longterm test on a MCC single repeating unit able to mimic the direct coupling of the
electrolysemwith PVduringatypical meteorologicayear.

Objectives:

Aim of the experimental campaignis to continuously monitor the electrochemical
performance of a molten chonate electrolyser in load following configuration, simulating
twelve typical days of PV distributed during the year. This approach will shade light on the
dynamic behaviour of molten carbonate electrolysis pointing out degradation effects
occurringduring progressive increasemddecreases gbowerload.
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Material and methods:

To effectively tackle the aforementioned issues the first step was to quantify the solar
radiation in a typical meteorological year using the opens source tool from EU Photovoltai
Geographical Information System (PVGIS) geolocated at ENEA Casaccia R.C.. Subsequently a
typical day for eachmonth has beenextrapolated basing thischoice onthe maximum

standard deviation in term of power produced. Finally, a MCC single repeatinigasniteen

powered following the profiles previously obtained. The experimental procedure is
summarizedn figure 1.

°n
*ag
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§
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Abstract

Introduction: The Bunsenreaction is the central node of the Sulfur ¢ lodine (SI)
thermochemicakycleandis expresseasfollows:

2+&)00 + 1+ X+ Y2 O [Q@Yu+ (¢ a)Qi] +[20® & Q0 + 0w )
where¢ andwarethe H-Oand |, excesses, respectivelgquiredfor complete separatiomf
the two productsulfuric( ) andHlw( ) liquidphases ]].

Objectives:Whenthe Sicycleis poweredby a solarsourceto producegreent, acontinuous
functioning of the Bunsen reactor is desirable. Thus, the primary objective of this wotk was
build a continuous countecurrent flow Bunsen reactor with a maxum SQcapacity of10

NL h'. Moreover, a macroscopic model was developed and validated using the reactor
experimental data. Finally, a fitting of literature data was used to express the equilibrium
partition coefficientsof the variouscomponentsn the two liquid ( andf ) productphases.

Material and methods:The Bunsen reaction was carried out up to 6 hours in a packed
continuousthree-phasecolumnreactor(T=353K,P=1 atm)where"0O=0.22mol h'* gaseous
SQand0 =(2 + ¢€)"diquid H-Owere continuouslyfed from the bottom, whilethe two| and

I liquid phases were continuously collected from the top and the bottom, respectively. The
lower section of the column was filled with inert tantalum ring packing to aid dispersion of
SQ, resultingin afree reactorvolumeof w=150mL.Abovethe inert filling, amolarflow rate
"Y=(1 + &)"Oof lwas fed in the form of solid pellets, which were restored as they were
depleted duringhe reactionto alwaysguaranteel, saturationatthe| § interface.

EFC2&uropearfFuelCellandHydrogen2023¢ Capri/ Italyg Septemberl3th-15th


mailto:alice.bertino@unicampus.it

PIERO LUNGHI CONFERENCE

European Fuel Cells
and Hydrogen

Capri /

September 13th-15th 2023

Italy

Forthis reactor,where the simultaneousreactionand separationof | andf takesplace,a
macroscopienodelwas builtwherefunctionsof the type & é"Qér %u‘b ) for the equilibrium
@

partition coefficientsu -avere obtainedthroughafitting of literature data.

Results:Thefitting for 0-o@ndv oy (09and Vo5 not displayeddueto spacelimitations)
andexperimentaldatavsmodelresultsare shown irFigurel and Tablel, respectively.

Q.0

o1 02 03 0.4 0

05

-10 o

o
- ."- o
15 o g vy =-B.355x - 0.7767
o Mo R?=0.8332
20 &2 o
E .t
= T o
= s D
.. o
"*-, 1+]
30 y=-43327-20779 o .
R*=0.8833 Tl o *
el
E:13 =
., -
-40
o T€[298;333] K
* T€[353;393] K
45
%, (HI, Phase)

5

4.5

o Te[298;333] K

a0 | *TEBS3303 K R

3.5

y=10.028x + 0.3912
R*=0.8652

L y=3.66500+0.8413
. R?=0.9033

10 iGor

0.5

[y]

[+] 01 0.4

0.2 3
%, (HI, Phaseﬂ}

Figure 1 Fitting tofind the functions é"Q@ "Q(abd ) for & Hland H.SQ

Q

Tablel. Experimentatlata (¢ = 10.050=4.3) vsmodel

0.5

Sulfuricphasey Hydroiodicphase
Molarfraction @ dbugu (;Ll,g Y o ‘350"0 &QU 03@ (*T)QYQ
Experimental 0.01 0.82 0.01 0.17 0.14 0.52 0.33 0.02
Model 0.00 0.81 0.00 0.19 0.14 0.52 0.31 0.03
1h 2h 3h 4h AveraggExp.) Model
| (mLh?) 20.0 22.5 20.0 20.08 | 20.08+1.2 19.8

ConclusionsThis work introduces sevarinnovations: the experimental sefp incorporates

a unique approach of introducing soligpkellets in successive steps to maintain saturation

conditions at the liquidiquid interface, and is described with a novel model; unlike previous
studies that dcused on thermodynamic models examining only binatiy.O, b/HI and
HSQ/H20 systems, this study pioneers the description of the global equilibrium of all four
componentsn the two Bunserproductphaseghroughthe fitting of partition coefficients.
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Hydrogen (B produced from renewables has a growing impact on the global energy dynamics
towards sustainable and carbereutral economy. The share of greepisistill too low to meet th
net-zero target, while the demand for higuality hydrogen continues to rise. These factors amplify
the need for economically viable. Bleneration technologies. The present talk will make an overview
of the existing technologies for higjuality H production based on solar energy. Technologies such
as water electrolysis (PV coupled to electrolyzers), photoelectrochemical and solar thermochemical
water splitting, liquid metal reactors and plasma conversion utilize solar power directly or indirectly
(ascarbonrneutralelectrons)andwill be reviewedfrom the perspectiveof their currentdevelopment
level, technical limitations and future potential for the generation of highly pure and compressed H

[1].

Key words:H; generation, Water electrolysis, Wateplitting, Methane pyrolysis, Jiurification
andcompression
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Abstract

Inthe lastyears hydrogenemergedasone of the mostviableoptionsfor the energytransition

from fossil flels to sustainable and zemmission energy sources. The possibility to use
hydrogen as energy storage medium by producing it from Renewable Energy Sources (RES)
excess energy through water electrolysis fostered its capability of being a key competitor of
batteries,especiallyfor largescalestorage.

Todate, electrolysertechnologiesare still showingdurability levelsbelowthe desiredtargets.

This could be improved by employing more advanced monitoring, diagnostics and fault
mitigationtools. Thedesig of suchtools requiresproperalgorithmsthat cantake advantage

of information being acquired non-invasivelyon the systemsthat otherwise may stay
unnoticed, and the use of advanced probing techniques, such as Electrochemical Impedance
SpectroscopyEB).

Among the several diagnostic approaches, the use of Equivalent Circuit Models (ECMs) allow
expressinghe performanceof electrolyserghrough physicsrelatedparametershat provide
detailed lumped or discrete information about the electrochemicallosses inside the
electrolysercomponentsby properfitting of the EIS spectra.

This work presents the investigation of the effects related to the variability of EIS testing
methodologiesand operating conditions on the identification of ECM parameters for
diagnostic purposes. The experimental data have been measured coed 6olid oxide
electrolyser (SOEC) stack under defined nominal and faulty operating conditions, to support
the development of adequate advanced characterization methodologies for SOEKS sta
operatedin the field.

EFC2&uropearfFuelCellandHydrogen2023¢ Capri/ Italyg Septemberl3th-15th


mailto:ppolverino@unisa.it

European Fuel Cells
and Hydrogen

PIERO LUNGHI CONFERENCE September 13th-15th 2023
‘ ‘ Capri / Italy

First, the measured EIS and letegm data are described, analyzed and classified in order to
identify the most representative operating variables and the definedps@tts for each
measurement. Then the acquired EIS spectra are fitted with an ECM model and the
corresponding parameters are associated to the identified operating conditions. Finally, the
sensitivity of the parameters identification is assessed by observing the influence exerted by
the monitored variablesandthe considered EIStimuli(sinusoidabr PRBS).

This analysis is fundamental for designing the statistical significance of the ECM parameters
that will be usedfor diagnostiqpurposesin this way, the proper classificatiorof nominaland

faulty conditions can be performed, taking into accountthe deviation of the achieved
operatingconditionwith respectto the definedset-pointsandthe waythe EISmeasurements

are performed.
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Abstract

Introduction: Molten Carbonate fuel cell (MCFC) is a commercialised and mature teglnolo
employed for big-scale power production [1]. Nevertheless,there are some scientific and
technicalopportunity areasto explore[2], includingthe operationin electrolysisnode.Thereare

a number of experimental, numerical and therrmoonomic studiegnalysing the performance

of Molten CarbonateElectrolysiCellSfMCECs) heexperimentaltudieswere mainlycarriedout

at lab-scalelevelwith button andsinglecells.In the caseof button cells,they offer the possibility

to carryout half-cellmeasuementswhichhelpsto analysethe electrodesindependently Among

the different experimentatechniquesthe electrochemicalmpedancespectroscopyEISgnables

fast diagnostics of the cells although it is difficult to identify the individual processmsrong in

the system. In this regard, EIS can be complemented with the Distribution of Relaxation Times
(DRT) technique which is useful to identify and understand the influence on different processes
of the operating conditiong3].

Objectives:The aimof this work is to present and identify the processes that take place in the
electrodes of an MCEC and how they influence the total impedance in a full cell operation. A
correct process identification could help to propose more accurate equivalent cmadels or

to carryout analyticatimescaleanalysis.

Material and methods:A 3 cn? button cell was used to carry out the analysis using standard
components for the fuel electrode, oxygen electrode and matrix, i.e., Ni, NiQ dndlQ,
respectively. The eutectic mixture 62/38 % (Li/KyCQ was used as electrolyte. The inlet
composition of the gases and the cell temperature were varied, one at a time, as described in
[4,5]in opencircuitvoltage (OCVAandunder electrolysisoperation.

Results: The half-cell measurementsshow that the major contribution to the polarisation

overpotentialscomesfrom the NiOelectrodeasshownby the ElSspectrafrom Figurela.lt isalso
indicatedthat the effect of eachelectrodeis additive if the experimentalconditionsare
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maintained steady. The greater contribution of the NiO electrode is also depicted using the Bode
plots, Figurelb, althoughthe impedanceof the individualprocessess shownaltogether. TheDRT
facilitates separation and identification of peaks @tated with the individual processes in each
electrode, Figure 1c, and their contribution in the full cell. In total four peaks per electrode were
identified and five peaks for the full cell measurements. Additional results indicate that the
intensity of he peaks as well as the polarisation resistance is lower in electrolysis than in OCV

because the production of &nd CQin the NiO electrode improves the diffusion and activity of
the cell.

0.2

9L — () Ni
Bz[4) b) (2) NiO
; P— —— (3) Cell @ meas
o 0.1F \\ o 01 //\\ Cell @ (1) + (2)
T ool ™l < 7 %,
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Figure 5. a) EIS, b) Bode, and c) DRT spectra of the electrodes and full cell in OCV, operating at 650°C and

standard gas mixtures.

ConclusionsThe DRT offers a qualitative analysis of processes in MCEC using the EIS spectra. In
this work the impedance haffell measurements helped to identify four peaks per eledér

where the major contribution isdue to the speciediffusion which occursn the rangeof
approximatelyl-100Hz.

Acknowledgement

Thiswork wassponsoredby the SwedishGovernmentresearchprogramé { ¢ I foR9 Y SNH & ¢ ®
Thecellcomponentswere providedby AnsaldoFuelCellsin Italy.

References

A. Moreno, V. Cigolotti, M. Della Pietra, L. Leto, S.J. McPhail, International status of molten carbonate fuel cells technology 2015, ENEA.
(2015).

J.R. Selman, C.-C. Chen, Scientific and technical maturity of molten carbonate technology, Int J Hydrogen Energy. 37 (2012) 19280i
19288. https://doi.org/10.1016/j.ijhydene.2012.06.016.

S. Dierickx, A. Weber, E. Ivers-Tiffée, How the distribution of relaxation times enhances complex equivalent circuit models for fuel cells,
Electrochim Acta. 355 (2020) 136764. https://doi.org/10.1016/j.electacta.2020.136764.

L. Hu, G. Lindbergh, C. Lagergren, Operating the nickel electrode with hydrogen-lean gases in the Molten Carbonate Electrolysis Cell
(MCEC), Int J Hydrogen Energy. 41 (2016) 186921 18698.

[5] L. Hu, G. Lindbergh, C. Lagergren, Electrode kinetics of the Ni porous electrode for hydrogen production in a Molten Carbonate
Electrolysis Cell (MCEC), J Electrochem Soc. 162 (2015) F1020--F1028.

EFC2&uropearfFuelCellandHydrogen2023¢ Capri/ Italyg Septemberl3th-15th



\ European Fuel Cells
EFC23) } and Hydrogen

PIERO LUNGHI CONFERENCE September 13th-15th 2023
‘ ‘ Capri / Italy

HydrogenProductionSystems; a Review

GabrieleMicciché®, SoniaLongd, MaurizioCellurd, ManfrediPicciottoManiscalcé, MarcoFerrard®

* correspondingauthor: gabriele.micciche@unipa.it

a affiliation: Department of Engineering, Wrersity of Palermo, Viale Delle Scienze Ed.9, 90128
Palermo ltaly
b affiliation: NationalResearch Council of Itadyinstitute for Advanced Energy Technologies, Viale
DelleScienzd=d.9,90128Palermo, Italy

Keywordshydrogen environmentaimpact,Life CycleAssessment

Introduction: Hydrogen is considered as one of the pillars of the European decarbonization strategy,
022aldAy3a | y20St 02y OSLJi 2F GKS SySNHe aeadSy
energy transitionThis paper reviewseveral production pathways to produce hydrogen (BroGrey,

Blue, Turquoise and Green) to assess the most promising technologies to reach the E@ogean
Dealcarbonneutrality goals by2050.

Objectives:Theobjectiveisto producethe first reviewwork of hydrogenproductionsystems statef
art, from the point of view of carbon emissions produced by the various technologies on the market
andona laboratoryscale.

Material and methods:A collection of five papers, which brings together about 40ngXas of
hydrogenproductiontechnologieswasusedasthe basisfor thiswork. Thecommonthreadthat binds
almostall the articlesisthe useof harmonizedemissiondataobtainedby applyingthe Harmonization
Protocolproposedby Valenteet al..[1] Themeasuringgaugeof the analysiswill be theuseof asingle
environmentalimpact indicatorthe GlobaMWarmingPotential(GWP).

Results Since the data collected are very heterogeneous, they were first divided into two main
categories concerning the teohlogical category to which the hydrogen production processes in
guestion belongg Thermochemical and Electrochemical Processasd then, each one, into other

two categoriedo separateprocessesvhichuserenewableenergysourcesrom thosewhichusenon-
renewable energy sources. The following table reports the original and harmonized GWP values
retrievedfrom the five articlesmentioned before:

GWP Harmonized GWP _ .

[kgcozedKgr2] [kgcoz-edkgh2]

_ SteamMethaneReformingwith Carboncaptureandstorage 3,32 - [2]
8 SteamMethaneReformingwith CO, captureandstorage 3,9 47 [3]
| E § SteamMethaneReforming 9,89 s [2]
q;, 2 ¥ SteamMethaneReforming(Spain) 10,6 11,4 [3]
S 8 g CoalGasificationwith CO, captureandstoraggGerman coainix) 7,00 7,70 [3]
g % @ CoalGasification(Germancod mix; sulphurco-product) 23,10 24,40 [3]
z = CoalGasification(ChinaCoalmix) 26,40 24,40 [3]

CoalGasification(Germancoalmix) 27,00 27,50 [3]
2= via PlasmausingRE andFossiING 0,91 - [2]
& g ® via PlasmausingRE andRenewableNG -5,22 - [2]
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Fermentéion
BiogasSteamReforming
WoodGasification

Bio-int. SteamReforming

Microbial ElectrolysisCells

SOECGCitalian Grid Electricity

Electrolysis(Europearmix 2014)

Grid electrolysi Europeammix 2010)

SOECGNG Electricity
Electrolysis(Germarelectricitymix)

Grid electrolysi Europeammix 2005)
Electrolysis(NaturalGasElectricity)
SOEGCoalElectricity

Grid electrolysigChinaElectricity mix 2005)

Grid electrolysig/AustralianElecricity mix 2005)
Electrolysis(CoalElectricity)

Wind-Electrolysis

PV-Alkaline Electolysis[Sulemanetal. (2015)] (Canada)
PV-Electrolysis

SOEGHydro Electricity

SOECNuclearElectricity

PV-PEM Electolysis[Granovskiietal. (2007)] (US)
SOEGWind Electricity
PV-PEMElectolysisLundebergetal. (2019)] (Sweeden)
PV-Alkaline Electolysis[Ozbilenetal. (2011)](Canada)
PV-PEM Electolysig[Cetinkayaetal. (2012)] (Canada)
PV-Alkaline Electolysis[Lundebergetal. (2019)](Sweeden)
PV-PEM Electolysis[ReiterandLindorfer (2015)] (EU)
PV-PEM Electolysis[SchmidtRiveraetal. (2019)] (EU)
PV-PEM ElectolysigGranovskiietal. (2007)](US)
PV-Alkaline Electdysis [Simonsetal. (2011)] (Spain)
SOEGSolarElectricity

PV-Alkaline ElectolysisiKoroneosetal. (2004)] (Germany)
PV-PEM Electolysig[PereiraandCoelho(2013)]
(Germany/Portugal)

PV-Alkaline Electolysis[Lombardietal. (2011)] (Italy)
SOEGBiomassElectricity
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- 5,78 [4]

- 7,11 [4]

. 8,55 [4]

. 10,72 [4]

. 13,49 [4]
25,64 = [5]
27,60 28,30 [3]
28,7 29,6 [3]
28,93 = 2]
32,00 29,90 [3]
34,00 34,50 [3]
43,00 43,80 [3]
43,95 = [2]
53,00 51,80 [3]
67,00 68,50 [3]
70,00 71,80 [3]
0,0325 = [2]
0,37 0,65 [6]
0,37 = [3]
0,72 = [2]
2,11 = 2]
2,15 2,16 [6]
2,26 = [2]
2,31 3,80 [6]
2,41 2,63 [6]
2,50 2,58 [6]
2,60 4,09 [6]
3,05 3,13 [6]
3,05 3,15 [6]
3,67 3,72 [6]
4,30 4,40 [6]
4,63 = [2]
5,71 4,69 [6]
6,20 5,80 [6]
6,40 6,64 [6]
14,36 = [2]

ConclusionsConsideringsWP Jookingat marketreadytechnologiesglectrolysiscoupledwith
renewableenergiessthe undisputedwinner of this analysis (0325- 6,20kg:o7/kgh2).

References

o

b ESydss

5® LNRAO

I NNEYEOT § RIWRO 50zF @ IdANE A v B | NYCRABR@ERT NG
vol. 149, pp.762¢772, Apr2017,doi: 10.1016/j.jclepro.2017.02.163.

J.Diab,L.FulcheriV.HesselV.RohaniandM. Frenklach@ 2 Kéquoise hydrogemvill Bea gamechangerfor the energy
i NI vy a lntdHyearof&rEnergyvol.47,no. 61, pp. 2583125848,Jul.2022,doi: 10.1016/j.ijhydene.2022.05.299.

A. Valente, D. Iribarren, and J. DufBur & |  N¥2yAaSR Ol Nb2y

Energyvol.46,n0.33,pp. 1758%17594,May 2021, doi10.1016/j.ijhydene.2020.03.074.
M. Buffi,M. PrussiandN. Scarlat& 9 y SahdBrvironmentalassessmendf hydrogenfrom biomasssourcesChallenges
andLJS NA& LJS BidnfagBtoanergyvol. 165,0ct.2022, doi:10.1016/j.biombioe.2022.106556.

A. Mehmeti, A. AngeliS§ A Y I { A & £
production by highi S Y LIS NI (i dzNB St SO N2 f BCGlehriProdasl. 199, p. A26%86A Gtt. 20EBAMRIS

! ®

10.1016/j.jclepro.2018.07.166.

ho YIYyT Z Yo
of PVt 2 6 SNBR
https://w ww.frontiersin.org/articles/10.3389/felec.2021.711103

| @RNR3ISY

DAGGE1lrdzZ Y 5Ay3S
t NPFRUErEin Beftrodiciol. 9, P02 1) [DNiBe]. Aviilable> £

EFC2&uropearfFuelCellandHydrogen2023¢ Capri/ Italyg Septemberl3th-15th

565

Fy R SyinSNBdrogeh2 2 (G LINA v (i &

. ® adz32i I a O-themddyndmicRot Bydrogény R { @ Wao a Ot
OStfasé
'@ wl dzZ -Cyché Rloblal @WarmiBgAigpRcE NA = awS |


http://www.frontiersin.org/articles/10.3389/felec.2021.711103
http://www.frontiersin.org/articles/10.3389/felec.2021.711103
http://www.frontiersin.org/articles/10.3389/felec.2021.711103

European Fuel Cells
) and Hydrogen

PIERO LUNGHI CONFERENCE September 13th-15th 2023
‘ ‘ Capri / Italy

Hydrogen in a future energy systenBusiness models and
applicationin the transportsector

Herman Hansson*, Mirjam Sarnbratt**, Nathalie Fransson**, Kerstin Sernhed*, Kristina
Lygnerud**, Martin Anderssort

* LundUniversity
** VL¢ SwedistEnvironmentalnstitute

Abstract

For a hydrogen based energy system to takethere is a need tanderstand hydrogen
business models, and to specifically understand efficient production and distribution to the
transportsector.Previousstudieshavefocusedon specificpartsof businessnodels,suchas
revenue streams, price models or profitabilitythhave failed to take a holistic approach to
business models that also includes analyses of value proposition, customer segments,
relationships, and channels as well as partnerships, resources and activities required to
achieve the value proposition. Tratudy adopts a holistic view of business models and
conducts an analysis of the future boundary conditions, i.e. conditions in 2045 that will
affect the business of hydrogen actors. Based on two studies, several possible boundary
conditionswere collected

Ouir first study combined a literature review with an interview study to compile the current
state of knowledge on business models for hydrogen in the transport sector. The literature
review was initiated by recent reports and articles covering the diffeways of value

creation that can be associated with hydrogen production and consumptianst

importantly hydrogenmanufacturing power grid flexibility,and wasteheat. Progressivelya
structured literature search approach was taken, utilizing défiferscientific databases and
RATFSNBYG O2YoAylFdAz2ya 2F (GKS aSINOK g2NRA
YR & FAf f ATedntedviaw study2nyestigated, i a sestiuctured way, how
different actors in the sector (including proders, distributors, and tank station owners of
hydrogen) as well as customers (haulage and public transport companies), described their
businessnodelof today.

Our second study aimed to broaden the horizon and assess the business models beyond the
near future, more specifically the year 2045. Potential boundary conditions were collected
via investigating different governing and strategic documents from a nationalyié#) and
global perspective, as well as technological and teebtanomical assessmenthé&se
boundary conditions of the future covered regulatory, technological, and behavioural
aspects of the business landscape of hydrogen in the transport sector. When a list of
possibleboundaryconditionshadbeencollected,aworkshopwasheld, investigatng which
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of the potential boundary conditions, collected in the study, that could be validated by
actorsin the valuechainof hydrogendriventransport.
Theresultingboundaryconditionsenableda discussiorof a few qualitativefuture scenarios

of 2045 These scenarios could be compared to the current state of hydrogen business
models, thus identifying potential gaps and a direction to how hydrogen actors of today can
develop their business. The discussion was conducted from a Swedish perspectivbesince
validating interviews and workshop was made together with Swedish actors. However, the
report also included an international outlook, and while the conclusions are specifically
validatedamongSwedish actorssimilaritiesto other countries carpotentially be seen.
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Abstract: To support the exploitation of the hydrogen production from waterusyng the
electrolysis process, in this paper an economic analysis, based on the evaluation of the
levelizedcostof hydrogen(LCOH)is carriedout by consideringhe 20232050 scenarios.
Introduction: Electrolysis technology is considered an excellehitiem to make possible
hydrogenproduction.TheAlkaline(AWE)the ProtonExchangdembrane(PEMWEandthe

Solid Oxide (SOEC) electrolyzers are the most studied as the current and future technologies
for the greenhydrogenproductionfrom renewablesources.

Objectives: This study aims to calculate the LCOH to identify the average price at which
hydrogen musbe soldto breakeven financially.

Material and methods:The cost analysis is based on the evaluation of the CAPEX, O&M and
replacement costs of AWPEMWE and SOEC. Table 1 summarizes the technical data as well
asthe costparameters of theselectrolyzersasavailablefrom IRENA reporfl].

Tablel. Technicahnd economigarametersof electrolyzersn the 2020-2050scenarios.

Parameters AWE PEMWE SOEC
Scenario 2020 2050 2020 2050 2020 2050
Stackunit size(MW) 1 10 1 10 0.005* 0.2
AverageStackefficiency(kWh/kgH,) 56.5 42 56.5 42 42.5 35
AverageSystemefficiency(kWh/kgH,) 64.0 45 66.5 45 45.0 40
AverageH, production(kg/h) 17.7 23.8 177 23.8 23.5 28.6
AverageO, production(kg/h) 142.0 190.0 142.0 190.0 188.0 229.0
AverageO utilization (kg/h) 177.0 238.1 177.0 238.1 235.3 285.7
AverageStackCAPEXmin. IMW,e k 1 2 0 248.4 92.0 368.0 92.0 1,840.0 | 184.0
AverageSystem CAPEMIN.10MW,e k 1 2 (| 441.6 92.0 598.0 92.0 920.0** 92.0

* Thissizeis not significanton industrialscale but currentlyonly thesedataare available.
** Thisisanassumptionof the authorsaccordingo other costson SOEC systenasailablethe literature.

For a more detailed CAPEX assessment, the factorial method [2] and the conversion factor
inherent inthe ChemicaEngineerind’lant Cost Indices (CEPG])are adopted.

600 EMWIBQUORO LNEDR®D i (1)
600 Q= 600 QL6 00 £,D8 00 £,00 2)

EFC2&uropearfFuelCellandHydrogen2023¢ Capri/ Italyg Septemberl3th-15th


mailto:fabiana.romano001@studenti.uniparthenope.it

(1]
(2]
(3]
(4]
(5]
(6]
(7]

(8]

\ European Fuel Cells

-

} and Hydrogen

4
y

/4 PIERO LUNGHI CONFERENCE ‘

September 13th-15th 2023
Capri / Italy

Thetotal costsandrevenuescalculatedof eachelectrolysissystemare shownin Table2.

Table2. Totalcostsandrevenuef the electrolyzers.

Pamameters AWE PEMWE SOEC
2023 2050 2023 2050 2023 2050
Capitalcostso | € GCAREX 4,715.4 1,082.3 6,464.0 1,082.3 | 13,106.0 | 1,310.6
O&Mcosts*6 | € gCauW 1,172.2 701.7 1,288.9 701.7 1,507.5 | 755.9
Replacementosts*™0 | e ®Cg U]  118.6 43.9 175.6 439 878.2 87.8
Revenues**0 1 € Re» L 103.1 138.6 103.1 138.6 137.0 166.4

*Maintenancecosts3%-CAPEX [4], Servagwd Operatingosts2%-CAPExhd 1%-CAPEX, respectividy. H.O
consumptioncosts0.009e k [5HAveragecostof electricityin Europel00e k a 2(2023)[6], 70e K a 2(X050)
[7]. **Replacementcosts35%-CAPEX [4}*Oxygen price0.13€ K 3Y8].

TheLCOHis calculatedoy consideringhe system'difetime to be 20years(N)andby applying
the following equation9]:
(60 00+ By Gpsp 0000 odoBiomrans o6 daRBee Yot wms 06 okdy YoO

O oponetona

060=

3

The CREF is the capital recovery factor, i.e. the index used to calculate the present vadue of a
annuity. It is calculatedconsideringhe realinterestrate Ir (basedon anominaldiscountrate

of 3% andaninflation rate of 2%[9]) andthe duration of the system.
Results:t KS O f OdzZf F GSR [/ hl A& ddpp
YR odomek]3IZT odom e€k13I YR HDPDC
electrolyzerrespectively.

ConclusionsAt 2050the SOE@echnologywill becomethe most competitiveandthe LCOH
willbeundero e k1 3P
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Abstract

Solid oxide cells (SOCs), operating from 750 to 850°C, are efficient electrochemical systems
for electricitygeneration(fuel cellmode, SOFCand hydrogenproduction(electrolysismode,
SOECYnesolutionto increasehe lifetime consistof decreasinghe operatingtemperature

to 650750 °C. However, in this case, one of the main challenges is to improve the oxygen
electrode efficiency by enhancing the oxygen reduction/evolutieaction. To tackle this
issue,it isimportantto choosesuitablematerialswith adequatephysicalchemicalproperties

and to optimize the microstructure and architecture to further increase the electrochemical
performances.

Introduction: In the context dlowering the operating temperature of SOCs to 65D °C to
improve the SOC durability, the electrode reaction kinetics become relatively insufficient.
Thus, there is great potential to master the microstructure, architecture, interfaces, and

compositor2 ¥ 2E&3Sy St SOUNRBRS& Ay {h/ & itdutey ONBI &

celloverpotentials.

Objectives:Thiswork aimsto designnoveloptimizedoxygenelectrodeswith improvedmixed
ionic-electronic properties to be used as more efficient oxygéectrodes in SOCs. Indeed, it
isof highimportanceto control the electrodemicrostructureandcompositionto obtainlarge
surface areas. These properties are essential to increase the number of active sites for the
oxygen reduction/evolution reactiofORR/OER) and to enhance the ionic transfer at the
electrode/electrolyte interface.

Material and methods: The design of three different oxygen electrodes such as
(La.7SK.3)0.95(Ca Fa g 1, LaxPrNIQ: 1,1 and PgOi1is reported using the typical screen
printing (SP)processandthe innovativeelectrostatic sprayleposition(ESD) techniqu&SD
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stands out as a promising low-cost and parametercontrolled method to fabricate
microstrucural features at the nanometer length scale. It allows producing thin films with
original morphologies by a nartexturing approach. Indeed, the grain size, porosity, surface
area, architecture, and the film thicknesscan be tailored to obtain desired eledrode
microstructures and architectures. Structural (XRD and TEM), microstructural (SEM),
compositional (STEM) coupled with EDX, and electrochemical characterizations (EIS), were
employed to study the correlation between microstructure, composition, architecture,
interfaces,andelectrochemical propertiefor the investigated oxygeerlectrodes.

ResultsHere, we report recent advances in the design efsBa «Ca Fa sOs 1, (LSCF) [1lLa-
PENIG 0 [ t bh O OH B8 6 A (40 [8] oxygenteledtides \Eith drafnRsizet aNd
porosity at the nanometre length scales. These active functional layers are fabricated using
ESD. This talk will show our latest electrochemical performance results of these innovative
oxygen electrodes investigating the role bktnanostructure and the electrode/electrolyte
interface. The correlation between microstructure, compaosition, grain size, interfaces, and
electrochemicalproperties is discussedin detail for the different investigated oxygen
electrodes. To conclude, thsuitability of these materials with innovative and controlled
microstructureasdurable airelectrodesfor SOECkasbeenprovento be promising.

ConclusionsOurinvestigationsuggesthat the ESOprocesgs a suitablelow-costmethodto
manufacture unique optimized porous and nanostructured oxygen electrodes with
reproducibility. Three MIEC oxygen electrodessitd deficient (L&7S0.3)0.905Co.2Fe 800 1 «
perovskite, the Lax PENIGh s (with x = 0, 0.5, 1 and 2) solid solution, and PrsO11, a
decomposition product of the LaPrNi®nickelate, have shown one of the lowest values of
polarizationresistancesn the literature andexcellentperformancesn singlecelltests.
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Abstract

Introduction

Hydrogen has emerged as a clean and sustainable energy carrier witdrowsn
applications, including fuel cells and energy storag2][However, Hposes unique
challengeslueto its ability to permeatethroughmetal pipelines causingembrittiementand
corrosion [3] thus leading to pipeline failures and increasing maimemaosts. To mitigate
these problems, the development of effective anticorrosive coatings is crucial. Graphene,
with its exceptional mechanical, electrical and barrier properties, has shown great potential
as a corrosiofmesistant material [46]. Chemicavapour deposition (CVD) techniques offer a
scalable anaontrollablemethodfor synthesizindpigh-quality graphene film§7].

Objectives:

The aim of this research is to contribute to the advancement in the understanding of
graphene coatings as adtiydrogen penetration layers in carbon steel. Here we present a
part of the preliminary results of the first year of the research line framed within the
OperationalResearchPlanon Hy., dedicatedpreciselyto this issue.

Materials and Methods:

CVD graphene symesis was realized directly onto steel substrates (grade 304) by using a
Ho/CH; mixtures at a constant temperature of 950°C at a pressure of 0.5 Torr, followed by a
cooling phase in ArA-atmosphere for 30 minutes at a pressure of 10 Torr. Two different
sampleswere producedby changingthe growth phaseduration,8 and 30 min, respectively.

| 30 min growth Figure 1. Raman spectra
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The samples were successivélgracterized by Raman spectroscopy and scanning electron
microscopy. Figure 1 displays a comparison of the spectra: the sample grown for 30 minutes
exhibits a more defined spectrum than that of the 8 minutes, revealing that the growth time
plays a crucialole in the growth process. It should be noted that the shape and the position
of the peaks are attributable to graphene oxide rather than pure graphene, probably due to
the presence of oxygen in the substrate composition. We also verified that incrémeesing
guantity of material did not lead to an improvement in its quality: indeed, SEM

investigations (Figure 2) suggest the presence of a large quantity of carbonaceous material,
whichappears irthe form of amorphous agglomerates.

Figure2. SEMmages(a) beforeand
(b) after 30 min growth on the SS
substrate.

ConclusionsWe have demonstrated the possibility of direct growth of graphene on steel,
howeverthe processeedsto be further optimizedin orderto obtaina continuousgraphene
film, free from impuritiesand carbonaceous agglomerates.
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Abstract

Introduction:

Hydrogen as an energy carrier could be a new additional strategy to decarbonise the energy sector [1]. It
can be produced by electrolysis starting from the surplus power of renewable sources and then be stored
and reconvertedinto electricity by meansof fuel cells, without pollutant emissions,when needed.
Hydrogen storage is one of the major issues to its diffusion on a large scale [2]; among the different
methods,storinghydrogenin the form of metal hydridesis certainlya promisingtechnology{3]. However,

this process is not mature yet and further studies are needed to make this storage system competitive. In
particular, due to thermal behaviour of metal hydrides during the absorption/desorption phases, the heat
management of the sirage system need to be improved, in order to enhance the reaction kinetics in the
metal sites [3].

Objectives:

This work aims to propose an experimental test bench, built to characterize and optimize the thermal
conditioningand managemenof low-pressuremetal hydrides(MH) canisterdor hydrogenstorage fed by

a green hydrogen production line. More in detail, the final objective of shely is to propose an
experimental approach to assess the energy performance of the MH stagsjem, for stationary
applicationsandwithout any hydrogen compression stage.

Material and methods:

The current layout of the experimental sep is shown in Fig.1 and is composed by a PEM electrolyzer,
able to produce 30 Sl/h ofJdt 11 bar, with a maximum power consumptioh300 W (AC), a hydrogen
storage system, represented by three metal hydride canisters of 200 S| each, that can stra H
maximum pressure of 10 bar, and finally by a-beift thermal conditioning system, represented by a
closed water cooling circuit The test bench monitoring system has been realized in LabVIEVIM
environment and is based on National InstruméMtinstrumentation, while to provide the optimized
control of the thermal conditioning system it was choosen to run a numerical model inudirs™ Real
Timetarget machinewith the mainphysicalquantitiesacquiredasinput parameters.
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Figurel: Experimentaket-up andcurrentlayoutof the system

Results:

Thepreliminaryexperimentalinvestigationson the proposedsystemallowedto mapovertime the surface
thermal profile of the cylinders for different temperature values of the cooling water (Fig. 2), storage
pressure and hydrogen filling/emptying flow rate. These measurements represent the starting point to
monitor the energy pedrmance and roundrip efficiency of the hydrogen production and storage chain
by meansf MHtechnology.

Temperature [*C)]
Temperature [°C]

1000 2000 3000 4000 5000 BO0O0 7000 ‘: 200 400 600 BO 1000 1200
Timestep [#] Timestep [#]

a) b)
Figure2: Preliminaryresults:surfacetemperaturebehaviorat the top, middle and bottom of the canister
duringthe a) absorptionandb) desorgion phaseswith a coolingwater set-point temperatureof 22°C
Conclusions:
This paper aims to present an experimental test bench for the characterization of green hydrogen storage
systems by means of metal hydride (MH) canisters. This approach will @allewaluate the energy
performance of the system and the hydrogen storage efficiency as a function of its thermal behaviour
duringthe phases ofibsorption anddesorptionwith the aim of optimizingthermalmanagement.
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Abstract
Introduction:
Underground Hydrogen Storage (UHS) simulations have emerged as a critical tool in
understandingand optimizing the largescale seasonalstorage of hydrogen for various
applications. As a clean and sustainable energy carrier, hydrogen plays a pivotal role in
replacing fossil fuels and reducing greenhouse gas emissions. However, the challenge lies in
effectively and securely storing large quantities of hydrogen for longtauns, in complex
geologicakettings, whicmecessitates advancesimulationtechniques.
Advancementsin computational modeling and simulation have enabled researchersto
investigate UHS systemsin a comprehensiveand costeffective manner. By simulating
different storage scenarios and analyzing various parameters, such as geological formations,
types of storage reservoirs, and operating conditions, scientists can evaluate the suitability
and performanceof UHSoptions.
These simulations provide valuablesights into the behavior and dynamics of hydrogen
within porousrockformations,saltcavernspr depletedhydrocarbonreservoirs Bymapping
the movementof hydrogenand predictingits behaviorundervaryingpressure femperature,
and composition conditions, researcherscan identify potential risks, optimize storage
efficiency,and ensurehe safeandreliableoperationof UHSsystemd1,2].
Moreover, UHS simulations offer a platform to study potential challengesand develop
strategies to mitigate them.hiis includes investigating issues related to hydrogen leakage,
migration, or interaction with surrounding materials (geochemical and microbial reactions,
geomechanical phenomena), as well as optimizing injection and withdrawal strategies to
ensure seamlesgansportation and utilization. Additionally, simulations enable researchers
to assessthe overall environmental impact and potential risks associatedwith UHS,
facilitatingthe developmenbf robustregulatoryframeworksand safetyguidelineq3].
Objectves:
Theobjectiveisto developa straightforwardbenchmarkmodelthat canbe appliedto various
realfield-scalereservoircasestudies.Thisapproachrequiresadjustingthe characteristicand
parametersof newreservoirs tdit the specific conditions
Material and methods:
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The simulation involved the utilization of various models and modules within the COMSOL
Multiphysics software. Due to the complexity of simulating hydrogen behavior in
underground storage, the coupling of phase transport in pormexlia, Darcy's law, and
transport ofconcentratedspecies irporous media was necessary.

For the reservoir and wellbore, a simple geometry was adopted. It consisted of a cylindrical
shape witha specifiedadius,with a centralline representing the wellbre.

The simulation accounted for two phases: gas and liquid. The gas phase comprised different
gases within the porous medium, characterized by given porosity and permeability. Starting
from initial values a transientsimulationspanning several daygasperformed.

Results:

A preliminaryresult of gasvolumefraction and pressureof the gasin the reservoiris shown

in the contoursbelow. Thetime spanfor the simulation isLO0 days.

Figure6 Contourf reservoirafter injectionof hydrogenfor 100days A)gasvolumefraction(left) B) Gaspressurgright)

Conclusions:

More detailedresultsand conclusiorwill be availablein the full paper.

Acknowledgment:

Thiswork hasbeendoneasa part of HyUSPRprojectwhichis co-fundedby EuropeariJnion,
through the Fuel Cells and Hydrogen 2 Joint Undertaking under grant agreement No
101006632ThisJointUndertakingeceivesupportfrom the Europear] y A 2Hgri@ain2020
research and innovation programme, Hydrogen Europe and Hydrogen Europe Research. The
authors acknowledgehe support ofthe involvedinstitutions.

References:

[1] HogewegS.,Strobel,G. & HagemannB. Benchmarkstudyfor the simulationof

Underground HydrogeBtorageoperations.ComputGeosck6, 136¢1378(2022).

[2] Yousefi, H., 2021. Design considerations for developing an underground hydrogen storage

facility in porous reservoirs

[3] Ghasemi, M., Omrani, S., Mahmoodpour, S., & Zhou, T. (2022). Molecular dynamics
simulation of hydrogen diffusion in water-saturated clay minerals; implications for
Undergound Hydrogen Storage (UHS). International Journal of Hydrogen Energy, 47(59),
2487124885.

EFC2&uropearfFuelCellandHydrogen2023¢ Capri/ Italyg Septemberl3th-15th



European Fuel Cells
and Hydrogen

PIERO LUNGHI CONFERENCE September 13th-15th 2023
‘ ‘ Capri / Italy

Thermal management strategies for a higdpacity H2 stationary
storagesystemwith metal hydridetanks

Gabriele Scarpat® GiovannDi Ilio?, Elio Jannefli

* correspondingauthor: gabriele.scarpatiO01@studenti.uniparthenope.it
aUniversityof Naplesd t | NI K Sy 2 LIS ¢

Keywords: Design of thermal management systems, Hydrogen storage for statepaications,
Numericalmodellingof absorption/desorptiorprocessedyietal hydrides

Objectives: In this study, severalayout configurationsand thermal managementstrategiesare
analysedto comparetheir effectsonthe absorptionanddesorptionprocessef a metal hydridetank

for hydrogen storage in stationary applications. The storage system is designed with a modular
approachwhereeachmoduleconsistf a cylindricalelement,to providea hydrogencapacityof 250

kg at low nominal pressure-(30 bar), such that the system can be placed inside a 20 feet container,
thus makingit transportableandscalable.

Material and methods: Theanalysids carriedout through2Dnumericalmodellingandsimulationon
COMSOL Multiphysics (v. 5.6). The matesgdected is the Hydralloy C5® [1]. First, the kinetic and
equilibrium pressure models are validated with experimental data reported in the literatu4.[2
Afterwards, a parametric analysis is conducted to determine a suitable size for the single module
Finally, different thermal management strategies are considered, including internal/external
natural/forced convection with air and water in single and matiannels configurations, addition of
expanded natural graphite (ENG) powder into the metal lgjriand conductive heat transfer by
transversahluminium rodsin Tablel the list of the differentimplementedstrategiess reported.

Table 17 List of the thermal management configurations.

Hy inlet Convection Exernal fluid | Internalfluid Channelsonfig. .
Case Axial ) ) _ ) Aluminium ENG
ID Base channel Natural | Forced | Air Water | Air Water | None | Single | Multiple rods
01 n n n n
02 n n n n
03 n n n n
04 n n n n n
05 n n n n
06 n n n n n
07 n n n n n
08 n n n n n
09 n n n n n n
10 |n n n n n n

The reference testases consider 10 mites of charging or discharging processes, by imposing an
initial temperatureof 303.15Kanda pressureof 300r 1 bar, respectively.Hydrogens assumedo be
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carried from (hydrogenation) or out (dehydrogenation) the base of the cylinder or from an axial
channel(in the latter casethe convectioreffectistaken intoconsideration).

Results Averageandmaximumtemperature,aswell aspressureandconcentrationprofilesovertime

are obtained for the different cases and compared. Figure 1 shows theetetype field at the end

of the hydrogenatiorprocessandthe averaggemperatureprofile, for aspecificcase asanillustrative
exampleIngeneralthe influenceof the hydrogeninlet strategyisfoundto be negligible Onthe other

hand, the introdudibn of a small quantity (5 wt.%) of ENG is very effective in the reduction of the
temperature peaks and the increase of the amount of absorbed or desorbed hydrogen. In terms of
costbenefit balance, the best configuration for the module is made by a @&/dimdth single axial
channel, whose size is: 200 cm height, 44 cm external diameter and 20 cm internal diameter; both
inside the channel and outside the external walls of the tank are exposed to the forced convection of
air and 5 wt.% of ENG is added te thlloy. In this case, 20 modules are needed to meet the 250 kg
hydrogencapacityof the storagesystem.

Time=600 s Surface: Temperature (K) T
. r 385+ ©
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Fingre 77 ;I;emperature plbt for case 9 at Figure 8 1 Average temperature vs time for
t=600s. case 9.

ConclusionsAccordingo the results,akeyfactortowardsan effectivethermalmanagemenstrategy

is the addition of a high conductive material to the alloy. Moreover, slender cylinders with a single
channel allow to make the thermal management more effective. Finally, the simultaneous
implementation of multiple strategies takes to very good results, especially in terms of maximum
capacitywhile the reductionof the averageand maximumtemperature peaks ikssevident.

Acknowledgment
t NEISGG2 thw /YL YA CWMetal Heridesbased drogen stbrage tora h { ¢ ¢
MObileand STationary applications

References

[1] G.Capursoet al. Appl.Phys A122,236(2016),d0i:10.1007/s0033D16-9771-x

[2] M. Ron,J.AlloysCompd. 283,178191(1999),d0i:10.1016/S0928388(98)0085%

[3] V.M. SkripnyukM. Ron,J.AlloysCompd. 293;295,385-390(1999),d0i:10.1016/S0928388(99)00378

[4] K.Herbrig,et al., Int. J.Hydrog.Energy38,7026-7036(2013),doi:10.1016/j.jjhydene.2013.03.104
EFC2&uropearfFuelCellandHydrogen2023¢ Capri/ Italyg Septemberl3th-15th



European Fuel Cells
J and Hydrogen

PIERO LUNGHI CONFERENCE September 13th-15th 2023
‘ ‘ Capri / Italy

Aninnovativeinfraredthermalimagingmethodfor hydrogenleakage
detectionin PEMfuel cells

M. Totar®, G. Risitan® D.F.Santonocit8, O.Barber&, G. Giacoppd*

* correspondingauthor: giacoppo@itae.cnr.it
aConsiglio Nazionale delle Ricerahistitut2 RA ¢ SOy 2t 23AS 1 gLyl 4GS
DA 2 NR I VIBAE Vi $alivs5. LucimopraContesse5 98126MessinaVIE
b Universita deglBtudi di Messindipartimento di Ingegnerig C.da di Dio 98158 S. Agata
MessinaME

Abstract
Introduction: Fuel clls sealing systems and gaskets are prone to degradation due to their polymeric

nature. The extreme environment in the fuel cells can cause the change of chemical and mechanical
propertiesof the fuel cellgaskef1]. Sealindailure in a fuel cell canhawe detrimental effectsnot only

on the efficiency but also can compromise the safety of the system operation. Due to the progressive
diffusion of fuel cell technologies especially in the automotive industry, the application of hydrogen
leakage diagnosis miedds is essential for the safe operation of proton exchange membrane fuel cell
systems. In the last years, special attention to the detection of hydrogen leakage was paid. Localizing
the leakage is fundamental not only for diagnostic and safety purposesldémifor maintenance and
repairing aspects that are preliminary to the full stack disassembly. Previous studies showed that IR
thermography(IRT) hasbeenusedto revealfuel cell MEAdefectsdue to manufacturingor operating
conditions [1],[2]. In [3] Benderet al. employed IRT to highlight MEA degradation caused by
acceleratecstresstests (ASTs)hrougha specificdevicethey developed Ashgaret al. [4], adoptedIR

T to detect internal crossover in a damaged fuel cell stack and find the lealolcdato the best of

our knowledge, there has been a lack of scientific literature dealing with the useTotdReveal
externalhydrogen leakagérom a fuelcell.

Objectives/novelty:In this work, a novel approach usingTRor detecting hydrogen leaga from a

fuel cell with failed gasket was developed. The proposed method can provide information about the
leak location in a fuel cell stack cell and correlate the measured temperature at the leak source with
the hydrogen leakate.

Materials and Methods A Green Light G70 test station was used for operating the fuel cell and
controlling the temperature and flow rate of hydrogen and nitrogen provided at the anode side. The
singlecellhasan activeareaof 50 cm? with a parallelserpentineflow field andusesTeflonasa gasket
material. As the performed tests are intended to investigate the leakage outside the cell, the MEA is
used as a separator only. A thermal camera FLIR SC640 placed in front of the station was adopted for
IRT analysis. An active theal tracer was placed above the cell, and it is used to reveal the gas
leakage. The active tracer is made of carbon paper sprayed with catalyst ink on one side, with the
samewidth asthe test cell. Toinducethe externalleakageat the anodeside the correspondenigasket

was trimmed in the middle while the cathodic was left integer and assembled with the MEA. The
assembled cell was then fed with a mixture of nitrogen and hydrogen at the anode (958%N22)
andthe temperature distributioron the thermaltracer surfaceywasmeasuredoy thelRcamera.
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Results:If the cell is operated with nitrogen at ambient temperature, the thermal tracer is unable to

reveal gas leakage from the cell. Otherwise, if the cell is fed with thel2gixture, the hydrogen

reads with the ambient air onto the activated surface of the tracer. The reaction produces heat that

Aada OF LWidzZNBR o6& GKS GKSNXYIf OF YSNI® ¢KS (GSYLISNI @
which the is maximum at the tracer base close to the leak@® and decreases along the thermal

0N OSNDR& KSAIKG gKSNBE (GKS KeRNRISYy O2yOSYdNI A2,y
tracer, the temperature starts from the ambient temperature and reaches the maximum where it is
locatedthe gasketdefect, andthen suddenlyreducesto the ambienttemperatureagain.Fig.2 a)and

b) show that there is a direct correlation between the hydrogen leak rate and the maximum

temperature in the defect location. As the total flow rate is changed from 50 to 75 mithe@n

maximum temperature increases accordingly from 65°C to 110°C indicating more heat is released by

the chemical reaction. Fig. 2c shows the temperature profile along the length of a line placed on the

edge between the thermal tracer and the cell. Theperature peak is greater with the highest leak

flow rate,while the peakwidth doesnot changesignificantlywith the leakagédlow rate.

Conclusions A new approach that uses InfRed Thermography has been developed for revealing
external hydrogen leaka&gin a fuel cell with damaged gaskets. The developed method can provide
the position of the hydrogen leak in a fuel cell and correlate the leak rate with the maximum
temperature recorded. The easiness of application and the extreme practicality in use,this
methodto be used for detectindiydrogen leakérom fuel cellstacksor piping.

g 5 tracer width (mm)

a) b) )

Fig. 2 a) IR image of the hydrogen leakage on the thermal tracer at 50 and 75 ml/min b), c) temperature profile
along the thermal tracer width.
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Abstract: In order to achieve a drastic emissionsreduction as dictated by different international
agreements, it is mandatory to reduce the fossil fuel dependence. One way to obtain this aim consists in
vary the electricity production through an energy mix derived by renewable energy sources. In particular,
buildings require a significant share of energy: thus, achieving-aaretenergy buildings is an ambitious

yet crucial task towards the reductiorf the global greenhouse gas emissions in the near future. In this
context, this study presents a novel hybrid renewable energy system for residential buildings: the system
is integrated with a battery pack (BP), an Electrolyzer (EL), a PEM Fuel Cell) (@&Vi-Betal hydride
tankfor low-pressurehydrogenstorage(MH); the electricalenergyis producedfrom aphotovoltaicsystem

(PV) whose size is defined according to the available area on the roof of the selected building. The system
isdesignedyfollowinga parametricapproachwherethe sizeof eachcomponentisvariedin orderto find

a nearoptimal configuration in terms of energy saving. Thus, a proper energy management strategy is
proposedandthe systemoperationisassessedbr aselectedresidential environmenttest-case.

Introduction: Becausef the discontinuousenergyproduction,energystorageor abackuppower system

is needed for photovoltaic systems. Batteries can be used for daily storage but for seasonal storage this
technology is not actical because of the low storage capacity and the high cost. Storing energy in the
form of hydrogen is a possible solution for both daily and seasonal storage. Modelingehf Bxrogen
system is important for their planning and control strategies iangn applications such as residential
heating and electricity production. Besides these, PEM types can be efficiently coupledeaaration
systemgdueto their smallsize highpower productioncapabilitiesandhighefficienciesUsingPEMFhot

water and/or vapor can also be utilized for household applications such as the Domestic Hot Water
demand.

Objectives:Themainobjectiveof this studyisto designareliableandefficientsolahydridenergysystem

based on hydrogen as an energy carrier, faetsufficient residential building. That is, an energy and
economic analysis is conducted in this work to assess the actual feasibility and the potential of a system
integrating a PV field with hydrogen technologies to supply the whole energy demandesidantial
building located in a southern Italy. In particular, the hydrogen storage is made of a metal hydride tank
operating at lowpressure, and its thermal management requirements are accounted for. Moreover, a
reversible heat pump is assumed to pide cooling and heating demand, while the domestic hot water
(DHW)is producedby exploitingthe wasteheat producedby fuel cellandelectrolyzerduringoperation.in

this scenarioall the utilities requestsuchaselectricalenergy heating/coolingand DHW couldbe satisfied

by the system. The conceived system allows the users to reduce the electrical energy withdrawiting from
grid while, at the same time, making possible to sell the exceeding amount of electricity produbed to
grid, thusalleviating costsandimprovingenergy efficiency.

EFC2&uropearfFuelCellandHydrogen2023¢ Capri/ Italyg Septemberl3th-15th


mailto:elio.simeoni001@studenti.uniparthenope.it

European Fuel Cells
and Hydrogen

PIERO LUNGHI CONFERENCE September 13th-15th 2023
‘ ‘ Capri / Italy

Material and methods:The main energy source of the designed system is represented by a PV field;
the produced energy fulfills the utility and, in case of a surplus, energy can be either stored as electrical
energy in the BP or used to produce hydrogen by means of electrolysis. The stored energy in form of
electricityof hydrogencanbe then usedto coverthe lackof producedenergywhensunradiationbecomes
insufficient. In particular, an energy flux control ilodpased on a feedback control on the battery and
hydrogen tank states of charge is implemented to suitably balance the storage system. Moreover, the
wasteheatproducedby FCand ELduringtheir operationisrecoveredandusedto satisfythe DHWrequest

from the utilities. The analysis is referred to the city of Naples, Italy, over a period of a year. The system is
modeled and simulated in MATLAB environment. The FC and the EL are modeled by means of normalized
realistic power/consumption curves, while B8P model is used, rather an average constant efficiency is
considered to take into account of its energy loss during charging/discharging. The analysis is carried out
by evaluatingthe energyandeconomicperformanceof the systemfor arangeof FCand ELsizeswhile the
BPcapacityis pre-determinedbasingon the electricalenergy demanaf the buildingfor two days.

Results:In the following Figure, the power profiles for the main energy system components over three
representative days are shown, as illastrative example, for the specific case where the size of the PV
plantissetto 18 kW, while EL anBC havd.0 kWand 4kW of nominalpower, respectively.

Next,the hydrogenandbattery statesof charge are showfor the samecaseovera 1-yearperiod.

| [ (e R A R
L L e L L !"bv,““"“"&\““‘ "”n “1\‘ (it ‘

Different optimization parametersare assessedsuch as: griddependency,average cost for energy,
domestic hot water production. As a main finding from the study, a-o@timal configuration of FC, EL
and PV idoundwhichminimizes the grislependency.

ConclusionsA solar energy system integrating batteries and hydrogen technologies for the esugmgy
of aresidentiabuildingisassessethroughoutthis study. Theresultsshowthat the implementationof such
a system in an urban district scaimmade of grieinteractive buildings may provide significdrgnefit in
term of cost of electricity and environmental pollution, towards the development of a sraffitjent,
energy community.
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Abstract

Introduction:

Proton Exchange Membrane Fuel Cells (REMFepresent a promising choice for the energy
system for the next generation of headyty vehicles (HDVs) because they ensure long driving
rangesguickstart-up and, mostimportantly, do not emit pollutants.However PEMFCgenerally
operate in the tenperature range of 6@ 80 °C, which leads to cumbersome cooling system in
HDVsToimprovethis aspecta higheroperatingtemperaturerangeis desirablethe intermediate
temperature range (IT), 8Q 120 °C [1]. There is limited literature available on owmercial
materialsoperatedat ITandmoreresearchis requiredin this field. In particular,there is a lackof
information on the hydrogen crossoverbehaviour when a differential pressure acrossthe
membrane isapplied,whichis atypicalconditionusedin transportationapplications.

Objectives:

In this work, the hydrogen crossover of a PEMFC is investigattliin the IT range and for a
wide range of relative humidity (RH) conditions. Symmetric and asymmetric pressure
configurations are compared tquantify the impact of hydrogen crossover as a function of its
concentration and the differential pressure across the membrane. Results are then modelled to
extractgeneral trends andifferent commerciaimaterials arecompared.

Material and methods:

Nafion-based catalyst coated membranes (CCMs) with reinforcement (Nafion HP) and without
reinforcement (Nafion 211)are preparedby spraying.The membrane electrodeassemblies
(MEAsyndSigrace9 BCGDLsare assembledn a0.95cn? fuel cell,connectedto the setupand
heated as described in [2]. To quantify the hydrogen crossover, linear sweep voltammetry is
employed in different pressure configurations when using hydrogen on one side of the cell and
inert gas on the other side. A systematic approach iglws®l three configurations are tested:
both sidesare graduallysymmetricallypressurizedred curves) only the hydrogensideis
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gradually pressurized, while the inert gas side is at ambient pressure (blue curves) and the
hydrogen side is pressurizedby progressivelydiluting the gas stream with the purpose of

maintaining the same hydrogen partial pressure, while the inert gas side is unchanged (black
curves).

—X—Naﬁon HP
18 - A -Nafion 211

T=120 °C, RH =40 %

Hydrogen crossover / mA cm -2
3 B ® 3
;

L . . .
100 150 200 250 300 350
Total hydrogen side pressure / kPa

Results:

As shown in the figure, the hydrogen crossover is highly dependent on the pressutiiatn
applied. As expected, the case on which only the hydrogen side is pressurized resultsghédisé
crossover given the differential pressure across the membrane and the high hydrogen
concentration gradient. Lower crossoveris measuredat ambient pressurefor Nafion 211
compared to Nafion HP. The temperature and relative humidity have a smaller influence on
hydrogencrossoveicompared tothe gaspressures.

Conclusions:

Bysystematicallygtudyinghydrogencrossovein the ITrangefor awide RHintervalandpressures,

it is possible to shed light on which operating condition contributes the most to the crossover of
hydrogen in a PEMFC. The use of commercial materials and realistic operating conditidhis links
work directlyto the applicationsand canbe usefulto carefullychoosethe conditionsat whichthe

fuel cellshouldoperate.
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Introduction

HighTemperature Proton Exchange Membrane Fuel Cell (HTREMs a type of fuel cell that operates at
elevatedtemperaturestypicallybetween120°Cand200°CHTPEMFCoffer severaladvantage®vertraditional
low-temperaturePEMFCsThehighoperatingtemperatureallowsfor more efficient electrochemicateactions

[Yland improves fuel tolerandd. HTPEMFCs are also more resistant to carbon monoxide poiggpnimich isan

issue in lowtemperature fuel cells™). A polymer commonly used as a PEM material in HFPEM is
polybenzimidazole (PBI, Fig.1) which has excellent chemical and thermal stability and is able to withstand the
harshacidenvironmentof the fuel cellwhile maintainingits integrity overlong periodsof operation.

Figurel ¢ PBIlchemicalktructure
In order to enhance its proton conductivity, PBI membranes are usually doped with phosphoric acid. The acid
serves as a proton carrier, facilitagithe hopping of protons within the membrane, which is crucial for the
functioning of the celffl. However, solutiorcast phosphoric acidoped PBI proton exchange membranes have
some disadvantages that can negatively affect their {targn durability andperformance, including (a) high
acidadsorption,whichcanleadto swellingreducingmechanicabtability I; (b) adifficult productionprocessas
solution casting requires hazardous solvents and careful control of the production and drying proaesses t
achievea uniformthicknesgc) mechanicafragility.
In order to contribute to the development of efficient and durable phosphoric acid doped PBI PEMs with
improved performances, in this contribution we suggest the use of electrospun ones. These ntasplen
membranes could provide several advantages compared to those obtained by solvent casting. In particular,
electrospinning could allow precise control of membrane morphology and thickness: by adjusting parameters
such as polymer concentration, softéi O2 YLI2aAGA2y S |yR St SOUNRBALAYYAYy3I
diameter, pore size, and overall structure can be tailored to specific requirements. Moreover, electrospun
membranescould in principle offer a significantly larger surface area comparedto conventional casting
methods, thus facilitating the impregnation and retention of phosphoric acid, which is essential for the proton
conduction mechanism. Finally, electrospinning will allow the creation of a highly interconnected network
ultrafine fibres, typicallyin the nanometrerange!. Thiswill resultin a highsurfaceareato-volumeratio, which
will promote efficient proton conduction through the membrane. This morphology will also result in improved
mechanicapropertiesof the material, asthe fibrous structurewe aimto producewith alignedand/or
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interconnected fibres, will provide high tensile strength and good flexibility, ensuring the integrity of the
membraneduringoperation.

Objectiveand methods

Themain purposeof thiswork isto obtain nanofibersbasedPBImembraneghroughelectrospinningechnique

by identifyingthe main parameters foobtainingcontinuousfibreswith controlledmorphology.

Resultsand conclusions

Startingfrom acommerciaPBlsolution(S26 PBIProduct©, Chatotte, US) severalbpolymersolutionshavebeen
obtained at different concentrations by dilution in dimethylacetamide (DMAc). The modulation of operating
parameterssuchasvoltage,flow rate, needlecollectordistance temperature,andrelative humidity (RH)made

it possibleto obtain severalmembranespecimenswhosemorphologywasstudiedby SEM(Fig.2).

= Temperature

Humidity =

Figure 2¢ Nano fibrous structure evolution by varying temperature and humidity (SEM analysis): a) V= 20kV;
T=35°CRH=36% b) V=15kV;T=35°CRH=25% c) V=20kV; T=40 °C;RH=26%- d) V=20kV; T=40°C;RH=25%

Theperformedtests,despitebeingverypreliminary,alreadyshowthe influenceof the of the exploredoperating
parameters on the structure of the membrane. As a matter of fact, it is pesgibhote a strong correlation
between the morphological characteristics of the membranes and the temperature and humidity at which the
experiment was conducted. At room temperature (20°C) and humidity (30%), PBI does not present a well
defined fibrous stucture, indeed, the polymer chains are agglomerated in clusters due to poor evaporation of
the solvent.Instead testscarriedout at highertemperatures(between35and40 °C)andvariablehumidity (20-
26%)showan incipientfibrousstructurewith fibre diametersvaryingin the nanometrerange.However,alsoin

this case, a discontinuous structure is evident, which can be attributed to the high viscosity of the polymer
solution and, consequently, the different behaviour of the fluid in the electrificagicocess. Hence, increasing
temperature and varying humidity allow the obtainment of a fibrous structure, which can be further improved
through optimization of the operating parameters. This optimisation will be performed starting from SEM
micrographs andby using the DOE technique and ANOVA statistical regression. The resulting materials will be
doped with phosphoric acid and their electrochemical properties will be tested by proton conductivity and
impedanceanalysigEIS)comparingtheir performancewith that of commerciallyjusedPBImembranes.
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Introduction

A LowTemperature Proton Exchange Membrane Fuel Cell (LTPEMFC) consists of an anode hadea cat
separated by a PEM. This type of FC uses a proton conductive polymer membrane as electrolyte and operates
at relativelylow temperatures(60-90 °C) by electrochemicallcombininghydrogenfuel and oxygento produce
electricity, water, and heat. Theare known for their high power density, compact size, and quick response to
changes in power demand [1]. Despite perfluorosulfonic acid polymer (Nafias been widely used as a
benchmark material in LTPEMFCs due to its excellent properties, [2] therengioing efforts to develop
alternative PEM with improved performance, lower cost, and enhanced durability. In this contribution we
propose new polyvinyl alcohol (PVA, Fig.1a) based membranes crosslinked with an alternative sulfonating
crosslinking agenthe 5-Sulfoisophthalic acid monosodium salt (sSSPTA, Fig.1b), characterized by good proton
conductivityandwater managementogetherwith goodmechanicaproperties,andthermal stability.[3]

9 (0]
Na0—§
0]

HOn HO™ 0

Figurel ¢ (a) PVAand(b) 5-Sulfoisophthali@cidmonosodium salt.

OH

Aim
In this work, our goal is to find new polymeric materials characterized by a whole range of properties for the
developmentof innovativeprotonic membraneghat canbe usedin LTPEMFGs placeof Nafiorf

Methods

Crosslinkednd sulfonatedfilms were castfrom aqueoussolutionsof commercialPVAsampleswith different
molecular masseanddifferent sSSPTAo PVA conten{10%- 40%wt) accordingo the followingscheme:
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PVA solutions
were heated at

. of SSPTA A )

2omioro || Mesoutons || coiiion s PUAISSPTA 60°C lo g the
was addedto 1 g heated until the added dropwise solutions were thepsolvent to
PVA to obtain complete atR.T., poured into a 10 obtain 100 um
5%wt PVA dissoluption of followed by cm diameter tick films thuen
solutions. PVA stirring the petridish. reticulafed at

. solutions for 4 120 °C for 30

h.

min.

The obtained sampleswere characterizedfrom a structural point of view by WAXD,TGA,and FFIR and by
determiningwater uptake(WU),and ion exchangeapacity(IEC).

Results

Fig.2ashowslECraluesof the sulfonatedPVAmembranesasafunctionof sSSPTAontent, suggestingsexpected

that IEC of the membrarsestrongly increases with the amount of sulfonic group. Fig.2b shows that WU values
of the membranesarerelativelyconstantwith the increasein weight of sSSPTAnoreover,the newly developed
PVAfilmsdo not dissolvan water, a signthat crosslinkindhas been successful.

1.2- 120 4

114

10: ¢

0.9-

=082

?g 07 105 }
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0057
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03:
0.2
01: ¢ 5
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20 30
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Figure2 ¢ (a) IECand (b) WU valuesof the sulforated PVAmembranesasa function of sSSPT&Aontent.

Conclusions

Crosslinked proton exchange PVA/sSPTA membranes were successfully obtained by solvent casting ready to be
usedin fuel cells.Preliminaryresultsshowthat the electrochemicahndphysicalpropertiesof thesemembranes

seem to be significantly enhanced with increasing the concentration of the crosslinking agent. In particular, the
sulphonated membrane is more thermally stable than the 1soifonated one. IEC of the sulfonated PVA
membranes inaases with the amount of sSSPTA up to 0.99 meqg/g in the case of the sample with 40 % wt of

a{te! HgKSNBlLaA 2! Aa Oz2yaidlyd 6FmMnmE:0d CdzNIKSNI) adGdzRAS:
mechanicapropertiesof the developed membranes.
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Introduction:

Nowadays, the need for clean and efficient alternatives to fossil fuels is increasingly evident. Fuel Cells (FC) are
one of the most promising electrochemical devices able to produce electrical and thermal energy. Among the
different types of cells, Solidx@le Fuel Cells (SOFCs) operate at high temperatures, have high conversion
efficiencies and can be fed with different kinds of fuels, including cart@ased ones, which makes them suitabbe
generatingstationary electricapowerand heat [1,2,3].

Objedives:
Themainobjectivein thisinvestigationisthe developmentof a suitablefitting tool for different SOFC¢o obtain
information of the singleelectrodestartingof the acquisitionfrom the whole system.

Material and methods:

In this work a semémpirical electrochemical polarization model based on fitting of experimentalcurves is
presented. The empirical parameters of the model are extrapolated via fitting of experimental datasets of two
different anodesupportedbutton cell, where obtainedat different temperatures(rangesfrom 650°Cto 700°C

and from 700 °C to 800 °C according to the cell design) and with different hydrogen concentrations as fuel gas
(ranges fromL0-15%to 90%).

Utilizingtwo different approximationsof the Butler-Volmerequationappliedon experimentaldata of the whole

FC system it has been possible to determine the numerical values for kinetic parameters of the polarization
model suchasthe exchangecurrent density activation energyand limit currents. Finally,from the empirical
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parametervalues,an estimationof the mostprobablereactionmechanismg¢4,5] occurringin the cellshasbeen
performed on the basis of the charge transfer coefficients determination, allowing also to calculate coherent
kineticsparametersal for thesingleelectrodes.

Results:

Fromthe resultsthe obtainedexchangeurrentdensitieg6] rangesfrom 0.018to 0.048A/cm2for O2reduction
andfrom 0.033to 0.6 A/cm2for H2oxidationand subsequentlythe activationenergieq 7] with arangefrom 60
to 66 kJ/molandfrom 100to 120kJ/molfor anodicand cathodicelectrochemicaprocessesespectively.

Acriticalcomparisorof the resultsobtainedwasperformedin order to identify the effect of different hydrogen

and temperature conditions, asell as the effect of different cell characteristics on their electrochemical
processes, catalytic activity and mass transfer phenomena within the electrodes, which are reflected in the
kinetic parameters obtained. The estimation of such parameters canligiigtcriticisms related to the cell
electrochemical processes and help address possible solutions for obtaining an effective improvement of SOFC
performance.

Conclusions:

The presented study made it possible to develop a new analysis method for sal&lfozl cells. The results
obtainedarein line with thosefound in literature and provethe correctnesf the modeldeveloped.Thegreat
innovationliesin beingableto deriveinformationonindividualcellcomponentsrom informationon the system
asawhole.
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Abstract

Flooding and dehydration considerably impact power performance and stability in proton
exchange membrane fuel cells (PEMFCs). The GDL (gas diffusion layer) plays an important
role in enabling reactant gas transpao the electrode and removing product water from

the electrochemical reaction sites. GDLs come in different shapes to suit various PEMFCs,
however, the GDL structural shape influence on internal water transport performance
remains uncertain. Here, we sty this, by comparing straight and curved GDLs. Straight and
curved GDLs are reconstructed, using the same threpighe fiber diameter, porosity
distribution, domain size and PSD (pore size distribution). The liquid transport through the
straight and cured GDL and the assembled GCs (gas channels) is then simulated with the
VOF (volum®f-fluid) approach in OpenFOAM 7.0. The results indicates that the capillary
pressure and total water saturation in straight and curved GDLs are similar, while the liquid
breakthroughlocationsandthrough-planelocalwater saturationleveldiffer considerably.
Additionally, the GC variation in water saturation displays a with time increasing difference.
For straighifiber GDL, larger water slugs, located in the corner ofttipeand side surfaces

of the GC, are observed for a later simulation time. For a cufibed GDL more separated
droplets in the GC domain are observed, which flow out of the GC at a faster speed
comparedwith the slugfor straightfibres.
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Figure 1: e time-varying water transport for straight and curved GDL fibers using 3D scalar clip plots,
focusingon volumefractionslargerthan 0.5. Thetime scale inthe figureis second Both casesexhibitesa
similarwater breakthroughtimestep, but with substantially different breakthroughpositions.
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Ejectordesignfor fuel cellandassessmenbn its scalability

C. Antetomasd A. Irimescy S. S. MerofaB. M. Vagliecp S. Di Miccy E. Janneli

2CNR STEMBaples taly
b University ofNaplesd t | NJi K Sy » lgfiyf Sa >

Introduction

The commonly used layout for Proton Exchange Membrane Fuel Cells (PEMFC) involves the use of a
NBOANDdzZ | A2y OANDdZAG F2N GKS Fy2RA0 3L a GKIG RA
(CL)pfthe membrane For this purpose the ejectorpresentitself asaninterestingtechnology:in spite

to a pump, it has no moving parts and does not require power to work, thus increasing the overall
efficiency of the cell. On the other hand, ejectors are really sensitiVeaith changes and require an
attentive design process.Nozzle diameter and position, convergentand divergent angle, ratio
betweennozzleandmixingchamberdiameterare someof the projectparametersvhoseoptimisation

usually proceed by trial and erroiim of this work is to develop and validate a 3D CFD model for an
ejector of a 5000 W PEMFC and then design three new geometries to be coupled with a 3000 W, a
1000 W and a 300 W cells. Finally, scalability and convenience of an ejector for differenpoiati
requestare assessed.

Methodology

Theejectormodelis developedusingthe commerciakoftware AnsysFLUENZ023R1.Thedataused

for the validationphasecamefrom Nikiforowet al.[1], who reportedthe primaryandsecondaryflow

for an ejector under several operative conditions. Table 1 reports consideredcasesfor model
validation phase, while Figure 1 shows the comparison between experimental data and simulations
results.Thedesignphaseof the other ejectorsstartedfrom the basegeometrydescribedby Nikiforow
andfollowed somed NJidf(i K dzY 6 & ¢  tybtRet SRudieS R,3,4].

Table 1. Case simulated during model . .
100803 A —W Primary sim

validation o e
8.00E04 K—®— Secondarysim

Primary | Recirculation| Outlet ) ® Secondaryexp
Case| pressure pressure pressure 2 60004 ~e--9

[barg] [barg] [barg] =

1 1,0 0,5 0,5 % 4.00E04

2 2,0 0,5 0,5 @ _-w-4

3 3.0 05 05 € 2.00E04 _m--

4 4,0 0,5 0,5 0.00E+00

5 5,0 0,5 0,5 0 1 2 3 4 5 6 7

6 6,0 05 0,5

Figure 1. Comparison of primary and secondary flow
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Themaindifference lay®n the nozzlediameter,that canbe evaluatedusingthe followingformula:

r+1

G 2 n Lo 2 %

.,Q:éz“z(z) N FZ.YZ.,Y)Z(Hl) Q)

a

whered o isthe maximun hydrogenmassflow, 6 isthe dischargecoefficient,O; isthe nozzleoutlet
diameter, R is the maximum primary pressure;s the isentropic expansion factdl, is the molar
weight of hydrogenyYis the gas constant andg is the temperatureat primary inlet. Other design
parameters are calculated as function of nozzle diameter. Calculation led to choosing 0,4 mm, 0,25
mm and0,1mmasnozzlediameterfor the 3000W, the 1000W andthe 300W cellrespectivelyTable

2 showsthe maindimensiors used irejectors design.

Table 2. Ejectors design parameters

Nozzle Mixing Mixing | Nozzle X| Diffuser | Diffuser
Ejector diameter section section | position outlet Angle
[mm] diameter length [mm] diameter [°]
[mm] [mm] [mm]
5000W [1] 0,50 2,0 16,0 1,8 100 5,0
3000W 0,40 1,6 9,6 1,6 8,0 5,0
1000W 0,25 1,0 6,0 1,0 5,0 5,0
300W 0,10 0,4 2,4 0,4 2,0 5,0
Conclusions

The 3D CFD model of an ejector for a 5000 W PEMFC system has been validated with and it has been
used as starting point for the design af 3000 W, a 1000 W and a 300 W PEMFC anodic gas
recirculationsystem With the aimto providean efficientandcostsavingsolutionrealizedthrough3D

printing, it is possible to assert that 108000 W represents the lower feasibility limit: the used
methodology suggests that, as smaller energetic system (and thus reduced mass flow rate) are
considered, the dimension of nozzle start to approach values that require particular and expensive
machininglnthis context,evaluatingoperativeconditionsandneedsof the selectedenergeticsystem
isfundamentalto choose the bestlternativebetweenpumps,ejectorsandno-recirculationsetup.
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Abstract

Ammonia is a promising hydrogdémased energy vector. In the HiPOwAR project, an innovative system is
developed, based on oxgombustion of ammonia in a membrane reactor and expansion of the obtained
nitrogen-steammixture. Thesystemcombineshightemperatureand pressure(typicalof gasturbines)and

large expansion ratio (typical of steam cycles). This work studies the impeshezting, which proves
advantageousyith strongerbenefitsat lower temperature.

Introduction

The need to reduce carbon emissions is driving the research for cleaner sources of energy. In this
framework,storingexcessenewablepowerinto syntheticfuelshasbeenidentified asa necessargtrategy
to decouple generation and use of power in both time and space. Although i¢cognized as the
benchmark clean synthetic fuel, using hydrogen derivatives might reduce storage and transport costs.
Amongthese ammonia(NH) hasthe advantageof zerocarbon emissiongpon oxidation.

The potential use of ammonia as a clean energy vector has driven research towards its use as a fuel in
power generationsystemshoth combustion andfuel celtbased[1,2]. TheHiPavARprojectaimsat using
ammonia in a novel system, which applies -orynbustion by supplying pure oxygen to the oxidation
chamber by means of integrated oxygen transport membranesKggpare 9eft). The oxygen membrane
material primarily consideredis Ba sSb.sCao.sF&20s+ (BSCF)3]. The resulting hot and pressurized
nitrogensteam mixture (about 90%mol.8) is expanded to produce useful work [4]. Liquid water is
recirculatedto moderate the temperaturén the membranereactor(MR).

Ahighsystemefficiencyisexpected combininga highmaximumcycletemperature,dueto the internal
combustion typical of gas turbines, and a large expansion ratio, possibigtmaspheric, as typical of
steam Rankine cycles. Moreovergettechniques used in either cycle can be used to increase the system
efficiency like bladecooling,usuallyimplementedin gasturbinesto increasethe turbine inlet temperature
(TIT)0or bleedingandreheating,which are ofterused insteamRankine cycke

Combustion
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Figure 91 (left) Double capillary oxygen membrane used within the membrane reactor to deliver pure
oxygerfor ammoniaoxidation; (right) HiPowARsystentonfigurationwith doublereheating schemeA.
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Systemdescription,Methods, and Data

Thepurposeof thisworkisto evaluatethe effectsof reheatingon the efficiencyof the HiPowARSystem.
Figure 9right shows the configuration of the HiPowAR system including a double reheating process.
Ammoniais oxidizedusingpure O; in a seriesof three MRs ,eachcomposedf severatubular membranes.

The hot gasteam mixture is sequentially expanded, down to -stimospheric pressure (0:0.12 bar).
After heat recovery and water condensation, the-g#fs (mainly By is compressedotambient pressure
(#20).Liquidwater (stream#28)isrecovered andised agemperature moderator.

Themodelisimplementedin AspenPlug, assumingeasonablevaluesfor polytropicefficiencyandheat
losses. Two system configurations are investigatedcheme A, the maximum system pressure (streams
#27 and #2) is selectedto guaranteea 10°C pinch-point temperature difference in the ammonia
evaporator, which thus exploits waste heat. In scheme B, the evaporator is removed and liqguid ammonia
issentto the MRsandalargermaximumcycle pressurés employed(50 bar).

Resultsand Discussion
Resultsaare shownin Table2, focusingon systemelectricefficiency(—q)y whichaccountalsofor additional
losstermslike gearboxglectricgeneratorefficiency,andl dzE A f canisukptiSng Q
Themaximumcycletemperaturesignificantlyincreaseshe systemefficiency,asin conventionalpower
generation systems (notthat in the 1350°C case, ceramic materials should be used for the expanders,
sincebladecoolingis not present).SchemeB performsslightlybetter than schemeA, exceptfor the 850°C
case with no reheating, where the minimum system pressure is kept dtd.80 avoid liquid droplets
formation during expansion. In scheme A the design of reactors and expanders is simplified, thanks to the
lower maximum pressure. In all cases, reheating significantly increases the system efficiency due to the
lower irreversbilities related to the introduction of heat in the cycle. The benefits of reheating are more
evident for scheme B due to the larger expansion ratio, which increases the fraction of heat that is
introduced at relatively large temperature. Finally, rehegtia more impactful when the maximum cycle
temperature is lower (cases at 850°C), which is attributed to the larger irreversibility related to the
introduction of heatin the cycle when théY'G$Yelativelylow.

Table2i Effectof reheatingon thesystenelectricefficiencyfor differentturbineinlet temperaturgTIT), for bothscheme andB.

Scheme A SchemeB
Y'goc] Reheating N 6o 6 . b —Q4 Na & a Na 0z —Qu
[bar] M a0 g [bar] [bar] [%]
1350 No 16 0.12 54.1 50 0.1 54.8
1350 Yes 14 0.1 58.8 50 0.1 60.2
850 No 16 0.12 42.1 50 0.3 40.7
850 Yes 14 0.1 48.2 50 0.1 50.2
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Abstract

Introduction: Proton Exchange Membrane Fuel Cells (PEMFCs) are a promising solution for
zeroemission vehicle propulsion owing to their high energy density, low operating
temperature, and high efficiency. The CAMELOTproject brings together 4 2 NX Rmtf S| RA Y
industrial, institutional, and academic partners within the fuel cell industry to improve the

power density of fuel cells by understanding the performance limitations of sihthe-art

(SoAxnd beyondSoAPEMF@nembraneelectrodeassemblies (MEAS).

Objectives: The overall objective of improving PEMFC power densities through increased
understanding of the underlying MEA limitations will be achieved through the following
specificobjective:
Diagrose the fundamental transport properties that limit performancein SoA and
beyondSoAfuel cellcomponentsand MEASs.
Extendaleadingopensourcemodelto enablethe accuratesimulationof SOAMEAsusing
automotivefuel cellgeometries.
Produce MEAs withetitures that have the potential to enable disruptive performance
increasesandto validatethe opensource modefor beyond SOAMEAS.
Propose new beyon&oA MEA designs in automotive fuel cell geometries that address
SoA performance limitations and provide simulation tools that guide rational
development oinew MEAconcepts.

Material and methods:In-depth parametrisation of fuel cell components through extensive
ex-situ and insitu characterisation has been performed to provide input to the modelling
activiies. The two major modelling advances achieved by the CAMELOT project are i) the
improvement of water uptake and transport models, especially concerning-thinaPEMSs,

and ii) extendinga leadingopensourcemodel (FASIFC)to enableaccuratesimulation of
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beyond SoA fuel cell performance and voltage loss breakdown. CAMELOT has developed a
series of beyondSoA fuel cell componentsto ensure that the modelling inputs are
representative of SOA component properties. A series of proton exchange membrahes wi
varying thicknesses were prepared and a range edixexperiments (e.g., dynamic vapor
sorption, water permeability, water uptake and swelling) were carried out to gather water
uptakeandpermeabilitypropertiesfor the water transportmodels.Additionalin-situ fuel cell
characterisation was carried out on a series of catalyst coated membranes (CCMSs) to extract
physical, chemical, and electrochemical propert(esy., exchange current density, Tafel
slope, Ohmic resistance, hydrogen crossover, aadteichemically active surface area, etc.)
important properties of the catalyst and membrane components as inputs to improve the
physicsbasedfuel cell performancemodel.

Results:Significant results from the project to be highlighted in this presentaitiafude the
development of a water transport model with improved description of water uptake and
transportin thin ionomericlayers the developmentof a predictivemodellingframeworkfrom
which we can identify the most important material parametersto reach our MEA
performance targets of 2.7 A/chat >0.67 V with total catalyst loadings <0.08pgmn?, the
development of ultrathin (< 10 pum) proton exchange membranes and -ldtwaloading
cathode catalyst loadings (0.08 pigm?), the development of catgbst coated membranes
(CCMs)with in-plane catalyst and ionomer gradients, and extensive in-situ fuel cell
characterizatiorof the SoA CAMELQOCMs/MEASs.

ConclusionsWithin the CAMELOproject,beyondstate-of-the-art fuel cellcomponentshave

been developd and characterized. The materials properties determined through extensive
characterization have been incorporated into opsource modelling frameworks to further
guide the optimized development of negeneration fuel cell components. Thaodels
developed within CAMELOThave identified the materials properties with the largest
influence on MEA performance and we have made suggestions for reaching the ambitious
fuel cell performance target o2.7 Alcnt at >0.67 V with totalcatalystloadings <0.08
mgedcm?.
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Abstract

Inaninnovativehybridcycle(SOSCQ cycle)the SOF€athodeisfed with highconcentrations

of carbondioxide.Longterm testson applicativesizeSOFCwith this unconventionabxidant
stream showd a lower the power output when supplying £@he performance remained
stable in time and was completely reversible. Spectroscopic characterization of the cathodic
materialdoes notsuggest anglegradationphenomenon inducedy the exposureto CQ.

Introduction: Inthe energytransitionframework,power productionsystemswhichintegrate
SolidOxideFuelCells(SOFCs)anprovidehighelectricefficienciesandlow carbonemissions.

The SO&LQ cycle [1], a novel blue power technology, couples a sdosal regenerative
intercooled Brayton cycle with a @@apture system and a SOFC unit. In this innovative
application, the fuel side of the cell is fed with a reformate feed, while the oxidant stream is
amixtureof O, and CQ with unusuallyhighfraction. The SOF@erformanceandthe durability

of cathodicmaterialsunder CQ@-rich conditiongequires carefukvaluation.

Objectives:The objective of this work is to assess at siugl level the performances and
the longterm stability of commerciasized SBCs under the conditions required by the SOS
CQtechnology. Special attention is dedicated to the interaction between the peculiar CO
rich oxidizingstreamandthe cathodicmaterialsof the cells.

Material and methods:5x5 cni anodesupported cells @ydEra) featured a LS@DC
cathode (L&eSik.4Ca.oFe.s0z- Ca.9Gh.101.95), coated by LSC (&50.4C0Q). Performance

and durability tests were conducted with a HorihaFuelCon C50 Evaluator test station.
Experiments were performed at 700°C, cdileg polarization (I/V) and Electrochemical
Impedance Spectroscopy (EIS) curves. The SOFC was characterizadrfgst with XRD,

SEM, IR ATR and Raman spectroscopies. Further insights were obtained with EIS tests on
symmetriccells and characterization &SClpowders.
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Results: Testson applicativesize cells with 7% humidified H. and the O,/CQ mixture
highlighted an initial 26% power loss compared to the base case with air. Deconvolution of
impedance spectra using the Distribution of Relaxation TirD€&T| revealed that the QO
supply affected the peaks between 10 Hz and 1 kHz. CQ-rich feed conditions were
maintained for over 350 h under constant voltage (0.85 V). The power output remained
stable and periodic I/V curves and EIS spectra did not sugggstiegradation of the cell
(Figurel0). Completereversibilitywasobservedwvhenfeedingair to the cathode,suggesting

that CQ exerts exclusively a kinetic effect. This was further investigated with symmetric cell
testing.LSCF powders were aged at 700°C for 175 h supplying the sarmmielCgas feedEx

situ analyse®f the agedSOF@nd powdersampledid not highlightneither the formationof
secondary phases on the perovskite surface nor permanent modifications inattiee |
causedby theexposureto CQ.

Conclusions:Long term testing and material characterizationsupport the feasibility of
operating the SOFQunder CQ-rich cathodic supply for its integration in the SOSCQ
technology.

Humidified H,: 0.5 NI/min, O, / CO, mixture: 1.25 NI/min

T r 500
700°C .

-400
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Figurel0- I/V curvesof industrial SOF@ver 355h of @/ CQ mixture supply.
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This work illustrates the design, manufacturing and testing of a larga 48cells fuel cell stack with a rated
power of 8 kW. In particular, the effedf different oxygen concentrations on performance was investigated.
Moreover, issues related to the dimensional tolerances in MEA manufacturing are highlighted to demonstrate
how they cannegativelyaffect theability ofthe stack'soperationduetothegr 8 SaQ ONR & a2 O3S NI
Introduction
Environmental concerns and diminishing fossil fuel reserves are generating demand for new energy conversion
technologies that can provide improved or alternative methods of energy conversion and power generation.
Polymerelectrolyte membranefuel cells(PEFCare widely regardedasalternativestationaryand mobile power
sources with potentially zero or minimal environmental impact. [1]. Very less studies have been found on the
effect of oxygenconcentrationon the performanceof PEFCgspeciallyin large-areaand highcellnumberstacks
[2]. Furthermore, there is no information in the literature on the quality required for the engineering of active
components suchasthe membraneelectrodeassemblyThiswork depictsthe influenceof variousoxygenflow
rates on the performance of a PEFC stack of 246antive area and 48 cells. In addition, the unfavourable
effectson stackoperationdueto non-compliancewith the tolerancesin the MEAconstructionareinvestigated,
andthe adopted mitigation strategy islustrated.
Objectives
Theobjectiveof the researchwork wasto intend how the oxygenconcentrationaffectsthe stackperformances
andto increaseanddisseminatehe knowledgeon large-areafuel cellstackdesign manufacturingandassembly.
Methodology
The calculation of the electrical parameters of the PEFCstack started from the power and efficiency
requirements (3.5 kW rated power, 60%). In addition, operative pressure was set tand bais value, as
experiencedn [3], wasconsideredhe bestcompromisebetweenperformance mechanicabtressesandgasket
sealing issues. The stack voltage was set at 36 V. The fuel cell stack had these characteristics: power 3.5 kW,
voltage36V, singlecellvoltage0,76V, activearea246 cn, cellnumber48. Fuelcelltackwasdesignedusingan
in-house developed design methodology-4B and manufactured (Fig.1). Composite graphite was used for

bipolarplates,steelfor clampingplates,copperfor current collectors,and Teflonfor gaskets.
A SR, e -
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As can be seen in Fig. 1 (right), between the Gas Diffusion Layer (GDL, Sigracet 29 BC, dark in colour) and the
gasket(white) there was an empty area which was not covered by either the GDL or the gasket. This area
prevented the graphite elements from correctly transmitting clamping pressure, resulting in an unloaded band
approximately 31.5 mm wide, sufficient to shorthe reagent and coolant manifolds and cause unacceptable
internal fluids' cros®ver. The design of the gasket was modified, reducing the @pea dimensions which
accommodate the GDL to cancel the distance between these two parts. This has made totoegicmeptable
levelsthe internal crossover.

Results

Fig. 2 shows the trend of theV curves as the oxygen concentration. The polarization curves were recorded in
Air and with N/O2mixtures at 30% and 100% oxygen respectively. The stack can opemagetigovith Air and

pure oxygenat the cathode.Stackperformanceimprovesasthe oxygenconcentrationat the cathodeincreases.

The fuel cell stack achieved a maximum current of 200 A (813 ntpatd1 V, corresponding to a power of
8192W. Byusingpure oxygenperformanceimprovesby about 10%at 200A. In addition, asFig2 (right) shows,

an increasein oxygenconcentrationimprovesthe uniformity of singlecell voltage distribution.

60.0 9000.0 Vcell @ 200A

7500.0

s 4 60000

A\

4500.0

Current, A

Voltage,
Power, W

Fig.2:Polarizatiorcurvesrecordedwith different oxygenconcentratons(left), singlecellvoltagedistribution (right)
Conclusions
A 246 cmP-active area 48-cell PEFCstack was designed, manufactured and tested with different oxygen
concentrationsTolerancdssuesn the MEAdesignwere successfullpvercomeby modifyingthe gasketdesign,
and the importance of accuracy in MEA manufacturing was highlighted. The maximum power of 8.2 kW was
achievedat 200 Awith a gooddistribution of the singlecell voltageand a 10%stackperformanceimprovement
usingpure oxygen.
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Introduction:

Therushtowardscarbonneutrality is havinga significantimpacton the path undertakenby research,

when it comes to renovating the world energy paradigm. Cutyethe potential of hydrogen, widely
considered as one of the key factors for such purpose, is leading to an increasing interest on the fuel
cell technology. Amongst all, Solid Oxide Fuel Cells (SOFCs) are undergoing a significant development
andare starting to be usedn a varietyof applications.

Themainadvantageelatedto thistechnologyisthe ability to operateefficientlywith awide inlet fuel
composition range: this makes them extremely suitable and attractive for Combined Heat and Power
(CHPR@pplications.

Objectivesand Methods:

In this work the activities conductedin the framework of the EuropeanProject& {-@ w 9 &¢e
presented Anexperimentalcampaigrwascarefullyplannedandcarriedout with two different short-
stacks:

9 15cellplanarAnode SupportedCell ASCEOFGhort-stack.
1 1OcellplanarElectrolyteSupportedCell(ESCPOFGhort-stack.

Fordatareliability both stackconfigurationwere tested by two different ResearciCentred ENEAand

IEN). The main purpose was to evaluate tleNF 2 NY' I yOSa 2F G2RIF&Qa 02YYS
whenfed by awide rangeof fuels(naturalgas,hydrogenandblends)at conditionsexpectedat system
operationlevel.Variouscasestudiesfor gasgrid scenariosvere evaluated(includingcurrentcondition

and grid transition into a 100% hydrogen network). The experimental campaign covers stack testing

at different gasmixture, temperatures, fueltilizationfactor (FU) partial andfull load operation.

Thesametestingprotocolhasbeenemployed for eachshort-stack,both by the manufacturerandby

the two testing partners, in order to evaluate its electrochemical and energy outputs by means of IV
curves and in stable operating points. The quality and reliability of the campaign results was proven
through a comparison of the data obtained by the two testing partners involved and performances
expectedby the stackmanufacturers.
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Resultsand Conclusion:

Each shorstack has been successfully tested at both facilities. The outcomes achieved on stack
voltage, power and efficiency line up in every condition evaluated, deviating from each other (and
from the data providedby the respectivemanufacturer)by lessthan 5%for all studiedcases.

Comparisonon ASCstack Comparisonon ESCstack

13.40

13.20

[
[
o
S

N

o)

o

7.40

STACROWERW)
o
N
[0¢]
o
STACROWERW)

N
n
o)
o

\
12.40 e — \ 7.20 \ \

12.20 7.00
45 50 55 60 65 70 75 55 60 65 70 75 80 85
FUEWUTILIZATION (%) FUEIUTILIZATION (%)

© - 100%H2 67%H2 +NG 100%NG ©  100%H?2 67%H2E NG 100%NG
a) b)
Figurel: Performancemapsobtainedat ENEA on both stackgested,with relative stackefficiency;ASGstack
(a)andESGb);

A graphicalsummaryof the resultsobtainedat ENEAsreportedin Figurel, andabrief descriptionof
the performancetrends isprovidedin the followingbullet points:

1 Highvariationwith increasing=Ufor reformate compositions;

1 Challengingoperation at low temperature and high FU (especiallywith reformate gas

compositions);

1 Similar performance between high temperature ranges (860°C and 83850°C for anode
supported aw electrolyte supported cell design respectively) but significant performance
dropsat lowertemperatures(640°CGand780°Cfor anodesupportedandelectrolytesupported
celldesignrespectively); 120W loss;

Poweroutput 100%H>67%H+NG>100%NGstacklevelefficiencyanalysigo be performed,;
CompleteCH conversionin reformate conditionsin gasanalysisunderloadfor the electrolyte
supportedcell stack, favoredy highernominaloperatingtemperature (850°®@s.660°C).

= =
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INTRODUCTION

During the last years, solid oxide fuel cells (SOFChaw emergedas a green and efficient
technology to convert the chemical energy of hydrogen and other fuels, into electricity and heat
[1]. SOFC are developed employing ceramic materials and operate between 600 and 1000°C, at
whichthe electronic anclectricpropertiesof these materials exhibtheir bestbehavior.

Planar SOFC supports are usually manufacture@yiy castingwhich allows the fabrication of
large-surface,thin ceramic tapes with controlled morphologies. As for the coatings, wet powder
spraying(WPS)s suitablefor different geometriesandapplicablein large-areaceramic layers.

Owing to its excellent mechanical and chemical stability in oxidizing anttiregenvironment
YR KAIK A2y A0 deshablided dr®PSy)istite myst ugetl Blectrolyte- Yz
cermet fulfills most of the requirements of an ideal anode, due to the high catalytic activity of
nickelfor hydrogenoxidationandits thermalexpansiorcoefficient(TEC)¢loseto YS&ne,which
assures a good adherence. Concerning the cathode, perovskite materials suchsd/EaQ

(LSF) or kaSw.MnO3; (LSM) are widely used since they show a good oxygen reduction catalytic
activity. In order to prevent the formation of poorly conducting secondary phases, such as
LaZrO;or SrZr@, the use of protective barriers likgadoliniumdoped ceria (GDC) betweeneth
cathode anckelectrolyte iscommonlyused.

This work describes the fabrication and characterization of electrayported SOFCs by tape
castingand WP 3ayerdeposition.

RESULTANDDISCUSSION

A. Developmentf cells
Electrolytesupportedcellssynthesiedin this work consistof a denseelectrolyteof YSZaporous
anodemade byNi-YSZadiffusionbarrierinterlayerof GDCanda porouscathode ofLSM.
For the fabrication of the YSZ tapes, different formulations were prepared until the amount of
binder(B-1000)anddispersaniD-3005)were optimizedin the slurry. After dryness,180um thick
greentapeswere obtained(Figurela). Thesinteringprocessvasperformedat 1400°C,obtaining
highly dense tapes with suitable microstructure. The deposition ef ékectrode layers was
carried out using an lwata Eclipse-BES airbrush. The starting powders were suspended in 2
propanol and dispersed using3dD05, and graphite was added as external pore former for the
anodeNiOYSZormulation. Thedifferent layerswere sinteredat 1050°C, 1050°C and 1350°C
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for 2 h, for GDC, LSM and NYSZ respectively. In this way, cells with a thickness of 200 um and
different diametershavebeendeveloped (Figuréb).

i —

Fig.1. Photograph®f (a)the top view of the greentape and (b) sinteredcells.

B. ElectrochemicaCharacterization
Currentvoltage and currentlensity characteristics of a model cell at 850 °C, 800 °C and 750 °C
are shownn Figure?a.
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Fig.2.1-VandI-P curvesat 850°C,800°C, 750°C of a modelcell.

CONCLUSION

In this work, different SOFC cells have been prepared and characterized. The experstoelytal
shows good electrochemical performances. Currently, a-teng degradation study is being
performedto evaluate theefficiencyof the cells.
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Introduction: Fuelcellshaveemergedasa promisingtechnologywith significantpotential to
transform the maritime industry. By generating electricity through a chemical reaction
between hydrogen and oxygen, fuel cells offer several advantages. They provide clean and
efficient power, reducing gregouse gas emissions and improving air quality. Overall, fuel
cells have the potential to revolutionise the maritime environment by providing sustainable
power solutions.Thisresearchwascarriedout aspart of the EUfundedproject"e-SHyIPS".

Objectives: LFPEMFuelcellsin maritime environmentsare exposedo significantlydifferent
environmental conditions than most lafzhsed applications. Here we present results of
laboratory tests of two environmental impact factors in maritime applications natibn of

the fuel cellstackasmight happenduringnormalshipmovementdueto wavemotion, aswell

as salt contamination on the air side, due to salt spray. These experiments are critical to
understand the effects of maritime environmentson fuel cells and to be able to take
appropriate measuret preventdamageor lifetime reduction.

Material and methods:1.) Inclination Tests: A Proton Motor full stack (36 kW) was mounted
in a lying position (all media connections on the stack point towards the)fmma specially
adaptedtest rig andinclinedin two perpendiculamaxeswith an angleof 23° (exampleseenin
figure 1). A total of 9 positions were testedno inclination, inclination to either side and
correspondingcombinations.In eachposition a perfformancecurvewasrecordedaswell as

.= Continuous operation for 20 min at maximum power point.
£8 After each test the stack was brought back to the same
referencepoint.

Figurel: Stackat inclinationtowardsthe backand left.
2.) Salt Spray Tests: Tesriss was conducted on short

stack with 5 cells. Defined amounts of 3.8 wt.-% NacCl
solutionwere injectedinto the air feed directly before the
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stack. After each contamination step a performance curve was recorded, as well as
continuous operation at maximum and intermediate power point. After several
contamination cycles, a final reconditioning of the stack was performed with humidified air
(100%r.H.).

Resultsand Discussionsl.) Inclinationof stackwith mediaoutletspositionedupwardsalways
leads toa decrease of performance. Additionally, the difference between lowest individual
cell potential to average cell potential increased. Moreover, the purge interval on the anode
side had to be shortenedo maintain stable performance. All pointye a measte of
hindered water removal. The difference in cell voltage wa42 mV, corresponding totatal
power loss of 0.8 kW. Eventhough the stack performancewas worse comparedto level
operation,it wasstill constantduringthe 20 min operatingtime anddid not decreasdurther.
Stable fuel cell operation must be ensured with appropriate mounting position of the stack,
or ifthat is notpossible with adjusted operatingparameters.
2.) Contamination of the stack air feed with salt spray led to ongoingolossll potential at
constant current, resulting in a voltage drop of 10 to 30 mV in the worst case. Additionally,
the cell potential homogeneity decreased significantly, leading to instable stack operation.
Final reconditioning of the stack was suffidiém regenerate the stack performance to near
initial performance. Measurement of electrical conductivity of product water showed that a
high salt concentration can only be seen after several contamination steps, indicagnigia
level of absorptionof salt ionsinsidethe stack.It can also be seenthat the conductivity
decreasedgainafter the final reconditioningprocessgcorroboratingthe assumptiorthat salt
Conductivity of product water Cathode/Anode _ can be flushed out with
' humidified air stream. A high
conductivity  (i.e., salt
concentraton)isalsmbserved
on the anode sideThiscanbe
explained by a crossover of
salt from the cathode side
insidethe stack.

3 /
3 1500,0 / /
g \

O 1000,0 \ /

Figure2: Productwater conductivityof cathode(blue)andanode(red)duringtest series.
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Abstract

Molten Carbonate Fuel Cell (MCFC) is a promising technology in terms of Carbon Capture (CC). The
main difference between this technology and the other CC techniques, such as the conventional
amine method, is that MCFCs gamoduce additional energy during the capture. In addition, MCFCs
can also efficiently separate CO2 also from exhausts having very low CO2 concentration. For these
reasons, the establishment of the new CAPLAB laboratory dedicated to MCFCs for CCasignifies
commitment to advancing CC technologies, underscoring the importance of collaboration and
innovationin tacklingglobal energyandenvironmental challenges.

Introduction:

Nowadays, various industries, including efiad and natural gafired power gewration, steel,

cement, and shipping, are under pressure to reduce their CO2 emissi@hsQhe promising

solution is MCFC technology, which captures CO2 while generating electricity, making it cost

effective. The future market for this technology iffidult to quantify, but major investing countries

include Japan, the United States, Southeast Asia, and Europe. To advance research and development
in Molten Carbon Fuel Cells for carbon capture, the cuitidge CAPLAB has been established as a

joint verture between UNIGE and Ecospray. Located in a specialized research environment, CAPLAB
facilitates advanced studies and experimentation for MCFC design, optimization, and application in
carboncapturescenarios.

State-of-the-Art Instrumentation:

The laboatory is equipped with a wide range of instruments to enable characterization of MCFCs.
Keyinstruments presenin the laboratoryrefersto two mainsections:

Testing: the laboratory houses smatiale MCFC facilities that can be used to perform tests and
experiments using different feeding gases, monitoring electrical current, voltage and temperature,
performing Electrochemical Impedance Spectroscopy, checking oulet gases by gas chromatography.
This enables researchers to evaluate new materials, compatesigin, and thermal management
strategiesspecific tocarboncapture applications.

Manufacturing: the laboratory offers precision mixing and coating machines, equipment such as
tape castingandscreenprinting, furnaces angeveralkuxiliariesIn addition, sophisticatedesting
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and characterization instruments like a porosimeter allow the quality analysis of the fabricated
MCFComponents.

ResearclObjectives:

TheCAPLARBImsto addressseverakeyaspects relatedo MCFCé CCjncluding:

Advanced Matdal Development: Researchers will focus on the synthesis and characterization of
innovative materials and innovative fabrication processes for MCFC components. Exploring new
chemical compositions, new techniques, and physical properties will be esgeritigirove the
efficiency stability, andthe scalabilityat industriallevel ofthe fuel cells.

Performance Optimization: Throughdepth studies and experimentation, the laboratory seeks to
optimize the performance of MCFCs maximising CO2 captureyaslivell as energy conversion
efficiency in carbon capture applications. This includes specific stack engineering and operating
conditionoptimization.

Collaborationsand Partnerships:

The MCFC laboratory will actively promote collaboration with othseagch institutions,

universities, and companies to facilitate knowledge exchange, resource sharing, and expedited
development of fuel cell technologies. Workshops, conferences, and joint projects will be organized
to foster effectivecollaborationamongindustryexperts.

Conclusion:

The inauguration of the CAPLAB dedicated to MCFCs for CC applications represents a significant step
forward in advancing clean and efficient energy technologies and aims to promote widespread
adoption of MCFCs, contributing tiee transition to a sustainable energy future with a specific focus

on carboncapture.
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Abstract

hyS 2F GKS 1S&@ RNAOSNER 2F G2RIFe&Qa AyRdzadNE
one way this can be archived is through carbon capture (CC). Amongst the most interesting
new technologies, the MolterCarbonate Fuel Cel@ICFC)are very interesting for the
possibility of providing electric current whilst doing CC. MCFC main components are the two
electrodes and the ceramic matrix where the electrolyte is stored. This matrix is getting a lot
of attention because of its mufile function: electron insulation, gas barrier between anode

and cathode and support for the molten electrolytes. The aim of this work was to study
different production techniques and understand which parameters have an impact on the
matrix functioning.

Introduction:

Molten carbonate fuel cells (MCFC) are of high interest today, for their capability to both

provide electricity while also being able to provide CCS from loyc@@entration streams.

To do this the cell needs high temperatures of around°€@@here the carbonates, that are

usedaselectrolytefor the cell, melt andaretherefore ableto be usedasionicchargecarriers.

Such as electrolyte fills the ceramic matrix which must guarantee high stability, mechanical

resistance, as well as insulat for electrons and gases. Matrix statéthe-art consists of

inert lithium aluminate (LiAl¢) as| - and[ - phase depending on working conditions. Matrix

state-of-the-art consists of inert lithium aluminate (LiA)OIt is produced usually by tape

caging with organicsolventsandcanincludereinforcementagentsto optimiseporosity (>50
220X LERNB aATS o0f ™M > Y0%0), andiSeCharical Gtreryttizi&IFLO0O S

gf/mm?) [1].
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Objectives:

Starting from recipes coming from the Korean lug& of Science and Technology [2], Fuel
Cell Poland [3] and the Institut de recherche de Chimie Paris [4] that use different materials,
additives and production steps, the aim was to analyse and compare the proprieties of these
matrixes after solvent evagation and material sintering, simulating the working conditions

of the MCFQCzell.

Material and methods:

The studied recipes are based on traditional LiAl@here the main differences are in the
dispersingagents antifoamagentsandsolventsused that differ in quantity andtype. Despite
different details,the mainproductionstepscanbe summarisedas:afirst ball mixingphaseof

the main raw materials, then the addition of plasticising agents, followed by a second mixing
step, afterward the mixturelegassing, followed by tape casting and in the end drying. To
allow for uniform comparison, the matrixes were prepared following the same procedure
rules at the CaplLab, a joint venture laboratory between the University of Genoa and the
companyEcosprayl edinologies TheSEMwasusedfor avisualanalysiswhile XRDwvasused

to identify the crystalline phase. Further tests will include porosity analysis using a mercury
porosimeter,while typicalresistancdest will be madeto evaluatethe mechanicabktrengt.

Resultsand conclusions:

All the results will be presented and discussed, showing the validity of the used recipes,
allowingfor avalidationof the literature dataandgivinga goodinsightin whichaspectscould

be targeted for further improvement. AAfar as some future advances go, these could be
targeted towards the heightening of the mechanical strength, as the durability of the matrix
is still amainconcernfor the cell lifetime.
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Abstract

Introduction: Producing efficient and cosfffective fuel cell systems and water electrolyzers

is then fundamental for promoting the spread of green hydrogen generation and use. In this
scenario, fuel cell technology remarkgbimproved in the last decades, promoting Proton
Exchang®&embraneFuelCellSPEMFCs)sein the automotiveandin transportationsectors.
Nonetheless, the complex architecture of fuel cells and electrolyzers, still slows down the
research and development required for improving their efficiency and lifetime, and
contemporaryreducingtheir productioncosts ,whichare still stronglyboundedto the costof
catalyst materials[1]. Important achievements in optimizing fuel cell architecture and/or
catalyst loathg, were obtained thanks to analysis carried oubperando analysis carriemt

at synchrotronradiation facilities, where important insightsabout fuel cell operation and
degradation were revealed. In particular, Small AnglRaX Scattering (SAXS¥istable for
revealing catalyst morphological evolution [2], whildR&y Absorption Spectroscopy (XAS)
allowsto depict reactiorkinetics[3] andto quantifythe degreeof catalystoxidation[4].

Objectives: The aim of this work consisted in developing elactrochemical cell able to
operateasreversibleunified electrochemicatell (RUEC)Hptimizedfor studyingchemicakand
morphological evolution of catalyst materials designed for PEMFCsfor PEM Water
Electrolyzers(PEMWESs),and for RUECsto be studied by combining electrochemical
characterizatiorwith SAX@&nd XAS.

Material and methods:Two different Membrane Electrode Assemblies (MEAS) for PEMFCs,
loaded with commercialcatalystmaterialscomposedby Pt and PtzConanoparticleswere
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characterized inpristine conditions at first; thencatalyst evolutionundergoing breakn
procedure and subjected to Accelerated Stress Tests (AST) were monitored by means of in
operando XAS and in operando SAXS. The analysis was then repeated on a commercial Ir/Pt
catalyst for a PEMWE. All of the results were complemented with electrochemical analysis
(cyclicvoltammetry andmpedance spectroscopy).

Results:Concerninghe in-operandoinvestigationof the Pt-loadedMEAfor PEMFCsnostof

the reduction of the catalyst ettro-activity of Pt was observed within the first 2000 cycles,

in agreement with results from electrochemical data and with the recorded evolution of the
particlesizedistribution,whereanincreasen particle sizeandagglomerationvererevealed.
Whenthe PgColoadedMEA for PEMFCs was analysed, most of the chemical evolution was
detected during the breakn procedure, and a less pronounced coarsening was detected
whenrunningAST.

ConclusionsThiswork confirmedthe effectivenesof properlydesignel electrochemicatell

was demonstrated being able to reliably measure and combine electrochemical data, XAS
spectra, and SAXS patterns, allowing to perform a comprehensive and deep characterization
of catalyst performance undergoing the different operational regimes of PEMFCsand
PEMWEs. Additionally, this work defines a benchmark for future studies of novel catalyst
materialsfor either PEMFCand PEMWEs.
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Introduction: Fuel cell systems are complex and interdependent, with various characteristics
including materials, electrochemistry, fluids, and heat management. A fault in a subsystem
canleadto asystemwide fault [1], particularlyin the fuel cell stack,whichis a passivepower
generation device that relies on proper air, fuel, water, and heat management for optimal
performance. Abnormalities in air, fuel, humidity, temperature, and other factors due to
specific faults cadirectly affect stack lifespan and performance, and severe faults can cause
irreversible stack degradation [2]. Therefore, early diagnosisof faults and appropriate
response strategies are crucial. By the way, repair and replacement of components in a
sysem thatis operatingcanbe costlyandinefficient[3].

Objectives:In this study,we proposean operatingstrategythat utilizesreakttime operational
data to diagnose fuel cell faults early and determine whether to continue the operation,
changecontrol, stopthe operationfor repair,or performarepairwhenthe operationstops.

Methods: Ahierarchicaktructurefor effectiveFaultDetectionandDiagnosigFDD)s applied
basedon representativeresidualof subsystems/componentd,, 4]. After fault diagnosisthe
operating strategy takes into account factors such as control stability, system efficiency, and
stack durability. Fauttolerant control can be achieved through fe&dck control using real

time predictedvaluesfrom other measuredvaluesor feed-forward control usingfixed control

signal valuesorrespondingo normalconditions.
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Results:Accurate diagnosis was achieved for various component faults, such as leakages, air
blowers, flow meters, coolant pumps, thermocouples, and others, widiudi magnitude of

less than 10% using residd@dsed fault diagnosis. After fault diagnosis, the decisnaking
process varies depending on the type and magnitude of the fault. The typical categories of
decisionmakingare summarizedn Tablel.

Table 3. An example of the operating strategy depending on the result of the fault diagnosis.
Decision after Fault
Diagnosis

DiagnosedraultType

Flowmeter fault, thermocouplefault for control Faulttolerant control

Filter clogging heat exchangerfouling, leakagebefore | Perform repair when the
flow meter, blower/pump fault, pressuresensor operationstops
Leakageafter flow meter, blower/pump control signal
of 100%

Stopthe operationfor repair

ConclusionsTheproposedmethod candiagnoseduel cell systemfaultsand makeappropriate
decisions in realime to maintain system operational efficiency, prevent stack degradation,
and minimizemaintenancecosts.
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Abstract

It is well established by now the role of hydrogen and fuel cells (FCs) as pivotalltegbs

for the rapid transition within the current energetic scenario, although FC performance and
durability are still below the targets set by governing bodies. To improve their performance
andreliability, diagnosticand control tools canprovide signficantimpact,complementaryto
materialdesignand systemoptimal architecture.

In this context, the work presented in this paper deals with the design and verification in
simulatedenvironmentof aninnovativediagnosticalgorithmfor fault monitoring,detection,
isolation and identification of leakages occurring in a Solid Oxide Fuel Cell (SOFC) system for
micro-CombinedHeat andPower(micro-CHP) applications.

TheSOFGystemis modelledaccordingo physicalbasedapproachaccountingfor massand
energy balance of each component, to simulate its operation in both nominal and faulty
states.Theconsidered faultsreleakagedistributedin variouspointsof the system.

A Fault Tree Analysis (FTA) is first performed to connect all the faults to thgitaym
throughdedicatedFaultTrees(FT) andapreliminaryqualitative FaultSignatureMatrix (FSM)

is compiled to attempt fault detection and isolation. As remarked by the authors in other
previous works, qualitative fault isolation brings eventuallyfaalt clustering issues (i.e.,
hindering the univocal isolation of the faults), and a more effective approach should be
introducedto achieveunivocal diagnosis.

The mathematical model of the systemis therefore used to carry out a quantitative
investigaton, calculating residualsvalues, defined as the percentagedeviations of the
monitored variables from nominal conditions, at different fault locations and magnitudes.
Generally, to perform fault isolation, a set of thresholds shall be introduced, des@sed
trade-off between false alarm and missed fault rates. However, even though a quantitative
FSMis obtained,the detectionandisolationprocesss highlyaffectedby the thresholdvalue
choice.
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The key innovation brought by the present work consistthedefinition of mathematical
relations (i.e., functions) that represent the behaviour of residuals at different fault locations
and magnitudes. These functions are used directly as reference patterns for fault detection
andisolationwithout the needfor anythresholdsetting.Moreover,thisapproachalsosolves

the fault clusteringissue with great accuracyeven with faults that present the same
symptoms pattern. The algorithm performance is assessed in simulated environment with
satisfactoryaccuracyand robustness.
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Abstract

Introduction: In order to reduce carbon emissions as the problem caused by climate change
becomesserious, the data center, an energyintensive building, is actively conducting
research to replace some or all of the power required for the data center withrésadly
hydrogen fuel cells without carbon emissions [1]. Prior research is needed before applying
hydrogen fuel cells to data centers, such as energy consumption reduction effects and Net
Zero achievemeni].

Objectives:This study aims to present an economic operation strategy that can achieve Net
Zero of the data center by utilizing the WEFC(High meperature polymer electolyte fuel
cellybased CCHP(combined cooling, heat and power) system using hydrogen as a power
sourcefor the datacenter. Datacentersusemore than 40%of their power usageto produce

cold heat to remove the heat produced by IT @es. Therefore, using the CCHP system,
which makes electricity and cold heat together with hydrogen, is economical by increasing
energy efficiency for electricity and cold heat supply as well as 100%riecdly power

supply.

Methods: The configurationof the CCHP system was proposed to most efficiently supply
electricity and cold heat to the data center, which is manufactured without carbon emission.
ThehydrogenbasedHT-PEF@asedCCHRystemhasbeenproposedasa structureto create

cold heat by suplying more than 100 degrees of recovery heat recovered frorPBRFC
operating at high temperatures of 120 to 180 degrees to the heater pump's generator. In
addition,the operationefficiencyof the proposedCCHRystemwasmaximizedoy applyinca

free codingmethodto maximizethe coolingeffect of the datacenter.Theoperationstrategy
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of the proposed system was presented by performing operation optimization for the
following two purposes. 1) HFEFC for data center aims to maximize energy conversion
efficiency to minimize hydrogen fuel use, and 2) to achieve Net Zero by covering the entire
power consumptionof the datacenterin the proposedsystem.

Results:The system proposed in this study is shown in Figure 1, and the effect of increasing
energy eficiency and reducing CO2 emissions according to the operation strategy of the

proposed system is shown in Figure 1. As shown in 2. As a result of the simulation, the total
power consumption compared to the existing system decreased by 3,618MWh per gdar, a

it ispossibleto achieveNet Zerofor caseD, E,andFamongatotal of sixproposedstrategies.

HT-PEFC + Absorption heat pump H 120% Electricity |

Codling
“r o “: 100%
_ ] e
Cllulin):waieljpump wdule S 1% ,E
SO | e % 5
Dats ’ l g 0% %
E— o exaerge 5o &
Rack *  Rack* * Return air 1 + o Absorber 40% (8]
Exhaust fan [ HE -E v |
i ,,,,,,,,,,,,,,,,,,,,,,,,, ‘ @ 0%
! Supply fan __ Chilled Water pump
"""""""""""""""" : @—I- ﬁ- Supply air 0%
Couling. Filter Elecicity, cooling, heat efficiency and CO,, emission rate
Fig. 11 Proposed CCHP system for data center Fig. 2 Results of operational optimization

ConclusionsWe propose an HPEF@ased CCHP system to redudectricity consumption
in data centers where electricity consumption is rapidly increasing day by day, and verify the
utility of the proposedsystembasedon the actualdatacenter'sannualenergydemanddata.
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Introduction: The polymer fuel cell system utilizing city gas is an alternative energy
technologythat generateselectricityand heatthroughelectrochemicateactionsof hydrogen

and oxygen, producing only water as a byproduct. Among the various types ofeiliel
systems, the polymer electrolyte membrane fuel cell (PEMFC) has drawn attention as a
promising technology for residential and commercial applications due to its high energy
efficiency, low emissions, and low operating temperatures[1]. However, tleé Supply
system of the PEFC can be subject to various failures and malfunctions that can hinder the
performanceof the system[2].In orderto improvethe reliability and performanceof the fuel
supplysystem this studyanalyzeghe signalpatternsof the systemunderdifferent loadsand
proposes a fault diagnosis method using these signal patterns. The results of this study could
contribute to the development of more efficient and reliable fuel cell systems for practical
applications[1,3].

Objectives:In this study, the early diagnosis of fuel cell system faults caused by fuel supply
system anomalies, such as hydrogen starvation and CO poisoning, within the fuel cell system
isaimedto be prevented.Forthis purpose Joad-dependentsignalpatternsandsignalpatterns

based orsimulatedBOP faultat specificloads wereanalyzed.

Methods: To implement a residential fuel cell system, a 1-&4ss PEMFC test bed was built
in this study. In particular, a hydrogen production system using steam reforming was
edablishedandeachsignalwascollectedthrough LabViewTheurbangasusedwasprovided
locallyandmainlycomposedf methanewith acontentof about80 %.Thefuel celloperating

temperaturewassetto 60 b , and the output load was set between500-800 W, with data
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collectedunder steadystate conditionsfor eachsignal.Regardinghe diagnosioof BOFfaults

in the fuel supply system, a hierarchical structure is applied for fault detection and
diagnosis[1,3]. Among these, one case was selected for ddtydoogen starvation and CO
poisoningwhichwasconfirmedthrough impedance measuremeirt the fuel cell.

Results:Based on the analysis of signal patterns of BOPs for fuel supply system according to
eachoutput loadof the fuel cell stack,a consistentpattern wasobserved andfault simulation
experiments were conducted at 800W. A total of 20 sets of fault simulation data were
obtainedfor fault diagnosisandthe possibilityof respondingo fault diagnosisvasconfirmed

based on the set values. Amortigem, performance degradation values and impedance
changedatawere obtainedfor fuel depletiondueto hydrogenleakagen the stackanodeand
COconcentrationincreasg(COpoisoning)dueto air leakagean the selectiveoxidizeranode(a
performancedegralation of 3% an®% inthe stack,respectively).

ConclusionsThe content of this study aims to diagnose fuel cell system faults early in a fuel
cell system using city gas reforming, thereby increasing the durability of the fuel cell system
andreducing naintenancecosts.

Acknowledgment: This work was supported by the Korea Institute of Energy Technology
Evaluation and Planning (KETEP) grant funded by the Korean Government (MOTIE) [grant
number 20213030030190, Development of Smart DPO(Design, Produ@fiemation) Open
Platformfor FuelCellSystem].
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Abstract
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objective of the project is the development and realization of a PtL plant with a combined

water and carbon dioxide higiemperature electrolysis (¢8OEC) coupled with a Fischer
Tropsch(FT) synthesisfor the production of synthetic fuel. The 200 kW SOEGsystem,
developedby AVLwill be the buildingblockfor MW-scalePtLplants.In afirst step,adetailed
thermodynamicanalysisof variousplant configurationsaswell asthe plant conceptof a fully

integrated SOEG-T PtL plant was carried out. The project provides the unique possibility to

design the complete PtL plant taking into account the optimization and integration of both
processesthe SOE@ndthe FTFprocessjn the mostefficientmanner.Thisis seenasa major
technological advantage over current PEV based PtL solutions with, for example, limited
possibilities of heat integration. Especially, the heat integration between both processes as

well as the product tail gas recycling will be the keydweerall efficiencies of 5685 %. The

heat generated by the exothermic FTprocessis efficiently used in the endothermic

electrolysis process. High temperatures on similar levels in both processes, SOEC and FT,
facilitate a highly efficient heat integratiowith minimum waste heat. Furthermore, the
producttail gasafter the productprocessingtagewhich cannotbe directlyturned into useful

FTproducts (such as naphtha, diesel and waxes), contains still a significantamount of

chemical energy which is effently used by recycling the gas into the process. This increases

the product yield and carbon efficiency. Eventually, data from the current design is used for

the economic analysis of largeeale synthetic diesel productioithe economic results are

baseal on a sensitivity analysis considering plant CAPEX, full load operating hours, efficiency

and electricity price. As a result, the required boundary conditions for a price in the range of

1-3 EUR/L will beliscussed.
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Introduction:

Inthe projectd L y yéh@Aduidiy S Naanéepiof ahighlyefficientsolidoxideelectrolysis
combined with a FischefTropsch synthesis shall be investigated. On lab-scale SOEC
applicationsAVLcoulddemonstrate80%power-to-gasefficiencyalready while state-of-the-

art alkaline and PEM technologies show efficiency levels betweef08 Smart coupling of

a FTsynthesis optimized for interconnection with SOECtechnology allows total PtL
efficiencies above 55%. This represents an extraordinary increase of efficiency edrpar
systems with alkaline or PEM technology with prognosed efficiencies of 43% [3]. Fraunhofer
IKTS delivers SOEC stacks and stack modules based -tnomell MK35x stack technology
which is already validated Coelectrolysiq2], [3].

Objectives:
Dewelopment,designand buildup of a200kWPtLplant basedon co-SOE@echnologywith
1 >55%overallplant efficiency
1 Productionquantity of 100.000litres/year Syncrudgassumptior24/7/365 operation)

Material and methods:
AVL SOC development approach, E&Ctechnology, FT tail gas heat integration, FT heat
recoveryfor steamproduction

Results:
1 CoSOECesultson stackand modulelevelavailableconfirmingel. efficiencylevelin
syngagproduction
1 FirstBoPcomponentsand sub-systemsavailableandtested
1 References oFToperationusingsyntheticgasfrom different sourceson areference
FT catalysavailablesoon

Conclusions:
1 Simulationsshowsystemfeasibilityand highestefficiencies.
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Abstract

Hydrogen and methane are the most effective gaseous vectors of energy, as they can be
conveniently derived both from fossil and renewable sources. The objective of H&REB
project is thedevelopment of a fully futre-ready solid oxide fuel cell (SOF@ked system

for conversion of the carrier to combined heat and power (CHP). This means a versatile
system concept for efficient, neaero emission, fudlexible and truly modular power and
heat supply to end useiis the residential, commercial, municipal and agricultural sectors.
The project aims at the delivery of a prertified SORCHP system allowing an operation
window from zeroto 100%H2 innaturalgasandwith additionsof purified biogas.
Furthermore the SOFREE

project will endeavour the realization of a standardized stegstem interface, allowing full
interchangeability of SOFC stack types within a given &PHCsystem. This interface design
will be proposedfor internationalstandardizatiorsothat commerciabarriers tofull and

free competitionbetween SOFGtacksuppliersand systemintegratorscouldbe levelled.
Thisinteroperabilitywill be provedby a doubledemonstrationperiod:two systemswill be

run for 9 months each, each operating, altataly, two different stacks, which will be
exchangedetweenthe
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two systems. As a final proof of robustness and flexibility, the two stacks integrated in each
of the two systems will be characteristic of the extreme ends of the spectrum of SOFC
operating temperatures: 650°C (anoemupported cells) and 850°C (electrohgepported
cells). The challenges in a safe, efficient and -effstctive design of such a system are
numerous and arduous, and the SOFREEconsortium is dealing with them all. This
presenttion will give ataste ofthe progressmade andhe difficultiesovercome.
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Abstract

One of the most interesting alternatives in hydrogen carriers is represented by ammonia.
Ammonia epresents a considerable part of the hydrogen market, where about 45% of the
total pure hydrogen produced is employed for ammonia synthesis[1]. Along with the
employment as a chemical intermediate for fertilizer production, ammonia could be used
directly & a fuel presenting better characteristics if compared to hydrogen, like volumetric
energydensityandstorageconditions.In particular,ammoniacouldfeed solidoxidefuel cells
(SOFC) directly, presenting high conversion efficiencies and no nitrowes emidsions [2].
SOFC can exploit ammonia in two ways, either preliminarily cracked into molecular nitrogen
and hydrogen or directly fed into the cells. The latter is called Direct Ammonia Solid Oxide
Fuel Cell (DAOFC). In this case, when the temperatuses above 600K, the ammonia is
thermally cracked almost totally. However, the kinetics of the decomposition is slow and
accelerates witthighertemperatures.

The sustainable energy centre of Bruno Kessler Foundation, an independent research centre
in Trento (ltaly), has conducted several experimental activities on the exploitation of
ammonia as a fuel directly feeding SOFC. The test facility is equipped with a test bench SSTB
01, providedby SolydEragapableof workingwith short stacksj.e. sixanodesupportedSOFC.

In this context, Zendrini et al. [3] compared the performances of cells provided by Solydera
with pure hydrogen, ammonia andx# in a stoichiometric ratio of 3:1. The results showed
that performances present, in the case of pure ammoaidend that limits the maximum
power to ca 0.29W/crhlower than the corresponding hydrogen flow (0.32W/cm?2), at 760°C
and fuel utilization of 68%. This phenomenon increases at lower temperatures and at higher
fuel utilizations. To explain this effect, the authors proposed that the ammoniais not
completely cracked inside the stacks, thus reducing the voltage by concentration over losses
and activating the safety threshold. In this work, additional tests were conducted with the
same test platformon a new w&-cell stack withsimilar characteristics, reproducing the
performances presented by Zendrini, with a similar voltage drop at high current densities if
fed by pure ammonia. Additionally, this test campaign included a-leng test with pure
ammoniain gavanostaticmode conductedat 760°Cand fuel utilization of 63%(0.4A/cm2).
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Theresults,reportedin Figurel, showno particulardegradationof performanceswherethe

power produced maintain the same level, i.e. 0.317Wcduring the 500h of the tesiThe
absence of degradation is also confirmed by benchmark test, i.e. polarization curves, that
denote similar performance before and after the letegm test. Further tests should be
conductedto characterizebetter the stackfed by ammonia,which couldbe a2000hlongtest

or evaluatethe crackingof ammoniainsidethe SOFC.
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Figure 12- Power density level during 500h long-term test conducted in galvanostatic mode at 750°C, Uf equal to
63% and 0.4A/cm2
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aims to develop an innovative system that efficiently converts ammonia into electric power

usinga SOFCTheprojectwill focuson designingessentiacomponentsof the system,suchas

the fuel cell, ammonia cracker, ammia burner, and anode gas recirculation. Additionally,

the entire Balance of Plants will be engineered, and compliance with ammonia use will be

verifiedfor all specificpartsandcomponents TheSOF@mployedin the final systemisbased

on an 8kW G8x Stk from SolydEra. Although the pilot demonstration will be conducted on

a small scale, the AMON project aims to scale up the engineering to create a system suitable

for applications in ports, the maritime environment, and autonomous power systems. The

conrtium is formed by several researchand industrial partners like DTU, EPFLVTT,

SolydEraAlfaLaval, HSLU, EF&fe Sapio.
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TOPIC 4: BIOLOGICAL PROCESSES IN THE GREEN HYDROGEN VAL
CHAIN
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Microbial fuel cells (MFCSs) is a promising platform technology for a number of applications. MFCs
work on anaerobic/electroactive microbial metabolism, which results in electricity being produced
whilst organic matter (consumed as fued)deing treated. MFCs usually consist of two-halfs,
separated by an ion exchange membrane and electrons flow from the bacterial (negativeglhalf

to the positive hakcell, through a circuit. Amongst a plethora of organic waste products and
materials tested in MFCs, human urine has been reported as an effective fuel for electricity
generation. Urine is responsible for 10% of organics, 75% of nitrogen and 50% of phosphorous found
in domestic wastewater, and yet volumetrically, it only constitutes dan 5% at municipal level. It

is therefore of significantly advantageous if waste separation was implemented at source, for more
efficientdownstreamwastewater treatment.

This talk will present results from the practical implementation perspectirCEs in a range of
applications, thereby making the case for a platform technology that can be usedgricbénd

citywide inclusive environments. The talk will show the chronological development of the
technology, from the early robotics implementatibmthe most recent application in sanitation.

Work from the Urinetricity programme that has been running for 10 years, showing the potential of
MFCs in treating human urine will be presented. Different MFC designs, including cbesm®it

with power geneation and organics degradation are being discussed. When ceramics are
appropriately exploited, this results in the generation of an electrochemically activated solution,
known as the catholyte, which is a valuabledrgduct that can be used as a disinfact. This

catholyte is an alkaline, high in salt (thus high in conductivity) liquid that is produced due to the
electro-osmotic drag and has been shown to achieve pathogen killing. MFCs can also be generally
used as a biosensor to monitor the organicsnragueous medium, through the analogue signal
produced. The MFC technology has also been successfully scaled up and implemented as a power
source for lighting, in remote, previously unsafe toilet environments, and for this reason, has been
named Pee Power@®ore recently, emphasis has been given on the pathogen killing properties of
MFCs, whilst generating electricity and results from this work will also be presented for different
pathogenicspecies.

The talk concludes with the case for microbial fuel @ls platform technology for multiple a range

of environments including sanitation, renewable energy generation, production of szalded
productsvia elemental recyclingndwastewatertreatment.
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Abstract

Introduction: Within the powerto-gas (P2G) concept, bioelectrochemical systems were explored as
alternativewaysof producinghydrogenand,by addingCQ, methane(BEP2G) heinnovativeprocess
producing methane from G known as electromethanogenesis [1]. Indeed, bioenergy constitutes
approximately 10% of the global primary energy requirement, with biomethane representing 3% of
the overalldemand.However further advancementin materialsengineeringare still neededto fully
unlock the potential of P2G as for instance the development of effective materials for bioelectrodes.
In a recent study carried out by the authors [2], ddiectrochemical C£¥eduction processes were
explored, using a costffective composite material. This composite consists of porous carbon from a
maize stalk (biochar), copper (Cu) and hydroxyapatite(RCH;OH, HAP) nanoparticles. Very good
methane prodiction rates were achieved from bioelectrochemical systems where cathodes were
made of biochar doped with 20 wt.% Cu and 10 wt.% HAP, reaching a maximum of 866+199 mmol m
2 d* with a coulombic efficiency of 64%. Following this premise, further invegtigét required to
optimize thepreparationof biocathodesand maximizemethaneproduction.

Objectives Inthis study,we focusedon optimizingthe multi-stepprotocolfor biocathodeproduction

using a Full factorial Designapproach. This approach allowed to statistically predict the best
composition of the composite material in a certain experimental range, also gathering the most
precise response in terms of methane generation from the tests according to the specific system
configuration. Different concentration of Cu, HAP and biochar were tested and consideredas
independent variables: combinations from 10 to 20 wt. % of Cu and HAP on a biochar substrate were
preparedanddepositedon previouslypyrolyzedbiocharelectrodesprojectedsurfaceareaof 7.5cny)

usinga dip-coatingtechnique.

Methods: A Full Factorial Design approach was used in determining the appropriate proportions of
compositeconstituents(biochar,Cu,and HAP).Themorphologicaland structural properties of the
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composites were charaetized using surface techniques as scanning electron microscopy (SEM),
surfaceareameasurementsand X-ray powderdiffraction (XRD)Subsequentlynulticompositesvere
usedascathodesn a dualchamberbioelectrochemicatell,undermesophilicconditions(45°Cyanda

CQ supply of 55 mmol per day, employing a strain of hydrogenotrophic microorganisms from the
Archaeadomain,whichwere enrichedfrom the inoculumcollectedfrom a biogasplant. Themethane
production was monitored for 7 days from the headspéaof the cathodic compartment using gas
chromatographictechniques. Also, molecular (next generation sequencingof 16S RNAon the
multicomposites) and solution analyses(ionic chromatography)were employed to verify the
enrichment of the bacteria on theathodes and the possible yroducts occurring from the GO
reductionreaction.

Results:Themulti-techniquecharacterizationgcombiningN, adsorption/desorptionisotherms solid

liquid phase titrations with probe molecules, bicarbonate titration and infrared spectroscopy
demonstrated that encapsulating hydroxyapatite on the surface of biochar can effectively inmpeove
performance of multicomposite cathodes in the electromethanogenesis. The hydroxyapatite
containing composites exhibit 3 times higharface area (30 Ag?) than the undoped biochar (16?

g?). Moreover, the exposure of the multifunctional HAP surface with acidic and basic moties,

not only facilitate the adhesion of microorganisms, but also act as a pH buffer and promote the
adsaption of reacting species (protons, bicarbonate), thereby dramatically increasing their local
concentration at the electrode/solution interfac€onsequently, the incorporation of HAP enatiles
multi-composites taachievefasterreactionkinetics.

Condusion: The best composite revealed to be the biochar doped with a 10 wt.% Cu and 10 wt.%
HAP, resulting in an efficient reduction of 4@o CH with very impressive production rates of
10.6+0.36mol m2 d*! and a pH stabilizationat the interface, with an efficiencyof the energy
conversion to methane of more than 95%. This is the best performance of electromethanogenesis
never achieved from the literature data. However, experimentation was carried out at a very small
scale A substantialscalingup of the bioelectricalsystemis necessaryor movingfrom the lab scaleto

apilot prototype.
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Abstract

Introduction: One of the main challenges linked with renewable energy production is energy
storage duringperiods of low demand and high productivity. Powerto-methane (P2M)
approach is gaining interest due to availability of infrastructure for methane)(§brage,
distribution, and consumption. Bio-electrochemical P2M (BEP2M)is considered more
advantageou®ver catalytic P2M due mainly to milder reaction conditions. Usually, BEP2M
technology uses a double step process, consisting in a chemical electrolyser to produce
hydrogen (first step) and an anaerobic bioreactor inoculated with hydrogenotrophic
microorganisms (Archaea domain) where hydrogen and €3 mix are injected achieving
methane (secondtep).

Objectives:The aim of the study was to create and validate a-tmst and higktech single

step configuration for BEP2M, using a simple bioreactor cordtgun which allows lab
studies and application to soil gas vents. The single step BEP2M, directly produces methane
from aCQ-rich stream.

The bioreactor was built using legost and environmentally friendly materials (terracotta

and graphite), targeteda a subsequent scaling up to pilot scale for soil environments. A
pivotal part of the research is the simplicity of the system design and the reduction of
environmental impact that can be achieved recovering CQ stream from natural gas
emissions.

Material and methods: Thebioreactorswere assembledisingtwo terracotta pots,asshown
in Figurel. Titaniummeshwasusedasanode,locatedin the intersectionof the two pots,
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while the inside was filled with graphite that acted as cathode
Bioreactors weranoculated with a thermophilic methanogenic
inoculumfrom RSES.p.A(Milan, Italy) and sunkin a basinfull of
tap water at 55 °C.TheCQ wassuppliedin the lower part of the T
bioreactor by means of a long needle. Produced gas was
collected thanks to a needle on the top of the bioreactor
connectedto a gasbag.The cathode polarizationwas 2 V.
Potential and current data were recorded by means of a da 4
logger. The composition of the gas was analyzed by mears/ '
gaschromatograph.

Figurel3 - Labscale
bio-electrochemical
Results:With the labsale double pot bioreactor we were ablepower-to-methane

to produce CH,starting from CQ reachingpercentageshigher

than 90%of CH in the headspacandoutlet gas.Thedoublepot configurationdemonstrated

to be suitablefor simplifytestingof setsof different typesof charcoal soils,andother cathode
materials. Thereafter, the scaling up using larger bioreactor will allow us to produge CH
situ by harvestingnatural CQ emissionsaind usingelectricityfrom renewablesourcessuchas
from photovoltaic source.

Concusions: Storage of surplus electricity produced from renewable resources is critical to
reduce energy losses.The use of low-cost materials such as biochar and graphite for
electrodesandterracottaseparatorwill fosterthe scalabilityof this model. Theproductionof

CH by BEP2M technologies might mitigate the.@@issions from natural gas reservoir
producing fuel by renewable ngorogrammable source out of grid. The validation of this
bioreactorconfigurationcouldpavethe wayfor low-costin-situ scdingup of BEP2@pproach

for energystoragefrom natural CQ emission.
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Abstract

Accordingo the EuropearRecovern& Resilienceolicieslaunchedto reactto COVIEL9,

LGFrte fFdzyOKSR Ala 26y datAlkkyPwhweEl 8BYVEHARASYRA w
recovery and resilience) supported by EU. Within the actions, a significant effort for

research was considered, and hydrogen technologies were consideréie training
technologiedor de-carbonisation anduture energy market.

In particular,the Minister for EnergyTransition (nowenamedMinister of Environmentand

9y SNH& {SOdz2NAGeuv f I dzy OK SResedrdh&nd DE@EPheNIdoK | I NB S
techy2f 23ASa FT2N 0§KS K a-RynNBgarS, yith ardahvitsimént KO A y ¢  y !
aedd ¢KS LINPINIY FT2NBaASSYy |y AyadSyaraogsS O02ff
bodiesinvolvedin energyandenvironmentalresearcENEACNRand RSE)Theaimsare:

reinforcethe collaborationbetweenthe three research bodiesand speeeup the

technology transfer to industry of hydrogen technologies. For this reason the-&dRogen

research program covers all the aspects of hydrogen value chain, including the new

promising early stage hydrogen technologies that could be of interest for the n&tiona

hydrogen valuehain.

Theprogramisdivided inTopics Work Packageand Lineof Activity, where eachresearch

body contribute with researchactivitiesthat arecomplimentaryeachother. In this

frameworkthe Lineof Activity1.1.304 5 S @ S  2flsiét8nahiebiologicalprocessesnd

bioreactorsfor the productionof hydrogenwith bacteriaand/or photosynthetic
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microorganismérom by-productsandbiomasf the agrofood A Y R dzESisRiBH¥alls
within the new promisingapproachedor sustainablehydrogenproduction.

Asclearlyexposed irthe title the SusBioHesearchactivity aimisthe valorisationof waste
water by producing hydrogen as a high added value product. This approach will allow the
concomitant depuration and reuse of waste water witletproduction ofnydrogen and,
possibly other valuable products, thus reducing the today energy consumption for waste
water treatment.

The researclactivitywasstartedin July2022andforeseen:

- Bio-chemical studies on anaerobic hypertemophiles bacterithefThermotogale
order for bio-hydrogen productiorand CQ capture.

- Studyof Micro-algaeand cianobacterdor the productionof hydrogenfomr waste
water.

- Photofermentationof organiccompoundfrom pollutingwater and soil.

- Development of materials fordzteria and micreorganism support, linkage and
growth

- Development of a new concept breactor prototype for hydrogen production for
demonstratingechnologyapplicationpotentialitiesand itstransferto industry.

In this way the SusBioH research acgyiwiill contribute the four UN Sustainable
development goals:

Goal 6¢ Clean water and sanitation

Goal7 ¢ Affordableandcleanenergy

Goal & Industry, innovation and infrastructures

Goalll ¢ Sustainableitiesand communities.

In this presentation the mises, the aims and the research plan of LA 1.1.30 are presented
togetherwith a selectiorof the first yearresearchresults.
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Objectives:Inorganic carbon assimilation in bioelectrochemical systems can vary according to the
operational conditions, the microbial species,and the substrates present in the catholyte [1].
Ralstonia euthroph&ormerly Cupravidus necatdis listed among candidate microorganisms fog CO
capture and reuse for its ability to produce polyhydroxyalkanoates (PHAS) [2]. The present work is
aimedat investigatinghe electrosynthesi®f Polyhydroxyalkanoatg®HAsjrom inorganiccarbonat

the cathode of Microbial Electrochemical Cells (MECs) with a poised poter@asom\wvs Ag/AgCI
(-750mVvs SHEpy usinga 1.5VLithiumbattery at the cathodeof Microbial FuelCellstMFCsysinga
pre-established bioanode formed by Shewanella oneidensiR1 andPseudomonas aeruginosa
PA1430/CO1 consortiunWe used glycerol as sole source of carbon and energy at the anode to
explore the establishment of a cooperative catabwolidue to an efficient direct/indirect Interspecies
Electron Transfer (IET) between bioanodes and biocathodes, similar to those occurring in
anaerobic/anoxic natural environments [2]. If successful, the IET might sustaicaOre at the
cathode,providing reducing equivalent sufficient to optimize the inorganic carbon assimilation, thus
carryingout the processwithout the need foran external sourcef energy.

Materialsandmethods: Wetested CQ assimilatiorefficiencyand PHAgroductionin two-chamber
MFCs connected to a 1000resistor and MECs constructed with carbon cloth electrodes and cation
exchangenembranesMECsxperimentswere conductedby applyingat the cathodea potential of

-700 mWsAg/Ag/ClI reference electrode. Ciclic Voltammetry (CV) was performed at thedma#t a

rate of 1 mV/s. We inoculated Shewanella oneidensisPseudomonas aeruginosansortium in the
anode of all systems, using glycerol 0.4% as the source of carbon and energy. The catholyte was a
mineral medium for chemolitothrophic growth (DSMZ Bitedium), sparged with a gas mixture
containing 2% € 10% Cg 10% Hand 78% B The consumption of G@vas measured at the
headspace of both BESs and control cultures by an Electrold®{i-Gas Analyser (Biotech). The
production of PHAs was invegdited by stainindralstonia euthrophaells with Red Nile (80 pg/mL)
dissolved in dimethyl sulfoxide [DMSO] followed by fluorescence confocal microscopy (Nikon Ti
Eclipsawvith A1M Confocamicroscope).

ResultsComparedo the control cultures,R.eutropha showedanincreasedCQ capturerate of 73%

D AN

Ay a9/a FYyR cm: Ay acC/ a 02yy&aid&kammelry (C\) caBiedii S NY I -

out overthe range-1Vto +1V at the cathodesof both MECsandMFCs_ 100X revealedthe presence
of a reduction peak at370 mV and280 mV vs Ag/AgCl at pkb6and 6.2 respectively in MECs and
MFCsTheexpositionto apoisedpotentialof -955mVincreasedr.eutrophaability to assimilateCQ.
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Furthertestscarriedout with R.eutrophagrown at the cathodeof MECgevealedanincreasedbility

to assimilateinorganic carbon and to produce PHAs in comparison to the controls. These results may
be explained by the possible activation of membrdmmeind enzymes involved in electron transfer
from the cathode to the microbial biofilm. The confocal microscope arsalgsiealed a different
biofilm structure in presenceand absenceof an external potential, with a denser and better-
structured biofilm in MFCs biocathodes, thus confirming the negative effect of the poised potential (
955 mWs Ag/AgCl) on biofilm forma&n. Further, we detected a lower amount of PHAs granules in
MECs than in the MFCs and controls. Nevertheless, the results obtained by CVs showed a higher
cathodic current in MECs, which might be related to biosynthesis of metabolites other than PHAs. If
confirmed, this maysignifythat low-energysystemscouldbe better candidatedor PHAdDiosynthesis,

unlike acetateor other metabolites.

ConclusionsThe MFCs, despite achieving lower.C@pture efficiency, were able to sustai
eutrophametabolism atthe cathode using glycerol as the sole source of energy and carbon. The
applicationof anexternalpotential alloweda higherCQ capturerate, but lower PHAgroductionand

a less dense biofilm. Further analyses are needed to characterize the metalpotithsced byR.
eutrophain different operational conditions.
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Abstract

Introduction:

Cimate changes have been the reason of increasing interest in alternative solutions to
the use of fossil fuels during the last decade. In addition, the efforts towards this
direction have been recently and rapidly increasing due to the energetic crisis
highlighting the need for alternative and sustainable energy sources for both
environmental and geopolitical reasons. Complying with the needs for energy arising
from different industrial sectors is a great challenge and there is not a unique answer.
In this ©ntext hydrogen has the potential to become the solution able to fulfill even the
most diverging requirements. As an energy carrier hydrogen can enable the creation of
an energy network including different energy sources, as renewables or nuclear,
transpotation systems, through pipelines, trains or trucks, and final users, like
production plants, especially those classified under the so calledtoaathate sector,

or vehicles.

Among the many players involved in this challenging hydrogen revolution, the
transports sector also saw an increasing interest in new technologies. Automotive,
especially heawvguty vehicles, maritime and aviation sectors are facing hard technical
issues that are transforming the design approaches applied up to now.

Objectives:
The aim of the present work is to explore the design space related to the
hydrogen storage in the aeronautic sector.

Material and methods:
The analysis is then carried out through a model of a liquid hydrogen tank, whose

objective is to quantitively evahile the outcomes of different solutions. As it can be
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seen from the following figure the analysis has been divided into three steps: geometric,
mechanical, and thermal design. The hydrogen tank sizing has been carried out by
considering the requirements auing from each one of the three design phases, their
mutual influences, and the very stringent constraints, commonly known in the
aeronautic sector, imposed at the higher system level, like a precisely calibrated
quantity of stored fuel to comply with theinimum weight restrictions.

To clearly understand the influence of the many design parameters and to prioritize
them a further Design of Experiments (DoE) analysis has been applied.

Results:

The design of the hydrogen storage tank is performed aimingasisfying various
requirements. The information that can be depicted from the results and the charts
resulting from the preliminary analysis are crucial to avoid certain solutions and focus
on the most promising ones. The flexible model shown in thegmework revealed to

be essential in efficiently exploring the design space.

Conclusions:

The investigation of the outputs coming from the tank sizing model and the DoE analysis
revealed to be fundamental in the exploration of the design space arfaeiéfinition

of a roadmap for the following design phases.
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Abstract

The corrosion of the carbon support in a proton exchange membrane fuel cells (PEMFC) is a
critical degradation meamism. This mechanism is important because affect PEMFC
performance through the detachment of catalyst particles from the carbon support, the
collapse of the electrode pore network, the breaking of catalyst connectivity, and the
increase of the catalyst jpicle size [1]. In particular, the mainly types of carbon blacks
used as support materials for the catalyst are typically degraded by the start
up/shutdownprocessdueto electrochemicabxidation[2]. TheAccelerateStresslesting
(AST)rotocolfor catbon supports(triangularwavepotential cyclebetween+1.0Vand
+1.5 V vs RHE with a scan rate of 0.@5, published in 2013 by U.S. DRIVE FCTT, is the
most applied to correctly simulates the actual startup/shutdown [3]. In this study, the
carbon corrosion was evaluated for ink made of a commercial catalyst (Tanaka
TEC10V50E) with three different ionoméiBering in the sidechain structure and
equivalentweight (Nafion, Aquivion D98nd AquivionD79).

The electrochemically active surface area (ECSA), mass and specific activity were evaluated
before and after 5000, 10000 and 15000 cycles in order tauet@lthe corrosion trend
over timefor the catalyst layersomposedy the three differentionomers.

[
—— £ 20{ —®—Nafion
—e— S —e— Aquivion D98
—a— [ 104  _—a— Aquivion D79

T T T T
0 5000 10000 15000
Number of cycles

Fig.1. (A)ECSAneasuredat cyclesD and after 5000,10000 andl5000cycleof ASTnormalizedto the valueat
beginning of life. (B) Current Density measured at 0.85 V vs RHE at 0 cycles and after 5000, 10000 and
15000 cycle of AST, normalized to the value at beginning of life. Tests were carried out with GIBE half
setsetup in 1 MHCIQ at 25 °Gwith a Pt load ofibout0.25mge/ @ & with an ionomer to carborgl/C)
ratio of 1. Modified triangular wave of the AST protocol for carbon supfpom +1.0 V and +1.5 V to +1.2
Vand +1. V.

The Fig.1 shows the trend of ECSA and current density (CD) at 0, 5000, 10000 and 15000
cyclesof ASTandthe valuesare normalizedto the valueat beginningof life. Inthe Fig.1
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(A), it can be seen that the ECSA decreases with cycle number which is indicative of
dissolution and agglomeration of the Pt nanoparticles. The type of ionomer does not
affect carbon corrosion, in fact all three catalyst layers follow the same trend as the
numberof ASTcycleschangesAscanbe seenin the figure,the samephenomenaoccurs
for the CD, that decreases with cycle number which is again indicative of the deata
catalyst utilization during the cycling. Also in this case, the type of ionomer does not
affect carbon corrosion. The really interesting result is that the ECSA and CD do not
decrease significantly dramatically after 15000 cycles. In fact, as csgeben the Fig. 1
(A), the value of ECSA, regardless of the type of ionomer, decreases by about 40% after
15000 cycles, thuillingwidelywithin the targetimposeby U.SDRIVECTT [3].
Regarding the CD (Fig, 1 (B)), the value, regardless of theftygmeomer, decreases by
about 50%after 15000cycles, which agaiiallswell withinthe target[3].
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Abstract Developingaccurate models for monitoring and controlling proton exchange
membranefuel cells(PEMFCs3 challenginglueto the needto adequatelyrepresentphysical
phenomena while maintaining high computational speed, parameter identifiability and state
observability Gascrossovelprovesto be one of criticalfactorsaffectingFCperformanceand
degradation during startip (SU) and shutlown (SD). In this work, we present an extension
of the modelling framework that considers gas crossover, electrochemical reactions on the
platinum band (PB) and its effects on mixed potentials. Furthermore, due to the
physicochemicatonsisent basisand 1D+1Dspatialresolution,the potential swingduringthe
SUSDisinherentlymodelled,resultingin localisedelectrolysisoperationin FC.Theextended
modelling framework achieves high predictability and provides insight into the tempiodal a
spatialevolutionof localoperatingconditionsthat directlyinfluencecatalystdegradation.
Introduction: PEMFCs are promising for zemission automotive and heaaduty vehicles.
Although the progressin terms of lifetime, performance, and efficiengy of PEMFCss
undeniable, the degradation phenomena of individual components associated with
unavoidableoperatingconditionssuchasSUSDremaina major challengeio overcome Using
advanced control strategies, like virtual sensors, is a promising apprto avoid adverse
operating conditions and minimize degradation effects. However, developing virtual sensor
models with both sufficient depth and computational speed requires selecting key
phenomena, such as gas crossover,which significantly affect PEM-C performance and
degradation during SUSD. To enable appropriate modelling of the SUSD operating
conditions while allowing its use in observer applications, we have recently developed a
thermodynamically consistent electrochemical model [1] based omysipsbased 1D+1D
two-phase PEMFC model that provides a consistent sygsl treatment of the liquid
water dynamics in all most influential regions of the PEMFC [2]. In this work, the model is
extended to include the effects of theoNO» and H cros®ver, as well as electrochemical
reactions at the PB in the membrane. In addition, the model considers the electrochemical
reaction of permeated ©with H> on the anode side and vieeersa on the cathode side,
resultingin a modified mixed potential at ead of the PEMFCAs a direct result of these
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extensionsthe newly developedmodellingframework not only enablesmodelling of the
potential swingduringthe SUSD ,which canleadto alocalisedelectrolysisoperationin the
FC, but also provides a basis lioking to physical modelling of degradation phenomena [3].
Material and methods:The crossover of HHO,and Nthrough the membrane and their

temporaldynamicglueto gasdiffusion andelectrochemical reactionat the PBin the
membranecanbe written in 1Din the x-directionas:’ *** 1 240y (c29) ( )

+7@Q (A):GQO,

. S s 0o ;4
T (o) T 26y (@0 T (00 T 209 2(G0)

Co TOn L, T @@=049, , =Q, o ,whereD arethe diffusioncoefficients
assumedo be concentrationindependentand ‘@are theH, and O, sinkson the PB.

During the validation phase, the developed modelling framework was calibrated on SU of
experimentalsegmentedcell (presentedin detail in [4]) by differential evolution, varyingthe
valuesof activation energiegeaction constantand membraneproton conductivity.

Results:The experimental sequence was used in a coupled modelling framework to simulate
both performance and catalyst degradation, irgilug platinum degradation rate and carbon
catalyst support corrosion rate affecting £€@ass flow. COformation is based on the
interaction between platinum and carbon oxides and hydroxides, with longer residence time
at low or high potential contributingo the formation of @OH and RPOH radicals and OH,
respectively. This interaction leads to a significant increase #idd®@ation as the potential
changes. As the potential increasesD8 is exposed to the f2H and OH radicals formed at
high potentias, leading to the reactiora O | (O C# Pt' + QO+ 2H+. This reaction
produces Cg&) which is then continuously produced in smaller quantities at high potential
when G-OHreactswith water (COH+ H,00 C + CQ + 3H* + 3e ).

Conclusions:The results of the developed modiag framework show a high degree of
agreement with experimental data and provide a detailed spatially and temporally resolved
evolutionof localoperatingconditionsbetweenSUSD Assuch they enablepredictionof the

CQ emissions. By capturing the at, the developed modelling framework represents a
relatively simple irsitu application of modebased virtual sensors for advanced monitoring
and control of PEMFC system, not only from the point of view of performance improvement,
but alsofrom the point of viewof mitigationandreductionof the degradationrate.
AcknowledgmentTheresearchspartiallyfundedbythe SloveniarResearcigencyfunding
No.P20401),CDLaboratoryfor InnovativeControlandMonitoring of AutomotivePowertrain
Systemsand EuropeanJnion'sHorizon2020GrantAgreementNo.101007170 MORELIfe.
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Abstract

Introduction:

The Gas diffusion Layer (GDL) plays a key role in Proton Exchange Membrane Fuel Cell
(PEMFC) operation as it provides pathways focta@ gas distribution and manages the
complex twephase flow dynamics occurring within the porous structure, at the same time it
conducts electrons and distributes heat within the cell. The combination of the high porosity
associatedvith the materialandthe repetitiveflow field land channelstructure,compressive
mechanicaloadsexertedonthe flow field landinducedargespatialvariationsof the effective
porosity field within the GDL which have a large influence on gas distributionplhase
transport, and heatdistribution within the cell [1].

Objectives:

Very scarce information is found in the literature regarding the influence of different GDLs
and flow field design on fuel cell performance. Furthermore, experimental characterizdtion
the orthotropic mechanical properties is limited to a small number of GDLs which retieces
predictiveness of the macrbomogenous models presented in the open literature. Tvosk

aims at bridging those gaps by presenting a fully coupled 2D nfexrmgenous MEModel

that considersorthotropic compressiorof the GDLandthe influenceof the inhomogeneous
porosity distribution on mass,heat, two-phaseand chargetransport for GDLsvith different
characteristics. Egitu measurements for a range of different GDlasve beepresented in
previouswork [2].

Material and methods:
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A systematic approach investigating the effects of anistropy, flow field design, effective
diffusivity, capillarypressure saturation functions and operating conditions on fuel cell
performance has been conducted for five different GDLs with different PTFE loadings with
and withoutMPL.

Results:
Initial results indicate that the inhomogeneous compression exerted on the flow field lands
induces spatial variations of the effective porosity @fhimpedes oxygen transport from the
flow field land to the catalyst layer. It is observed that the saturation and oxygen transport
profiles ishighly inhomogeneous and compressidgependent.
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Conclusions:

Fuel cell performance have shown to be higigpendent on mechanical compression. A
sound mechanical characterizationof GDLs is therefore ofritical importance to assess
performance under various operating conditions. Porosity has been identified as a critical
property that governs the transport ahass, heat, charge, and water within the cell. For
increased model predictiveness,interfacial thermal and electrical contact resistances
between adjacent components should be experimentalharacterizedas a functionof
compressiorand implementedn the developmentof continuumfuel cellmodels.
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Abstract

Introduction: Fossibased aviation fuels need to be replaced with renewable energy carriers
in order to meet global climate targets. In this field, a viable {@rg solution could be th
adoption of hydrogerpowered fuel cells, which offer the advantage of nearo emissions.
Fuel cell prerequisites for mobile applications are high efficiency, fast start up and load
following, lightness and compactness. The hydrefiesied PEMFC is cemtly the most
suitable technology, but several technologicalgaps still hinder its employment in the
aeronautical field: the removal of large quantities of Wewmperature heat, the size of
hydrogen storage, and the overall system efficiency. Even optigiize balance of planfuel

cell performance remains a central issue: improving efficiency would have a bersfedl

on heatgeneration but alsoon reagentsflow ratesand auxiliaryequipmentsize.

Objectives: In this work, a multi-physics, steady-state 1D model is presented for the
assessmenvf PEMF@erformancesTheresultsof the modelare usedfor the sizingof anall-
electricregionalaircraft,in terms ofweight.

Material and methods:A semiempirical model was employed for a preliminagalysis of

the main key parameters of a fuel cell [1]. Subsequently, a more complex and accurate 1D
model was implemented [2]. The model focuses on the crucial thrqughe transport
processes and employs a computationally efficient approach based orofthamogeneous
modeling. Highfidelity was achievedthrough the integration of two-phase flow, non-
isothermal effects and the addition of bipolar plates to the most studied geometry of MEA.
Finally the outputsof the modelwere employedfor the retrofitting of acommerciaregional
aircraftfrom a kerosenebasedsystemto a PEMF&ased one.
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Results Thebasecasestudyinvolveda commerciallyavailablePEMFG@hat wasreconfigured

by varying both the operating conditions and the most impactful featurfeth® geometric
layers. Therefore, through a sizing procedure, the optimal characteristics of the PEMFC for
the regionalaircraftwere identified.

ConclusionsThecombinationof semiempirical,CFDandsizingmodelscouldcontributeto a
general statemat of the consolidated FC technologies for the short and mediange
aviation and, at the same time, to an evaluation of the most efficient technologies in a
futuristic perspectivefor new targetsderivation.
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Abstract

Introduction: The variation of operating conditions ggifrom air inlet section to air outlet
sectionof afuel cellstackleadsto heterogeneitiesn performanceandto anincreaseof local
degradation. The design of the gas distributors is of primary importance to ensure high
efficiencyand highdurability.

Objectives:The work aims to develop a methodology to design the grapbétsed flow field

of PEM fuel cell, targeting the local geometry optimization of straight parallel channels of
cathode gas distributors, to achieve the targets set by the U.S. Dapattof Energy for
heavyduty applicationg1].

Material and methods:The experimental campaign is carried out with a sreadlle testing

tool madein-house with activean areaof 10 cn?, characterizedy straightparallelflow field
channels. The redudeactive area together with high anode and cathode stoichiometries
ensures uniform and controlled operative conditions. Catalyst coated membranes and gas
diffusion layers are selected among state of the art materials to ensure good test
reproducibility[2].

A 1D model is used to identify the local operating conditions occurring in different positions
of the straightparallelchannelsof a PEMFGtackfor heavyduty applicationsunderdifferent

load requirements. Graphitbased gas distributors with differérchannel width and rib
thicknessare experimentally characterizedto determine the effect of each geometric
parameter. The results obtained in smallscale configuration under different operating
conditionsare usedto designafull-scale gaslistributor with locallyoptimizedgeometry.
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Results:Graphitebased gas distributors with different geometry configurations (Figure 1.A)
were produced and tested. Polarization curves under pure oxygen conditions (Figure 1.B)
highlight the effect of the ratio betweenb thickness and channel width on ohmic loss: the
increaseof contactsurfacebetweenGDLand CCMimprovethe electriccontact,reducingthe

value of high frequency resistance. Each gas distributor geometry was characterized under
real operating conditios, the obtained power is reported as function of the channel length
(Figure 1.C): ohmic loss affects the region close to the air inlet, while oxygen concentration
reduction leads to a consistent performance decrease in the region close to the air outlet
section.

Conclusions:It has been developedan innovative methodologyto locally optimize the
geometry of a cathode flow field with straight parallel channels. It has been evaluated the
impact of the rib to channel width ration on performance, a higher @atubeneficial from

the air inlet section up to the middle of the cathode channel length. Mass transport loss
becomes the limiting phenomenon from the middle of the channel length up the air outlet
sectionmainlybecauseof the oxygenreduction,in this regionthe flow field geometryshould
present lower rib to channel ratio and lower channels cross section area in order to increase
gasvelocityandto reducemasstransportloss.Relyingon the obtainedexperimentalresults,

the geometryof afull-scale staight parallelflow field canbe locally optimized.

" ®) it

(€
- - 2.5/2.3 bar
Channel Rib Rib to 100 / 100% RH High power conditions at 0.65 V
width thickness channel ratio &2 75
Sample 1 high low low :
) 50
very high high low =
low high high 25
Sample 4 very low low high 0
] 10 50 75

90 100
0 1 2 3 4 5 . _

) 2 Air inlet Cathode channel length / % Air outlet
Current density / A cm

Voltage / V

Power density / %

Figure 1. (A) Cathode flow field geometric parameters of tested samples; (B) polarization
curves under WOz and 100% RH conditions; (C) power density as function of the cathode
channellengthcomputedunderhighpower conditionsat 0.65V.
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Abstract

The use oproton exchange membrane fuel cells (PEMFC) in aircraft applications to reduce
the environmentalimpactof the aviationsectorhasgainedinterestin the lastfew yearsdue

to their highpower density. Nevertheless, under freezing conditions, PEMFCstexhib
limitationsthat mustbe overcomeprior to their implementationin commercialaviation.

During storage at temperatures below 0°C, the water remaining in the cells can freeze and
may damage the fuel cell components. Moreover, the ice formed during dezé startup
reduces the system efficiency and reliability as well as can cause several degradations to the
cells. This work summarizes the key limiting factors and describes different methods to
reduce degradation due to subfreezing temperatures andrtbance the freeze start of
aeronauticPEMFGystems Furthermore this studydiscusseshe suitability of the

mitigation solutions and strategies to meet the severe requirements of weight, procedures
time, degradation, and parasitic energy consumptionhaf aviation industry and the
development state of the technologies. Mitigation solutions to avoid degradation during
storage at subfreezing conditions include material selection, sitgjle stack and system
improved design (e.g. by reducing thermalssp preventing the stack from freezing by
keeping it warm and avoiding ice formation during storage (e.g. gas purging based solutions
at shutdown or using an antifreeze solution). But at extremely low temperatures-4@%C)
eliminating freezerelated camage by using gas purging methods consume too much time
and parasitic energy. Therefore, in extreme winter scenarios, the use of an antifreeze
solution during storage is recommended. Procedures for freeze-gfaere mainly based on
heating the stack tachieve temperatures above the freezing point as quickly as possible
and canbe classifiednto externalheating(e.g.usingan electricheater,catalyticburner, or

ametal hydride)andinternal heating(e.g. controllinghe voltage orthe reactantgases)
{AYOS AYUSNYylIt KSFEiGAy3a az2fdziAzya R2y Qi | 92AR
recommendedat temperatureswhererelevantice formation startsto occur(accordingo

the literature -15°C)In addition,guidelines to defineobust shutdownand startup
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procedures of PEMFC systems at subzero temperatures dovd@ tihat optimize durability
while enabling quiclandreliablefreezestart are provided.
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Abstract: The polymer electrolyte membrane fuel cell (PEMFC) is a promising candidate for
sustainablemobileapplicationsbut is proneto degradation Stateof-healthobserversassistin
extendingthe lifetime by enablingonlinediagnosisThisworkintroducesanovelstate-of-health
observersimultaneouslestimatingthe PEMF@ascomposition(for degradationdiagnosisand
adegradationrelatedtime-varyingparameter(to assesshe state of health).It isbasedon an
extended Kalman filter, and the modeling basis is a cordr@nted PEMFC model. The
validation is conducted via simulation where artificial degradation is considered, and the
excellentestimationresultsof oxygenmassandohmicmembraneresistanceare shown.
Introduction: The PEMFC has good prospects for replacing internal combustion engines in mobile
applications. However, the challenge of its limited lifeti(eay., carbon corrosion due to fuel
starvation)has to be resolved for increased market penetmatiHere, observers assist in resolving
the challengeby enabling online diagnosis (e.g., gas composition estimation). Observers
simultaneously estimating the curresstate of health and the internal gas composition for
degradatiordiagnosi®f PEMFOsavenot beenreportedin the literature. Thigpaperpresentsa state-
of-healthobservelbasedon a controloriented PEMFGtackmodel[1] to bridgethis knowledgegap.
Theobserverisbasedon anextendedKalmarfilter algorithm([2], andit simultaneoushedimatesthe
PEMFC gas composition andeggradationrelated timevarying parameter (bulk membrane ohmic
contactresistance)Thevalidationis conductedin a simulationstudy,andthe estimationresultsfor

the oxygenmass(MSE= n 1 “¥) and the membraneresistance(MSE= n i ®iare shown. The
estimationperformancdsexcellentwhichservesasthe basidor experimentalalidation.

Fuel Cell ModelThemodeling basis [1] is a zedimensional contrebriented PEMFC stack model
derivedfrom a 30 kW systen test stand.Thismodelis beneficiabecausat ismodeledin a physically
motivated way to obtain meaningful internalstates, andthe concentrationmodelingis
experimentallyalidated Themodelhasninestates(four massegachin the cathodeandthe anode,
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membrane water activity), teimputs (current, temperature, two pressures, two relative humidities,
two valvepositionsmasdlow, power),andfive outputs(stackvoltage three pressuresmasdgiow).
Stateof-HealthObserverThedesignedbserve isbasedn 2], anextendedKalmarfilter algorithm

for nonlinearsystems. Compared the standardsettingof state estimation,the modelstatevector
isextendedwith the observedime-varyingparameterdo estimatethemsimultaneouslySochanges

in degradationrelatedparameterswhich affect the outputs, allo® 2 y Of dzA A2y a | 6 2 dzi
stateof health. Thesgparametersaaremodeledasintegratedwhite noise.
ResultsThedesignedbserverisvalidatedin simulation,andthe usedexcitationsignalisa chirp
currentsignalasgivenin [1]. Thesignaisrepeatedmanytimesto reachanoverallexperimentiength

of 100 h, and an increasing trergdartificially implemented to the bulk membrane ohmic contact
resistancgo demonstratedegradation Gaussiamoiseis addedto the simulatedoutputs,servingas
the2 0 & S NI¥S N3 dpiBvRiéhprovidesdegradatiorandgascompositiorinformationfrom

the & NB | @nlytile@stiraationof the cathodeoxygenmassandthe resistanceare shownin Fig.1

to keepthiswork conciseTheassumedealsignalarethick,andthe estimatedcounterpartsarethin.

In Fig.1a,the observercorrectsthe wronginitializationswithin secondsandin Fig.1b, the estimation
followsthe increasindrend of the resistanceovermanyhours,indicatingdegradation.
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Fig. 1: Estimation results of cathode oxygen and bulk membrane contact resistance. MSE is based on the 100 h experiment.
ConclusionsA stateof-health observer was developed based on a corti¢énted PEMFC

model, which simultaneously estimates gas composition and degradation. It is validated via
simulation, and the result igromising to pursue the research in this direction. The following
stepsare amorein-depth resultsanalysisanda validation with reakexperimentaldata.
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Abstract A novel approach to estimate degradation of a PEM fuel cell during dynamic
operation based on the extended Kalman filter is presented. The algorithm is tested on
measurement data. A good agreement between measurement and observer is obtained for
the wholelifetime. Theestimatedchangein Stateof-Health alignsvith literature.

Introduction: PEM fuel cell vehicles are considered to be a major contender for electric
vehicles due to many advantages, such as-piglver density, zer@&mission technology and

fast refuelling technology. However, the lifetime of fuel cell systemsused in dynamic
applications is still limited due to degradation, resulting in a significant loss of performance
and efficiency over time. To actively prevent degradation during dynamic aperdahe use

of advanced modédbased control strategies is essential. As degradation progresses, the
system behaviour changes and the initial model may no longer be able to adequately predict
the cell behaviourTo counteracthis, state and parameter obseversare deployed.

Objectives: Using an extended Kalman filter (EKF) and a physoaliivated model [1]
augmented with a Statef-l S| f G K 6 { 2 doithe KharR)a i0 systenNhehaviour due

to degradationis estimated.ThisSoHindicatoris correlatedwith a changen electrochemical
properties,in particularthe membraneconductivity.Theaddition of the SoHindicatorto the
model provides a good match between measurement and observer over the entire lifetime
while requiringminimalcorrectiveactionof the physicalktatesby the observerandproviding
informationon the currentSoHof the fuel cellduring operation.

Material and methods: A constrained EKF is implementeth combination witha zere
dimensional performance model [1]. The nbmear model is augmented to include a SoH
indicator that detects changes in membrane conductivity. The proposedoBsétver is
tested on single cell measurementdata [2] imitating driving conditions through the
standardised FuelellDynamic Load Cyc(ECDLC)protocol.

Results: Figure 1shows the performance of th&oHobserver. Atthe beginning of life
measurementsimulationand observeralignandthe SoHindicatoris estimatedto be around

one. Over time, the difference between simulation and measurementincreasesas
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