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Editorial
Welcome to the FluidCELL project. A three year project focussed on the development of a
high efficiency bio-ethanol fuel cell based heat and power generation system through
innovative design of membrane reactor technology for pure hydrogen production, and
optimization of the integrated system. FluidCELL is a joint effort of a multidisciplinary and
complementary team of 9 European partners. The project is partly funded by the European
Community's 7th Framework Programme for the Fuel Cells and Hydrogen Joint Technology
Initiative.
The present newsletter is the first release of the biannual letter that will be published by
FluidCELL presenting the progress on the project and highlighting information related to the
R&D fields addressed. Hope you will find the info in this newsletter interesting. More info
could be found in our website www.fluidcell.eu.
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What is FLUIDCELL?
Concept
The FluidCELL project aims at developing an advanced m-CHP fuel cell system for
decentralized off-grid applications. The new m-CHP will be based on a novel bio-ethanol
fluidised bed catalytic membrane reformer and the most advance technology at the fuel cell
level. Taking advantage of, a) bio-ethanol, representing a non-toxic, high energy density,
easy handling and commercially available worldwide as a renewable energy supply, b) the
fuel cell, that combines high efficiency, low emissions, and low noise, and finally c) Catalytic
Membrane Reactor (CMR) achieving, high hydrogen conversion rates, lower working
temperatures and smaller physical footprint, FluidCELL targets giving an answer to the large
number of off-grid decentralized energy consumers that actually depend on expensive and
high polluting sources such as LPGs, bottle gas, heating oil or solid fuels.

Figure: Schematic of FLUIDCELL concept

Target
The general objective of FLUIDCELL is to prove the concept of a novel bio-ethanol
catalytic membrane reformer based microCHP system for decentralized off-grid applications
while reducing the system cost from the state of the art to achieve cost bellow 5,000 €/kWel
in mass production.
The target is a net electric efficiency higher than 40% using bioethanol and an overall
efficiency higher than 90 %.
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Project objectives
FluidCELL aims at developing a high efficient m-CHP system based on: i) design,
construction and testing of an advanced low temperature bio-ethanol membrane reformer
for pure hydrogen production with optimization of all the components of the reformer
(catalysts, membranes, heat management, etc) and ii) the design and optimization of all the
components for the integration of the system including the Fuel Cell Stack and its assembly
(Reformer and Fuel Cell).

System schematic layout

This general objective is directly related to the development of the novel catalytic
membrane reactor (CMR) for hydrogen production with:


Improved performance (high conversion at low temperature for the autothermal
reforming reaction)



Enhanced efficiency (electrical efficiency of > 40 % compared to conventional 34 %)



Lifetime ambition (>40,000 hours) under CHP system working conditions



Extremely reduced CO2 emissions compared to conventional fossil fuels.



Good recyclability of its individual components and safety aspects for its integration in
domestic CHP systems
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Scientific and Technical challenges
The technical objectives on component level needed to achieve these goals with the bio-ethanol
Catalytic Membrane Reformer based m-CHP system are the following:



Application of advanced, active and selective, catalysts under moderate (< 500ºC)
conditions and reduced cost.



Application of new hydrogen permeable membrane materials with improved separation
properties, long durability, and with reduced cost, to be used under reaction conditions.



To assess the large-scale production of the membrane development.



Understand the fundamental physico-chemical mechanisms and the relationship
between structure/property/performance and manufacturing process in membranes
and catalysts, in order to achieve radical improvements in membrane reactors.



To design, model and build up novel more efficient (e.g. reducing the number of steps)
bioethanol catalytic membrane reactor configurations based on the new membranes
and catalysts for small-scale pure hydrogen production (3.5 Nm3/h of hydrogen).



To validate the new membrane reactor configurations, and design a semi-industrial
Reforming prototype for pure hydrogen production (3.5 Nm3/h).



To improve the cost efficiency of membrane reactors by increasing their performance,
decreasing the raw materials consumption and the associated energy losses.

Partnership
The FluidCELL consortium gathers
9 organisations from 6 Member
States (France, Italy, Netherlands,
Portugal, Spain and Switzerland).
With 2 research institutes (CEA
and TECNALIA), 4 universities
(POLIMI, UNISAL, FEUP and
TU/e), 2 SMEs (QUANTIS and
HYGEAR) and one large company
(ICI)
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Project structure
The project is structured and divided into ten well-defined objective-oriented work
packages following the focus on efficiency improvement of the overall m-CHP system.

FLUIDCELL in progress
The latest new on different WP activities are now reported:

Industrial specifications of Fuel Cell CHP system
A review of systems for simultaneous production of useful heat and electricity (Combined
Heat and Power, CHP) is investigated. The focus is on devices with an electrical power
output up to 50 kW, defined micro-CHP systems, according to the definition given in
Directive 2004/8/EC. The field is further restricted to devices suitable for home installation
and only a small fraction of products satisfy this constrain.
The aim is to provide an overview of the state-of-the-art of micro-CHP systems currently
available on the market as systems near to commercialization. A focus on state-of-the-art
fuel cell based CHP system will be provided, with particular attention to those feed by bioethanol.
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Afterwards, industrial specification in terms of efficiency and costs for the micro-CHP system
was carried to make the system competitive on the market. This analysis took into account
several scenarios according to the different energy conditions in Europe.

Novel catalytic Formulations
UNISA explored some catalytic formulation, supported on cerium-oxide that was found an
interesting support for various metals, since it






significantly increases the H2 yield;
strongly favours the acetaldehyde route to COx and H2 instead of its decomposition into CO
and methane, due to the fast oxidation of the CH3 groups of acetaldehyde, related to the
well know oxygen storage capability and mobility of the support;
favours the direct composition of water into hydrogen and not only into OH groups;
inhibits the dehydration route to ethylene, that is a coke precursor, and promotes CHx
oxidation and surface cleaning along the steam reforming process. For this reasons, the
catalysts stability is improved.

Research activity was focused on bimetallic catalysts, where one metal acts as sites for organic
species and another metal acts as sites for oxygen-containing species, supported on cerium oxide or
ceria (CeO2) and ceria-zirconia (CeO2-ZrO2): it has aroused interest in the scientific community due its
ability to release and store oxygen: this allows improved catalysts performances such as in the
water-gas shift reaction and ethanol dehydrogenation, stabilizing the dispersion of the precious
metal and increasing the sintering resistance.
UNISA was involved in the preparation of diverse catalysts, basing on this literature review and
previous experience in the reforming processes.
The first samples of catalyst supports (CeO2 and CeO2-ZrO2) with different mean diameters were
tested in the first decade of July in TU/e laboratories, with the aims to verify their fluidization in the
bed reactor there available, and possible interactions with the membranes. The results of these tests
highlighted the non-optimal fluidization of these supports as such: so other supports with high
values of SSA, on which deposit CeO2 or CeO2-ZrO2 and then the active species will be used. The
supports that can be considered are: SiO2, ZrO2-SiO2, Al2O3, lanthanum-modified alumina.
.

Novel Membrane development
TECNALIA is developing two types of membranes within FluidCELL project: thin film
membranes and pore-filled membranes. The objective for these membranes is to have high
H2 permeance and selectivity, and durability under conditions of bioethanol reforming MR
in a fluidization regime (<500ºC).
On one hand, thin film (<5 microns thick) Pd-Ag membranes are being deposited on top of
both ceramic and metallic supported membranes. For the metallic supported membranes, a
ceramic layer is being developed.
For the pore-filled membranes, alumina and zirconia based nanoporous layers are being
developed during the first months. The physico-chemical properties of the prepared
membranes will be characterized, as well as their permeation properties together with
TU/e.
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Lab scale bio-ethanol catalytic membrane reformer
The work on the lab scale reformer focused on the integration of the new membranes
and the new catalyst to check stability of the components and interaction between them.
The first generation membranes show permeation characteristics close to the one expected.
The first generation catalyst support did not pass the attrition tests, while the second
generation shows already better stability. The next step will be the test of the interaction
between catalyst and membrane.

Design and Manufacturing of novel bio-ethanol catalytic
membrane reformer
The design of the pilot scale reactor is planned to begin during the second semester of
the project. Today HyGear is working in close collaboration with the research partners
running test at lab scale in order to incorporate the know-how into the larger scale
prototype.

Fuel Cell Stack
CEA and UPORTO have started this summer the technical work on the fuel cell aspect,
while a state of the art is ongoing at POLIMI. This preparatory phase has allowed proposing
operating conditions ranges to be confirmed by the consortium as suitable for the system
and reformer developed, before being applied for the qualification of the fuel cell
components. Reference components are defined by CEA and will be shared to get
comparable results from UPORTO at single cell level and from CEA at stack level. Based on
this, first reference tests have been defined; decisions have been taken for the needed
adaptation of testing devices at UPORTO; preliminary performance tests are conducted on a
reference stack.

Integration and Proof of Concept of m-CHP system
In this WP, the activity focused on the definition of the reference case to be adopted in
FLUIDCELL project. Definition of lay-out and performances of the reference case are ongoing and will be completed in the second part of this year.

LCA and Safety analysis
The objectives of the LCA and Safety analysis for the period are focused on environmental
Life Cycle Assessment (LCA) preliminary activities. Quantis worked in collaboration with the
partners to clearly define the goal and scope of the LCA.
Three types of systems will be compared with the FluidCELL system:
o FC micro-CHP reference system
o CHP systems other than FC systems (internal combustion engine and external
combustion stirling engine)
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o non-CHP systems (electricity from the grid + average heat mix in the
considered country, and electricity from wind power + heat from solar-gas
system)
The next steps are the data collection process in collaboration with the partners, and the
calculation of the screening LCA results for the mentioned systems.

Highlights
Dissemination activities, publications and presentations:
 FLUIDCELL public presentation available on the website
http://www.fluidcell.eu/content/presentations

Upcoming events

6 - 8 October 2014

14th Fuel cell forum for producers and users, Messe Stuttgart,
Germany
http://www.f-cell.de/english/service/outlook-2013/

10 - 13 November 2014

Fuel Cell Seminar & Energy Exposition, Westin Bonaventure, Los
Angeles, CA
http://www.fuelcellseminar.com/

12 - 13 November 2014

15th Aachener Membran Kolloquium, AMK Aachen, Germany
http://www.avt.rwth-aachen.de/AMK/

9 - 12 December 2014

EMHYTEC,
Euro-mediterranean
Hydrogen
conference, Taormina, Italy
http://www.itae.cnr.it/emhytec2014/

20 - 21 November 2014

Scale-up of Pd Membrane Technology From Fundamental Understanding
to Pilot Demonstration, ECN, Petten, The Netherlands

technologies

http://www.reforcell.eu/pdfs_documentos/Workshop2014-flyerfinal.pdf

1 - 3 December 2014

CARISMA 2014 Conference, Cape Town, South Africa
http://www.carisma2014.com/index.php

25 - 30 January 2015

9th Int. Symposium Hydrogen & Energy, EMMETTEN, Switzerland
http://hesymposium.ch/

27 - 28 April 2015

Hydrogen + Fuel Cells Summit 2015, Vancouver, BC, Canada
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http://www.hfc2015.com/about/
28 June - 2 July 2015

ASME Power & Energy 2015, San Diego, CA
http://www.asmeconferences.org/POWERENERGY2015/index.cfm

30 June - 3 July 2015

5th European PEFC & H2 Forum, KKL, Lucerne, Switzerland
http://www.efcf.com/

6 - 10 September 2015

Euromembrane 2015, Aachen, Germany
http://www.avt.rwth-aachen.de/Euromembrane2015/index.php

11 - 14 October 2015

6th WHTC World Hydrogen Technology Convention, Sydney,
Australia
http://www.whtc2015.com/

13 - 17 June 2016

21th WHEC World Hydrogen Energy Conference, Zaragoza, Spain
http://www.whec2016.es/
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FLUIDCELL in figures:
 9 partners (6 RES, 1 IND, 2 SME)
 6 countries
 4.2 M€ project (2.4 M€ EU funded)
 Start April 2014
 Duration: 36 months
 Key milestones:
 December 2015 - Pilot scale prototype ready
 April 2016 – Selection of fuel cell stack
 August 2016 - Testing of the m-CHP system
 January 2015- Validation of the m-CHP system
Project manager:
TECNALIA - Materials for Energy
Dr. José-Luis Viviente
joseluis.viviente@tecnalia.com

Dissemination manager:
Dr. Giampaolo Manzolini
Politecnico di Milano
giampaolo.manzolini@polimi.it

Technical manager:
D. Fausto Gallucci
TU/e
f.gallucci@tue.nl

Exploitation manager:
Dr. Leonardo Roses
HyGear B.V.
leonardo.roses@hygear.nl

More information on FLUIDCELL (including a non-confidential presentation of the project)
is available at the project website:
http://www.fluidcell.eu
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Advanced m-CHP fuel CELL system based on a novel bio-ethanol
Fluidized bed membrane reformer
FLUIDCELL
Summary:
Thin Pd film membrane

The FluidCELL project aims at developing an advanced m-CHP fuel
cell system for decentralized off-grid applications. The new m-CHP
will be based on a novel bio-ethanol fluidised bed catalytic
membrane reformer and the most advance technology at the fuel
cell level. Taking advantage of, a) bio-ethanol, representing a nontoxic, high energy density, easy handling and commercially available
worldwide as a renewable energy supply, b) the fuel cell, that
combines high efficiency, low emissions, and low noise, and finally c)
Catalytic Membrane Reactor (CMR) achieving, high hydrogen
conversion rates, lower working temperatures and smaller physical
footprint, FluidCELL targets giving an answer to the large number of
off-grid decentralized energy consumers that actually depend on
expensive and high polluting sources such as LPGs, bottle gas,
heating oil or solid fuels.
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