Molten carbonate fuel cells could have a significant role to play in reducing society’s overall carbon
footprint, but contaminants can limit their lifetime and effectiveness. Dr Stephen McPhail of the MCFCContex project tells us about their research into how to prevent the contamination of the fuel cell stack

The future of fuel cells
Reducing our carbon footprint is widely
acknowledged as one of modern society’s
top priorities. Molten carbonate fuel cells
offer rich potential in these terms as a way
to both capture CO2 emissions and provide a
source of renewable energy, but the presence
of contaminants can cause them to degrade
and lose effectiveness over their lifetime,
an issue researchers from the MCFC Contex
project are working to address. “We’re
looking at the degradation phenomena in
molten carbonate fuel cells (MCFCs), which
are fed with biogas from waste water
treatment. We’re looking especially at how
to prevent the contamination of the fuel cell
stack from all the contaminants that are
likely to come from the biogas,” outlines Dr
Stephen McPhail, the project’s
scientific coordinator. In MCFCs any
hydrocarbon fuel can be converted
into electricity, but fuel processing and

conditioning (i.e. purification) need to be
specifically and carefully designed; Dr
McPhail says monitoring gas quality is an
important issue in this regard. “We aim to
ensure that the right quality of fuel is sent
to the MCFC stack,” he explains. “That is
important because it allows you to control
the stack and possibly intervene if critical
conditions arise. It also allows you to really
optimise the design of the clean-up system,
so that you don’t over-dimension it – or
under-dimension it for that matter.”

Carbon capture
During operation of the MCFC, fuel is fed to
the anode side where electricity is
generated, and an oxidant – usually air – is
fed to the cathode side, which releases the
energy from the fuel without burning it:
this is the secret of the MCFC’s ultra-clean
power generation. In the process, CO2 is
extracted from the cathode stream, which
opens up a potentially enormous range of

new applications. The project is also
looking at using MCFCs in the outlet
streams of conventional, combustion-based
power plants to separate the CO2 in exhaust
fumes, which could help countries reduce
emissions in line with the targets set out in
the Kyoto and Lisbon protocols. While
developing renewable energy would seem
the most sustainable, long-term route to
this goal, Dr McPhail believes it’s also
important to think about more immediate
measures.
“Carbon
capture
and
sequestration is a technology that bridges
to a future energy system in which there’ll
be much more input from renewables,” he
says. In the case of both carbon separation
and when used with biogas from waste
water treatment, the presence of
contaminants can affect the performance
of
MCFCs.
“The
most
important
contaminants are of either sulphurous or
silicon origin. They are the main
contaminants we’re looking at,” continues
Dr McPhail. “With the CO2 separator we’re
looking at a different kind of gas, the tailpipe gas from a power plant. There the
sulphurous oxides are the main
contaminants - they react electrochemically with the anode, which
is on the fuel side of the MCFC.”

Aerial view of Waste-Water treatment facility
at Matar ó, Spain
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These contaminants can have a
significant impact on the effectiveness of
a fuel cell. When sulphur enters an MCFC
it reacts in a negative way, in the sense
that it almost de-activates the nickel,
which is the active material in the anode.
“The nickel is usually used to make the
hydrogen react, but if sulphur is mixed in
with the hydrogen then the sulphur reacts
with the nickel preferentially over the
hydrogen. So it creates a nickel sulphide
species which is no longer active towards
the hydrogen reaction. So basically what
you have is a gradual loss in performance
of the fuel cell that can even lead to a
catastrophic failure if the sulphur is
significant, or if exposure is longer than a
certain time. Siloxanes have a different
effect. They are basically glassy
compounds – the risk there is that they
deposit on the fuel cell and create a
completely inactive silicon layer,” says Dr
McPhail. With carbon separation, the
project is looking at the contaminants on
the air side. “The fuel cell will be fed on
the fuel side with a regular fuel, like
natural gas, which is clean. On the cathode
side – the air side – it would be fed with
the outlet gases from a conventional
power plant (a coal-fired plant for
example) and it would extract the CO2
from there, avoiding its emission to the
atmosphere where it would increase the
greenhouse effect,” explains Dr McPhail.
A lot of combustion products are
filtered out before the flue gas is emitted
into the atmosphere to meet existing
regulations on emissions of nitrous
oxides, sulphurous oxides and organic
compounds. These contaminants have
different effects on the performance of

the fuel cell. “The fuel cell is extremely
sensitive to sulphur, because it reacts
catalytically. Also, sulphur tends to
travel through the cell and react at the
fuel side, despite the fact that it’s fed at
the cathode side. On the other hand, other
contaminants like nitrous oxides seem to
have no effect on the fuel cell,” says Dr
McPhail. On the biogas side of the
project’s work, researchers are looking at
the way the fuel cell behaves with
different biogas compositions, especially
from waste-water treatment. “We’re
looking at a kind of validation and

advised that even a low level is
unacceptable. “It’s much more costeffective to focus on the clean-up system,
and make it totally reliable than to try and
develop a fuel cell stack that is more
resistant to these very insidious
contaminants,” explains Dr McPhail. “Our
work on the design of an optimal clean-up
system will lead to a prototype that will be
run directly at a municipal waste-water
treatment site in Spain.” The composition
of the gas is an important issue in this
regard, so the project is also working to
develop a system to detect gas composition

We’re looking at the degradation phenomena in molten
carbonate fuel cells, which are fed with biogas from waste
water treatment. We’re looking especially at how to avoid the
contamination of the fuel cell stack from all the
contaminants that are likely to come from the biogas
benchmarking of the cell components
with different biogas compositions,”
continues Dr McPhail. “We started an
investigation into the maximum toxicity
levels acceptable for the fuel cell stack.
Now we’re shifting more towards the
secondary application of the fuel cell and
seeing what the effect is of cathode-side
pollutants like sulphurous oxides. The
contaminant effects there are rather
unknown because of this mechanism that
transports the sulphurous oxides from
the air side to the fuel side.”
This research is in line with feedback
from industry. While MCFCs can still
function with some level of contamination,
the project’s industrial partners have

and contaminants. “We’re looking at an
innovative system for measuring the
complete composition of the biogas in real
time, so we have a continuous, sensitive
system that controls the quality of the gas
going through the clean-up system and
coming out,” outlines Dr McPhail. “That
system is being worked on by the Technical
University of Munich, and it couples laserinduced plasma spectroscopy with Raman
spectroscopy to analyse the main
components and the trace contaminants.
These trace contaminants are the most
important, because they can potentially
destroy the stack – it’s a real challenge to
detect really low concentrations of
contaminants on line, in real-time.”

Waste-Water treatment facility at
Matar ó, Spain
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Transportable system

Full Project Title
Molten Carbonate Fuel Cell catalyst and
stack component degradation and
lifetime: Fuel Gas CONTaminant effects
and EXtraction strategies (MCFC-CONTEX)

The project aims to develop a transportable
system which can provide instant analysis
of the gas composition in that particular
location. This means combining plasma
spectroscopy and Raman spectroscopy in
a single machine, which Dr McPhail says
is a technically demanding task. “We aim
to calibrate all the spectra from these
analysis techniques to identify all the
various compounds and components in
biogas,” he outlines. These compounds
will have an impact on the lifetime of the
fuel cell, so researchers are also working

Project Objectives
• To increase understanding of
poisoning mechanisms in the MCFC
• Define safe operating condition limits
for the MCFC
• Set up a numerical model for
prediction of contaminant-induced
degradation effects
• Develop a prototypal clean-up system
optimized for upgrading waste-water
biogas to MCFC requirements
• Develop a reliable trace species
detection system for monitoring of
fuel quality and process control
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As recently as ten years ago molten
carbonate fuel cells lasted a maximum of
about 20,000 hours, even in perfectly clean
and controlled conditions. Following
several important research advances they’re
now guaranteed for about 40,000 hours,
equating to around five years of operation;
this is a significant improvement, but Dr
McPhail says there is still room for further
development. “MCFCs work through a very
clean process, but because of that their
operating conditions need to be carefully
controlled. These active components – the
anodes, cathodes and electrolytes – do tend

Carbon capture and sequestration is a technology
that bridges to a future energy system in which there’ll
be much more input from renewables
on models to predict how certain
conditions will affect the performance of
the stack over time. “We’re really
interested in having a model that can
predict how certain conditions will
influence the performance of the stack
over 10,000, 20,000, 30,000 hours. It
would be very beneficial to have a model
that can accurately respond to all the
variations in composition that we see, so
that its kinetic behaviour and its reaction
to changes in the inputs is representative
of what happens in a real fuel cell,” says
Dr McPhail. “So what happens if I change
the fuel composition from a 60–40 balance
between methane and CO2 to 40-60, or if I
change the humidity level from 10 per
cent to 50 per cent? And how will that
affect the ultimate lifetime – and therefore
payback time – of the MCFC stack?”

to age in operation,” he says. The MCFC is
already well positioned in the commercial
market, with sizes ranging from 300
kilowatts to multi-megawatts; Dr McPhail
says the MCFC should now target the double
figure scale of megawatts. “This is a sought
after size in power generation in terms of
de-centralisation, moving away from big,
centralised power plants controlled and
managed by extremely big multi-nationals
and the fuel industry, to a more distributed
system which could work better for large
organisations,” he outlines. “Large farms,
food industries, municipal facilities etc.
often have a lot of organic waste to get rid
of. That is a cost item. If you can convert it
into fuel, and that fuel to highly efficient
and ultra-clean electricity, which can be
done with these waste flows, you can turn
cost into profit.”

Dr.Ing. Stephen McPhail

Project Coordinator

Mechanical Engineer specialising in fuel cell
systems, PhD in microfluidics, professionally
active in research on high-temperature fuel
cells since 2007, especially in combination
with renewable energy sources. Member
of the “Advanced Fuel Cells” Implementing
Agreement of the IEA (Annexes 23 and 24)
and of Working Group 11 (SOFC) of the IEC’s
Technical Committee 105.

900 kW MCFC power plant running on biogas from Waste water treatment (Tulare, USA)
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