Advanced m-CHP fuel CELL system based on a novel bio-ethanol
Fluidized bed membrane reformer
FLUIDCELL
Newsletter – Project ended
Editorial
Here we are with the last release of FluidCELL newsletter! After more than one year from
the latest issue we can announce that we have the prototype ready and working
(sometimes yes, sometimes no), but we cannot be too demanding from the first unit of a
new species of m-CHP systems. Anyway, we gained a lot of experience from this project,
and caught some key-learnings for further development of the technologies related to
membrane reactors and fuel cells.
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What is FluidCELL?
If you are not yet familiar with the project, find here a summary of the concept and
targets; otherwise skip to the next session!

Motivation and concept
An increase in the energy efficiency and a reduction of the greenhouse gas emissions can
be easily achieved with the diffusion of cogeneration (Combined Heat and Power, CHP). In
particular, the residential sector, which accounts for about 30% of primary energy
consumption in Europe, is an appealing market for micro-CHP devices and innovation is
required in the field. The FluidCELL project aims at developing an advanced m-CHP fuel cell
system for decentralized off-grid applications, rated at 5 kWel. Taking advantage of a) bioethanol, representing a non-toxic and commercially available renewable fuel, b) the fuel
cell, that combines high efficiency, low emissions and noise, and finally c) the Catalytic
Membrane Reactor, achieving high hydrogen conversion rates and low working
temperatures, FluidCELL addresses the large number of off-grid energy consumers that
today depend on expensive and high polluting sources such as LPG, heating oil or solid fuels.

Targets
The general objective of FluidCELL is to prove the concept of a novel bio-ethanol microCHP system for decentralized off-grid applications while reducing the system cost from the
state of the art to achieve cost below 5000 €/kWel in mass production. The target is a net
electric efficiency higher than 40% using bioethanol and an overall efficiency higher than
90%. Both the target of high electric efficiency and low capital cost can be achieved thanks
to the process intensification that comes from the adoption of the membrane reactor
instead of a conventional fuel processor, and the fuel cells as electric generator. Fewer steps
for hydrogen production and controlled red-ox reactions minimize the energy losses and the
required equipment. The concept of process intensification is depicted in Figure 1.
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Figure 1. Comparison of conventional and innovative fuel processor for m-CHP systems.
www.fluidcell.eu
FLUIDCELL final newsletter

Innovation? We did it!
After more than four years of work, finally the prototype is ready, assembled and tested.
Discover the features of the key-components and the performance of the very first
prototype of such innovative m-CHP system.

Key-components features
Catalyst: formulation of a catalyst for low-temperature ethanol reforming, resistant to
fluidization conditions. The mechanical support is made of SiO2, the catalyst active phase
has CeO2 support that promotes the dissociation of water and ethanol, Ni that favors the CC bond break, Pt that enhances the WGS activity.
Membranes: 37 membrane tubes have been prepared for the reactor. The Pd-Ag alloy (3-5
μm thickness) is deposited on the ceramic tubular support (Al2O3, 100 nm pore size, 400 mm
length, 10/4 mm outer/inner diameter). The sealing of the membrane tubes is made by
graphite ferrules.
Reactor: the reactor has been designed and manufactured for a wide range operation
(down to 40% of the nameplate data) and a numerical model developed for its analysis and
optimization.
Fuel cell stack: the MEA materials for the best operation have been selected and tested on
single cells and on a short stack in conditions relevant for the m-CHP system, and finally the
120 cells stack assembled for the prototype.

Integration and proof-of-concept of m-CHP system
After the Factory Acceptance Test of the fuel processor as a stand-alone unit at HyGear,
the complete m-CHP system is assembled by ICI Caldaie (Figure 2). The start-up of the
system takes some hours because the membranes and the catalysts can undergo only slow
heating rates (a few degrees per minute), after that a stable and continuous operation is
achieved for several hours also changing the operation conditions. Unfortunately, the
hydrogen output is below the expectations and the reason will be investigated after the
decommissioning of the reactor through the analysis of the catalyst and the membranes. In
Figure 3 the main operation parameters are depicted for a 48 hours long test.
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Figure 2. Complete m-CHP system and details of the PEM fuel cell circuits during tests at
ICI Caldaie lab.
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Figure 3. Results of membrane reactor operation.

LCA indicates the right way
Despite the difficulties encountered during the experimental campaigns, we still believe
in this new concept for m-CHP systems, and analysed the possible performance of the
optimized device in off-grid applications (Figure 4). The bioethanol is used to feed the mCHP system that produces electricity and heat for a family house. The electric load is fully
covered by the m-CHP device, while the thermal load requires an auxiliary unit, in the
current assessment an electricity-driven heat pump. The performance of different m-CHP
systems has been compared through the simulation of annual operation and using the Life
Cycle Assessment (LCA) method.
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Figure 4. Possible devices and energy flows in an off-grid house powered by m-CHP system
The LCA shows that the main contributor to the impacts of the system is clearly the
bioethanol production and delivery (Figure 5). The use of heavy metallic pieces and rare
metals (platinum, palladium and ruthenium) has only a minor impact, thanks to the
possibility of recycling (negative contributions in the plot). Based on these findings, all
actions that can increase the global efficiency and hence reduce the fuel consumption
should be explored to reduce the impacts. A key element is to select low-impact bioethanol.
In fact, as the production and delivery of 1st generation bioethanol is the most impacting
phase for all the indicators considered (climate change, use of resources and water, human
and environment health), the use of 2nd generation bioethanol substantially reduces the
scores for all of these indicators (Figure 6).

Figure 5. Break down of impacts resulting from LCA.
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Figure 6. Impacts related to the operation of the m-CHP system using 1st or 2nd generation
bioethanol.

Publications
Do you want to know more about technical details of the project? We published a long
series of scientific papers that report our work, from simulations to laboratory tests.

Title

DOI

Morphology and N2 Permeance of Sputtered Pd-Ag Ultra-Thin Film 10.3390/molecules21020210
Membranes
Development of highly permeable ultra-thin Pd-based supported
membranes

10.1016/j.cej.2015.11.060

Preparation and characterization of ceramic supported ultra-thin
(~1 μm) Pd-Ag membranes

10.1016/j.memsci.2017.01.011

Advanced m-CHP fuel cell system based on a novel bio-ethanol
fluidized bed membrane reformer

10.1016/j.ijhydene.2017.03.162

Palladium based membranes and membrane reactors for hydrogen 10.1016/j.ijhydene.2017.03.067
production and purification: An overview of research activities at
Tecnalia and TU/e
Direct route from ethanol to pure hydrogen through autothermal
reforming in a membrane reactor: Experimental demonstration,
reactor modelling and design

10.1016/j.energy.2017.11.031
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Pt–Ni based catalyst for ethanol reforming in a fluidized bed
membrane reactor

10.1016/j.ijhydene.2016.08.045

Performances of a m-CHP system based on fluidized bed membrane 10.1016/j.ijhydene.2016.03.210
reactor fed with bio-ethanol and PEM fuel cell
Experimental investigation of PEM fuel cells for a m-CHP system
with membrane reformer

10.1016/j.ijhydene.2017.08.046

A comprehensive model of a fluidized bed membrane reactor for
small-scale hydrogen production

10.1016/j.cep.2018.01.018

Optimization of PEM Fuel Cell Operation with High-purity Hydrogen 10.1002/fuce.201700119
Produced by a Membrane Reactor
Achievements of European projects on membrane reactor for
hydrogen production

10.1016/j.jclepro.2017.05.122

Activity and Stability of Novel Silica-Based Catalysts for Hydrogen
Production via Oxidative Steam Reforming of Ethanol

10.3303/CET1652012

Oxidative steam reforming of ethanol on mesoporous silica
supported Pt-Ni/CeO2 catalysts

10.1016/j.ijhydene.2016.05.071

Coke-resistant Pt-Ni/CeO2-SiO2 Catalysts for Ethanol Reforming

10.3303/CET1757280

Influence of catalytic formulation and operative conditions on coke 10.3390/en10071030
deposition over CeO2-SiO2 based catalysts for ethanol reforming
Renewable Hydrogen from Ethanol Reforming over CeO2-SiO2
Based Catalysts

10.3390/catal7080226

Highly active and stable Pt-Ni/CeO2-SiO2 catalysts for ethanol
reforming

10.1016/j.clepro.2017.08.036

Enhancing Pt-Ni/CeO2 performances for ethanol reforming by
catalyst supporting on high surface silica

10.1016/j.cattod.2017.05.034

Oxidative steam reforming of ethanol in a fluidized bed over CeO2- 10.1016/j.renene.2018.02.118
SiO2 supported catalysts: effect of catalytic formulation
Three-dimensional modelling of PEMFC with contaminated anode
fuel

10.1016/j.energy.2018.03.162
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