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Title: WATER RECOVERY IN THE ANODE SIDE OF A
FROTON EXCHANGE MEMBRANE FUEL CELL

FIELD OF THE INVENTION

This invention relates to ¢lectrochemical fuel cells. More pariicularly,
this invention relates to electrochemical fuel cells which employ hydrogen as a fuel
and receive an oxidant to convert the hydrogen to electricity and heat, and which

utilize a proton exchange membrene as the electrolyte.

BACKGROUND OF TH ENTI

Generally, a fuel cell is a device which converts ike energy of a
chemical reaction into electricity. It differs from a battery in that the fuel celt can
generate power as long as the fuel and oxidant are supplied.

A fuel cell produces un olectrometive force by bringing the fuel and
oxidant intu conrtact with two suitable electrades and an electrolyte. A foel, such as
hydrogen gas, for example, is introduced at a first elecirode where i1 reacts
electrochemically in the presence of the electrolyte and catalyst to produce electrons
and cations in the first electrode. The clectrons are circnlated from the first
electrade 1o a second electrode through an electrical circuit connected between the
electrodes. Cations pass fhrough the slectrolyle to the second elecirode.
SQimultanecusly, an oxidant, typically air, oxygen enriched air or oxygen, is
introduced to the second electreds where the oxidant reacts elecirochemically in
presence of the elecizolyte aod catalyst, producing anions and consuming the
electrons circulated throngh the electricel circuit; the cations are consumed at the
second efectrode. The anions formed at the second electrode or cathode react with
the cations to form a reaction produci. The first electrode or anode may
alternatively be referred to a3 a fizel or oxidizing electrode, and the second electrode
may alternatively be referred to as an oxidant er reducing electrode. The half-cell
reactions at the two electrodes are, respectively, as follows:

Hy = 2H' + 267

1420 + 2H' +2¢" = H;0
The external clectrical citeutt withdraws elecirical current and thus receives

electrical power from the cell. The ovecall fuel cell reaction produces electrical

JP 2004-503073 A 2004.1.29
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energjr which is the sum of the separate hali-cell reactions writien above. Water and
heat are typical by-products of the reaction.

In practice, fuel cells are not operated ns single units. Rather, fuel cells
are connceted in series, stacked one on 1op of the other, or plzced side by side. A
series of fuel cells, refermed to as fuel cell stack, is normally enclosed in a housing,
The fie) and oxidant are directed through manifolds to the slectrodes, while coeling
i3 provided either by the reactants or by & coeling mediur, Also within the stack
are current collectors, cell-to-cell seals and, insulatlon, with required piping and
instrumentation provided externally of the fusl cell stack. The stack, hausing, and
associates hardware meke up the fuel cell modute,

Fuel cells may be classified by the type of electrolyte, either liquid or
solid. The present invention is primarily ecncerned with fiel cells using a solid
electrolyte, such es a proton exchange membrane (PEM). The PEM has to be kepi
medst with water because the available metnbranes will not operate efficiently when
dry. Consequently, the membrane requircs constani humidification during the
operation of the fue] cell, normally by adding water to the reactant gases, usually
hydrogen and air.

The proton exchange membrane used in a solid polymer fuel ceil acts as
the electrolyte as well as a barzier for preveating the mixing of the reaciant gases.
An example of a suitzble membrzne is a copolymeric periluarccarbon material
containing basic umils of a flucrinated carbon chain and sulphonic acid sroups.
There may be variations in the molecular configurations of this membrape.
Fxcellent performances are pbisined using these membranes if the fuel cells are
coperated under fuily hydrated, essentially water-saturated conditions. As such, the
merabrane must be continuously humidified, but at the sume time the membrane
must not be over humidified or floeded as this degrades performanges. Furthermore,
the temperature of ihe fuel cell stack must be kept above freezing in order to
prevent fieezing of the stack,

Coaling, bumidificatiop and pressurization reguirements increase the
cost and complexity of the fuel cell, reducing jts commercial appeal as an

alternative energy supply in. many applications. Accordingly, advances in fel cell

JP 2004-503073 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(15)

WO 0147311 PUTIC AV AOBSS

20

235

30

23

research are enabling fuel eeils to operate without reactani conditioning, and under
air-breathing, atmospberic conditions while maintaining usable power output.

The ciirrent state-of-the-arf in fuel cells, although increasingly focusing
on simplified air-breathing, stmospheric desigas, has not adequately addressed

operations in sub-zero femperatures, which requires further complexity of the

- design. For instance, heat exchangers and thermal insulation are required, as are

additional control protocols for startup, shut-down, and reactant humidificrs,

Where a solid polymer proton exchange membrane (PEM) is employed,
this is generally disposed between iwo electrodes formed of porous, electrically
conductive material. The electrodes are generally impregnated or coated with a
hydrophobic polymer such as polyteirafluoroethylene. A catalyst is provided at each
membrane/electrode interface, to catalyze the desired electrochernical reaction, with
a finely divided catalyst typically being employed. The membrane electrode
assembly is mounied between two electrically conductive plates, each which has at
least one {low passage formed thercin, The fluid flow conductive fuel plates are
typically formed of praphite. The flow passages dircet the fael and oxidant to the
respective ¢lectrodes, namely the anode on the fuet side and the cathede on the
oxident side. The elecirodes are electrically compled in an electric circuit, to provide
a path for conducting electrons between the elecirodes. In a manner that is
conventional, elcctrical switching equipment and the like can be pravided in the
electric circuit, The fuel commenly used for such fuel cells is hydrogen, or
Eydrogen tich reformate from other fiiels (“reformate™ refers to a fuel derived by
reforming & hydrocarbon fize] info a gaseous fuel comprising hydrogen and other
pases). The axidant on the cathode side can be provided from a varjety of sources.
For some applications, it is desirble to provide pute cxygen, in order tn maks a
more compact fuel cell, reduce the size of flow passages, efe. However, it is
common to provide air as the oxidant, as this is readily available and does not
requi.re].;cmy separaie or bonled gas supply. Moreover, where space limitations are
not an issue, e.g. stationary applications and the like, it is convenient 1o provide air
at atmospheric pressure. In such cases, it is common to simply provide channels
through the stack of fuel cell for flow of air as ihe oxidant, thereby greatly
siraplifying the overall structure of the fuel cell assembly, Rather than baving 0

JP 2004-503073 A 2004.1.29
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provide a separatc circuit for oxidant, the fuel cell stack can be aranged simply to
provide a vent, and possibly, some fan or the like to enhance air flow.

There are various applications for which bumidification of fue] cells
poses pariicular problems and challenges. ¥or example, operation of fuel cells in
mobile vehicles usially means that there is no readily available supply of water for
humidifying incoming oxidant and fuel streams, It is usually undesirable to have to
provide water to a vehicle for this purpose aud alse {o have to carry the excess
weight of the water atound in the vebjele. In contrasi, for stationary applications,
providing a supply of water for humidification is usually quite possible.

However, there also somé stationary applications for which
bummidification is not straightforward. For example, fuel cells are often used to
provide power supplies 1o remote sevsing equipment, in locations whese water may
not be readily available. Additionaliy, such remote use of fuel cells ofien occurs at
locations with extreme climatic conditions. Thus, it has been known to use fuel cell
stacks in the Antarchie regiops and the like, for providing supply to scientific
jistrornents. Tt is simply not realistic fo provide a separate supply of water for
hunidifieation, beoause of the problems of preveniing freezing of the water supply.
Additionally, ambient air used as an oxidant is excessively dry, so that
humidification is more critical than when using relatively moist air at more
fooderate temperatures, It will be appreciated that similar extreme conditions can be

found in desert locations and the like.

SUMMARY OF THE INVENTION

Accordingly, the present invention is based on the realization that, as a
fuel cell inkerently produces excess moisture or water as a wasie product, this water
is available for recycling to humidify in coming flows to the fuel ceil.

More particularly, ibe present inventors have realized that it is
advaniageous to recover water from the waste or cutlet flows from a fuel cell or
fizel cefl stack, so as to avoid having to provide a separate water source to humidify
the oxidant andfor fuel streams,

Tt has also becn recognized that, in extreme climatic conditions, it is
desirable, and even in some situations essential, that the humidity of discharged fuel

JP 2004-503073 A 2004.1.29
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andfor oxidant streams be below certain levels. For examapls, in extremcly cold
conditions, if the discharge streams contain significant moisture levels, ihen this
molsmure can immediately freeze. In practice, this will form a mist o1 fog or fine
droplets or ice pellets, which would tend te build up on the outside of the uppasatus.
1t will be appreciated that, for a siationary mstallation intended to pravide power
supplies to scientific instuments over & fong period of time, such & possibility is
highly undesirable, and could lead to blockage of vents, undesirable Joading dne to
build-up of ice and ether problems. For these reasons, it is desirable that discharged
stteams contain reduced Jevels of moisture.

In accordance with one aspect of the present invention, there is provided
2 fuel cell comprising: an ;mode with a respective anode inlet and an anade outlet
for a fuel gas; a cathode with a respeetive cathode inlot and 2 cathode outlet for an
oxidant gas; an elecirolyte between the anode and the cathode, first and second
dryers; and valve means conngeting the first and seeond dryers 1o the cathode nlet
and the cathade outlet, wherchy, in use, the fust dryer can be connected 1o one of
the cathode inlet and the cathode cutlet and the secand dryer can be connected to
the other of the cathode inlet and the cathode outiet, wherein the coonections of the
dryers can. be periodically switched between the cathode inlet and the cathode
outlet, whereby one dryer recovers moisture from an outgoing oxidant strearm and
the ofher dryer to bumidify an incoming oxidant stroany

in accordance with another aspect of the present invention, therc is
provided a methad of Tecovering meisture from 2 fuel stream for a Toel cell
comprising an enode, as anode inlet for a fuel and an anode ouilet; a cathode, a
cathode inlet for an oxidant and a cathode outlet; and an electrolyts between the
anode and the cathode; and a fivst hydrogen infet, for supply of hydrogen, the
method comprising:

(i) providing 4 Tecizculation conduit between the anode inlet and
the anode ouflet, to farm a recirculation eizcuit, and providing the first hydrogen.
inlet conpected to the recireulation cirenit;

{6 circulating fue) through the recirculation cirenit and frrough
the anode;

JP 2004-503073 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(18)

WO 0147311 PUTIC AV AOBSS

20

30

-6-

(iid) continuously supplying feel fo the recireulation, to make up
for fuel consumed in the fuel cef); and
(iv) passing the finw in the recirculation conduit through a water

separator, to sepatats out water geperated in the fuel cell

BRIEF DESE ON OF THE I URES

For a better understanding of the present invention and to show mare
cleazly how it may be carried into effect, xeference will now be made, by way of
example, to the accompanying drawings which show preferred embodiments of the
present invention and i which:

Figure 1 is a schematic view of a first embodiment of an apparatus for
recavering and recycling water on the cathode side of a fue) cell stck;

Figure 2 is a second embodiment of an apparatos for recovering and
recycling water on the cathode side of a fuel cell stack;

Figure 3 is a first embodiment of an apparatus for recovering and
recycling water on the anode side of a fuel cell stack;

Figure 4 is & second emhodiment of an apparatus for recovering and
recyching water on the anede side of a fuel cell stack; and

Figure 5 is a third embodiment of an apparatos for recovering and
recycling water on the anode side of a fuel cell stack,

DETAILED I 1(yx OF THE PREFERRED EMEQD

Figures 1 and 2 show embodiments of an apparatug for recovering
muisture from the cathode side of a fuel cell or fuel cell stack. This invention. is
claimed in our co-pending application filed simultanecusly herewith under the title,
“Water Recovery, prisnarily in the Cathode Side, of 2 Proton Exehange Membrane
Fue] Cell™.

Referring first to Figure 1, a first embodiment of the apparatus as
indicated generally by the reference 1¢. The apparatus 10 includes a fuel cell stack
12, although it will be appreciated that the fuel cell stack 12 could comprise just a
single fuel cell. To known manner, the fuel celi stuck has inlets and outleis for boih
facl and an oxidant. In Figure 1, jusi ar iolet 14 and an outlet 16 are showm for the

JP 2004-503073 A 2004.1.29
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oxidant. Commonly, the oxidant is air, although for certain applications it can be
plire oxygen.

A first or inlet 3-way valve 18 has a comunon port, connected by a pump
20 1o the inlet 14, Correspondingly, the outlet 16 is connected (o the comumon port
of a second or outlet three-way valve 22. The pump 20 and the outlet 16 are
connected 1o respeciive comman ports of the first and secord thres-way valves 18,
22,

First and second dryers 24 and 26 are provided, each including a
respeciive external port 25, 27,

The dryers 24, 26 are also connected by first and secend inlet ducts 28,
29 to first and second branch ports of the firzt three-way valve 18. First and second
outlei duets 36, 31 conneet first and second branch ports of the second three-way
valve 22 to each of the dryers 24, 26 in the same manner.

Three-way valves 18, 22 are ganged iogether, so as to operate together
in a manner detailed below. Generally, this ensures that whilc indet flow tbrongh the
pump 20 passes through one of the dryers 24, 26, cutlet flow fom the outlet 16
flows through the ather of the dryers 24, 26.

In more detuil, in a first mode of operation, the first thrce-way valve 13
is switched to connect its first branch port to the first dryer 24. Consequently, the
pumyp draws ambient air through the external port 25 into the dryer 24. The dryer 24
will previcusly have been, in effect, charged with maisture from the previous cyclels,
50 that incoming air picks up moisture and is bumidified during passage through the
dryer 24. The humidified air then passcs through the first branch port of the valve
1% and through the pump 20 to the stack oxidant inlet 14, Simultaneously, the
second three-way valve 22 is switched to copnect its common port to the second
branch port thereof, and hence threugh to the second dryer 26. Consequently, warm
and humidified aix discharged from the oxidant cutlet 16 passes through the second
dzyer 26. This drics and dehumidifics the air, and simultapcously charges the
second dryer 26 with moisiuze.

Adter a predetermined tiroe peried, determined by the capacities of the
dryers 24, 26, the threg-way valves 18, 22 are swilched, Thus, in the next cycle or
second made, incoming air passes through the seoond diyer 26 to pick up moistare.

JP 2004-503073 A 2004.1.29
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Simultaneously, the first dryer 24, which will bave given up retzined moisture
during the previous eycle, then has moist cutgeing air from the outlet 16 passed
through it, to recharge the first dryer 24 with moisture.

These cycles are alternated, in accordunce with the capacities of ibe
dryers 24, 26, to cause two main effects. Firstly, thiz ensures that the incoming air
streqm is bumidified at a reasonably copstant level. Correspondingly, the exbausted
ait streain js dehumiditied. This has particular advantage in cold climates, Tt ensures
ibat moisture in air discharged from the external poris 25, 27 of the dryers will not
tend to immediatcly form frost or jce, which, over & period of {ime, can tend o
build up and possibly block the ports in the apparatos.

Referring to Figure 2, this shows a second embodiment of the apparatus.
In this second embodiment, rmany somponents are similar to the first embodiment,
and for simplicily and brevity, a description of these components is not repeated,
Rather, these components are piven the same reference numerals, and it will be
pndersiood that they function in the same mammer as for the first ebodiment.

The sole additional clement in this second embodiment is the provisien
of a water separator 32, This is provided In the outlet flow between the oxidant
outlet 16 and the second three-way valve 22. The effect of this is to prolong the
drying time for each of the drycrs 24, 26. The separaior 32 separates out water
dropleis and the like, using any kmown technigue. This recovered water can,
separately, be used for humidification of the incoming oxidant and/or fuel streams
for. the fvel ceil stack.

As menticzed, ancther advantage is that the meoisture load on the dryers
is reduced, thereby enabling longer cycles to be used.

Reforence will now be made to Figures 3, 4 and 5. which show threc
seperate embediments of an apparatus for effecting drying of the fuel stream in 2
fuel cell stack. In particular, this technique s particularly intended for a foel sream
comprising hydrogen, although it will be recognizsd by those skilled in the art that
this echnique has applicability 1o a wids tange of other fuels. An example of
another fiel is a hydrogen rich reformate fuel, i.e. a fuel produced by reforming a
bydrocarbon fuel, to produce a gas mixture rich in hydrogen.

JP 2004-503073 A 2004.1.29
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Referring to Figure 3, a first embodiment of the appurates for drying the
anode flow is indicaied peneraily by the reference 40. 3t again includes a fuel cell
stack indicated generally at 42, and corresponding o the cathode of the stack, a fue)
inlet 44 and a fuel outlet 46 are provided, A main hydregen or fuel inlet 43 is
provided immediately upstream from the stack fue) let 44.

‘The outlei 46 i3 connected 1o a water separator 50 and then to a T-
connector 32. Ome branch of the T-connector 52 is connected through a pump 54
back to the fuel inlct 44.

The other branch of the T-connector 52 is connected through a shut-ofl
valve 56 snd then through a dryer 58 10 a vent port 60,

In a normal mode of operation, the shut-off valve 56 is closed, and the
pump 54 actuated 1o cycle hydrogen through the stack 42.

As is fmown, a common problem with fuel cells is that pitrogen tends to
diffuse across the membranc from the cathode side to the anode side and
consequently, after a period of time, nitrogen tends to build up on the anede or
hydrogen side of the stack, Additionally, there can be a probles, with build-up and
moisture on the membrane.

For these two reasons, periodically, for example every § minutes, the
apode side eam be purged, For this purpose, a shut-off valve 56 is opened for a short
period, for example 5 scconds, fo vent gas through the dryer 58 to the vemt port 60.
Typically, the anode side is operated at a slight positive pressure. Opening the valve
56 czuses the pressure pulse to pass through the stack, wihich can have the effect of
causing the water to "juap out of* pores of the electrodes and ges diffusion media,
In any effect, whatever the exact mechardsn, it has been found that an abrupt and
sharp purge cycle tends o promois venting of excess moisture, in addition to built
up and unwanted pases.

At the end of the 5 sccond purpe cycle, the valve 56 is closed again.

The dryer 58 serves fo ensure that gas vented through the vent port 60
has o low level af humidity. This can be desirable in certain circumstances. In
particular, in cold climates, this ensures that there is no problem with moisture and
the vented pas tending to form frost and ice partisles and build up on ar arourd the
apparatas,

JP 2004-503073 A 2004.1.29
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The dryer 58 can be replaced at suitable intervals, ¢.g. when replacing
the fuel thai supplies the hydrogen, where hydrogen is supplied from a cylinder.
Alternatively, it may be possible to provide some variam configuration in which
incoming fuel is passed through the dryer 58 to pick up moisture accumulated
therein.

In Figures 4 and 5, components commoen o Figure 3 arc given the same
reference numerals. For the reasons given above, a description of these components
is not repeated, for simplicity and brevity.

Thus, in Figure 4, a dryer 62 is provided between the separator 50 and
the T-commector 32. The shut-off valve 56 is then provided immediately above the
T-connector 52 as before, but here is connecied directly to a vent port 60.

Figure 4 fupctions, in uss, in effest, to maintain a desired humidity level
within the anode side of the fuel cell stzck 42. Thus, excess wmoistore can be
separated in the separator 50, but it is anticipated that the diyer 62 will yun in ap
essentially saiurated condition, so as to maintain humidity al a desired level.

Again, as for Figure 4, the shut-off valve 56 can be opened periodically,
e.g. every 5 minvtes for purge eyele of, for exampls, 5 seconds. This again prevents
budld up of nitrogen in the anode side of the stack. To the extent that water is
removed from the fuel cell from the purge cycle, this water would be either
separated by the separator 50, in the case of water draplets, or otherwise absorbed
by tbe dryer 62.

To the exeent that dryer 62 is used to maintain a constant humidity level,
it should net be necessary to exchange the dryer at =ay time. However, it may be
desirable to replace the dryer from tine to time, as confaminants roay tend to build
up in the dryer 62.

Finaily, with reference to Figure 5, the third embodiment of the anode
aspeci of the invention includes all the eleroents of Figure 3, It additionally includes
a second fydrogen inlet 72, a hydrogen control valve 74 and a sccond shut-off
valve 76,

In normal use, this third embodiment functions in much the same

manner as the first embodiment of Figure 4. Thus, hydrogen is usually supplied

JP 2004-503073 A 2004.1.29
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through the main foel inlet 45. The pup 34 is um, 10 eycle hydrogen continuowsly
ithrough the scparator 50.

Theoretically, again for example every 5 minutes, a shost purge cycle
(again, for crample 5 stconds) can be efteeted by opening the shut-off valve 56,
Simultaneously, the second shut-off valve 76 is opened. This again permits gas to
vent from the ancde side of the stack through the dryer 58 to the vent port 60.

New, when moisture builds up in the dryer 58, periodically the supplied
hydrogen is switched from the main [uel inlet 48 to the second hydrogen inlet 72.
For this purpose, 2 valve (not shown) will be closed to close off the main fuel inlet
438. Simultaneously, the hydrogen contrel valve 74 would be opened. The second
shut-off valve 76 would remain clesed and the first shut-off valve 56 opened, This
permits supply of hydmpgen from the second hydroger inlet 72 through the dryer 5§
towards the anode side of the stack 42.

The pump 54 would be run as before, Consequently, hydrogen will be
cycled through the stack and the water separtor 50. As hydrogen is congumed,
fresh hydregen will be supplied from the inlet 72, and this hydrogen would be
humidified in the dryer 58 thereby serving to remove moisture from the dryer 58
and recharge the dryer.

After a suitable period of time, ihe bydrogen control valve 74 will be
closed and hydrogen supply would be recopamenced through the main hydrogen or
fue) inlet 48. The dryer 38 would then be in a dried or recharge condition, ready to
recover moisture from gas during the purge cycle.

The advantage of this cmbodiment, 25 compared to that of Figure 4, is
that if recovers moisture and uses it to add hummidity to incoming hydrogen, At the
same tirne, it does vot require replacensent of the dryer, to effect recharging of the
dryer.

While the invention has been described im relation to both
humidification on: the ¢athode side and the anode side, this iovention is primarily
concerned with humidification on the anode side.

Where humidificution is provided just on the anode side, it is recognized
ihat, in use, water is generated primarily on the cathode side, due fe proton

mipration through the membrane, For this reason, waler recovery fiom the cathode

JP 2004-503073 A 2004.1.29
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side can be optimal. Nouetheless, depending on the operating conditions,
significant moisture can be generated or ocour on the anods side. For example, if
the oxidant side is maintained at a sipgnificantly higher pressure than the anede or
fuel side, then water gencrated during reactzon can be caused to flow back through
5 - the membrane, so that a significant guantity of water appears on the anode side and
50 that the exhansted anode fuel streem iz significantly humsdified. Tn snch cases,

recavering or controlling moisture in the exhausted fuel stream is desivable.
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outlet; a cathode, a cathode inlet for an oxidant and a cathode putlet; and an
electrolyie between the anode and the cathode: a recirculation conduit including &
pump connected between the anode inlet and the anade outlet; and a water separator
provided in the recizculation conduit, between the anode outlet and the purmp, for
sepaating water from fuel gus exiting the anode; and a first fuel inlet connected to
the recirculation conduit, for supply of a fuel.

2. A fuel cell as claimed in claim 1, which incdudes a branch conduit
connected to the yecircniption copduit and a dryer in the branch corduit, the branch

conduit including a vent cutlet.

3. A fuel cell as claitned m clakin 2, which includes a shui-off valve in the
branch conduit, upstream of the dryer for controlling flow of foel gas to the dryer,
and the shut-off valve being operable to effect purze cycles, in use, to purge

accumulated and unwanted gases from the anode,

4. A fuel cell as claimed in claim 1, which includes a dryer in the

recizculation conduit, dewnstream from the water separator.

5. A fuel cell as claimed in clzim 4, which includes a branch conduit
conngeted to the recirculation conduit, downstream from the dryer and including a
shut-ofl valve, for effecting purge eveles,

8. A fuel call as claimed in ¢laim 2 or 5, wherein the branch conduit is

comnecied fo the recirculation conduit vpstream from the pump.

7. A fuel e2ll as claitaed in claitn 1, which inctudes a second fuel inlet
counected to the branch conduit hetween the dryer and the ver? outet, and a second

shut-off valve in the branch conduit between the second fuel inlet and the vent

JP 2004-503073 A 2004.1.29
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outlet, for effecting reverse flow of fuel through the dryer to re-activale the dryer

and to recover moisture therefrom.

§. A fuel cell as claimed in ¢laim 7, which includes a fuel contral valve in

the second fusl nlet, fer control thereof,

9. A mothod of recovering moistore from a fuel stream for 2 fuel cell
comprising an anode, an anode inlet for 2 fue] and an anode outlet; a cathode, a
cathode inlet for an oxidant and a cathode outlet; and an elecirolyie between the
anode and the cathode; and a first foel inlet, for supply of a fuel, the method
comprising:

[41] providing a recirculation conduit between the anode inlef and
the anode outlet, to form a recirculation civeuit, and providing the first fuel inlec

connected ta the recireulation circuit;

()  circulating fuel through the recirculation circuit and through
the aneds;

(iii) confinuously supplying fuel to the recirculation, to make up
for fuel consumed in the fuel cell; and

{iv) passing the flow in the recircalation condult through a water

separator, To separate oul water generated in tie fuel cell.
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