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WHAT ARE FUEL CELLS

AFueI cells are electro - chemical devices, constituting a
breakthroughin the field of energysourcesthat can produce
electricity and heat directly from a proceeding chemical
reaction

Aln 1839 British physicistWilliam R. Grove demonstratedhat
during the electrochemicalreaction involving hydrogenand
oxygenelectricityis produced Sucha cell hasno moving parts,
operateswithout noise,and its only wastesubstances water
However, basing on this phenomenonfuel cells for over a
centurywerejust alaboratorycuriosity.
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https://www.youtube.com/watch?v=R15R54oZAdA

Table 2 Summary of future R&D requirements for fuel-cell materials

Application Size (kW) Fuelcell  Fuel
Power systems 0.001-0.05 PEMFC H,
for portable DMFC CH,OH
electronic devices
SOFC CH,OH
Micro-CHP 1-10 PEMFC CH,
LPG
SOFC CH,
LPG
APU, UPS, 1-10 SOFC LPG
remote locations, Petrol
scooters
Distributed CHP 50-250 PEMFC CH,
MCFC CH,
SOFC CH,
C|tybusesEDD .................... e s

------------------------------------------------------------------------------------------------------

Large power units SOFC/GT CH,

Critical materials issues

Membranes exhibiting less
permeability to CH,0H, H,O

Novel PEN structures

CO-tolerant anodes, novel
membranes, bipolar plates

Maore robust thick-film PENs
operating at 500-700 °C

More robust thick-film PENs
operating at 500-700 °C; rapid
start-up

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e

CO-tolerant anodes, novel
membranes, bipolar plates

Better thermal cycling
characteristics

Cheaper fabrication processes;
redox-resistant anodes

--------------------------------------------------------------

Cheaper fabrication processes
for tubular SOFC system

Abbreviations: UPS, uninterruptible power systems; LPG, liquid petroleumn gas; GT. gas turbine.

Other abbreviations defined in the text.


https://www.youtube.com/watch?v=R15R54oZAdA

FUEL CELLS

AFueI cells only In the sixties of this century lightweight and
compact(thoughexpensive NASA beganinstalling a spacecrafto
supplythemwith electricity.

AToday, this technology is promising environmentally clean,
efficient and quiet, trying to take advantageof the manynew land
uses, including to power mobile phones, portable computers,
housesandflats, andelectricengines

AExperts estimatethat replacingtraditional methodsof generating
electricity from coal by fuel cells should reducecarbondioxide
emissionsby 40% - 60%, while emissionsof nitrogen oxides by
50% -90%. Principle of working fuel cell is base on the
electrochemicaleaction

A Fuelcellsproduceelectricityby Electrochemicateactions



AThe rapid development of fuel cells resulted in the demand for
highly efficient and clean energy sources in the era of rapidly
depleting fossil fuel sources.

AHydrogen and other fuels that are high hydrocarbon fuel for fue
cells can be obtained by using alternative energy sources such
solar, wind, and from biological sourcegjbacteria of the genus
clostridium obtaining hydrogen from biological waste. Researct
on obtaining hydrogen aim to become independent of the
population partly or entirely from fossil fuels



AFueI cells are electrochemica
devicesthat produceuseful energy
(electricity, heat) in a chemical
reactionof hydrogenwith oxygen

Water is a byproduct of this
reaction
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Hydrogen <= Oxygen or air

Heat (85 Celsius degree
Air or water cooling

H 0~ Air and water vapour

Flow field plates
Anode
Catalyst

Flow field plates
Cathode

Catalyst

Polimer membrane



Fuel cellsoperating principle and
construction (9hr 5/03/13)

AA fuel cell is composedf two electrodesthe anodeand cathode
The electrodesare separatedby an electrolyte presentin liquid
form or asa solid. The electrolyteallows the flow of cations,but
preventgheflow of electrons

AThe chemical reactionoccurring in the cell is broken hydrogen
protonandelectronat the anode thenthe combinationof reactants
at the cathode Electrochemicaprocesseaccompaniedby electron
flow from the anodeto the cathode without an impermeable
membraneAs aresultof electrochemicateactionof hydrogenand
oxygenproducecelectricity,waterandheat
Fuel - Hydrogenin pure or mixed with other gases- Is fed
continuouslyto the anodeand the oxidizer - oxygenin pure or
mixture (air) - is fed continuouslyto the cathode



n Hydrogen is fed to the anode
Oxygen is fed to the cathode

Separating

layers Air
(oxygen)
".‘ ¥ 2

/

B Electrolyte allowes only protons
(+) to pass to the cathode.

he catalyst at the
anode causes the

separation of \
hydrogen into protons \
and electrons N

/

Electrons travel to the cathode

by external circuit, producing
electric current. ’

/ water

Anode Cathode
Electrolyte

‘ ._/ n At the cathode, the electrons and

protons combine with oxygen
producing water that comes out of

the cell. 10



Chemical reactions in a fuel cell

Chemicalreactiongakingplacein a fuel cell

Onanod 2H2 =4H +4e

Oncathode O2+4e= 2
202 + 4H+ =2H,0



PEM fuel cell stack hardware.

Flow field plate

Seal
Membrane Electrode Assembly

Cooling Plate

Single cell /

Stack of Cells
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MembraneElectrodeAssembly

|

Membrane

I
CatalystLayer

Gas DiffusionLayer

Material of 3rd Generation Membrane)

* Crosslinkedor noncrosslinked

Sulf onatedpoly etheretherketone

* Sulf onated poly (4-phenoxy benzoy -1,
4-pheny lene)[S-PPBP]

*Methy Ibenzensulf onated

Poly benzimidazoles[MBS-PBI]

*Methy Ibenzensulf onated-Poly (p-
pheny leneterephthalamide)[MBS-PPTA]
* Imidazole doped Sulf onated

poly etherketone[S-PEK]

* Acid-doped Poly benzimidazoles

* Base-doped S-Poly benzimidazoles
Others:

* Poly (2-acry lamido-2-

methy Ipropanesulf onic acid (Poly -AMPS)
* Supported composite membrane

| L, |
[Perfluorinated: ) *Graphite paper wet-
* Perf luros ulf onic acid Single Metal proofed with
* Perfluorocarboxy lic acid Catalysts poly tetraf luoroethy lene
*Bis(perf luoroalky Isulf ony l)imide * PVC * Graphite cloth wet-
* Gore-Select™ proofed with
PartiallyFluorinated: "Pt-Ru/C poly tetraf luoroethy lene
* a, B, B-trif luorosty rene grafted onto *Pt-Mo/C
poly (tetraf luoroethy lene-ethy lene) with "Au-Pd/C
postsulf onation Jertiary Catalysts:
* Sty renegrafted and sulf onated poly *Pt-Ru-Mo/C
(viny lidenef luoride)[PVDF-g-PSSA] *Pt-Ru-W
Non-Fluorinated: PERUAL
*Naphthalenicpoly imide * Pt-Re-(MgH ,)
* BAM3G membrane (Ballard Advance
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The principle of operationof the fuel cell is well known, significant
progresdhasbeenmadenowadaysn developingmaterialsfor the
constructionof electrodesmembranessealsand catalysts The
aim of researchs to extendthe life and efficiency of the cells,
while reducing its cost of production In addition, new
technologiesare developedabricationof cells, by replacingthe
mechanicaprocessingprecisionspraytechnology The effectsof
researchare alreadyvisible to final consumersthe life cycleis
lengtheningandfuel cell producecklectricity pricesfall.
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The division is based on fuel cells used in the cell electrolyte.
Electrolyte used determines the temperature of the reaction
occurring in the cell and fuel cell power. Each cell has
advantages and disadvantages, which determine the field of

applications for each type of cell.
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Fuel cells clasification

Electrolyte PEMmembrane | Phosphori@acid | Moltencarbonate Solid oxides
LRI 80PC Approx. 200C 650°C 800-1000C
temperature
Elecézfricer;arge Hydrogenions Hydrogenions Carbonateons Oxygenions
Reformer External External Internalor Internalor
External External
EEEIEEE] Basedoncarbon | Basedongraphite| Stainlessteel Ceramicanaterial
components
Perovskity
Catalyst Plainum Platinum Nickel (Calcium
metatyniai
Efficiency (%) 40-50 40-50 Above60 Above 60
SIELS 0 comercial Working Prototype Prototype

development
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Figure 1.2 Basic cathode—electrolyte—anode construction of a tuel cell.

Hydrogen fuel

L

_ Load
H* ions through electrolyte e.g. electric
motor
Cathode 0O, + 4e= + 4H*  —>  2H,0
A A
_ Electrons flow around
Oxygen, usually from the air the external circuit

Figure 1.3 Electrode reactions and charge flow for an acid electrolyte fuel cell. Note that although
the negative electrons flow from anode to cathode, the ‘conventional current” flows from cathode
to anode.



Fuel Cells and Energy Carriers

Fuel cell type and

operating temperature

750-
1000°C

"

650°C

i

: PAFC
160-220°C | o0 < 2

L_Zzation |

Reforming
toH, and CO

<

60-120)c = PEFC
CO<50ppm

AFC

60-120°C CO < 1ppn‘

—— Shiftreaction

B

| ;‘ cO?
[‘-‘ + CO fine-

I | cleaning
}‘- CO air-

60-120°C | DMFC

[MCFC Molten carbonate fuel cell; PAFC Phosphoric acid fuel cell; PEFC (PEM)
Photonic exchanae fuel cell: AFC Alkaline fuel cell; DMFC Direct methanol fuel celll

cleaning

Desulphuri- ‘Vaporlzaﬂon l

Hydrogen

Methanol

Natural gas

Liquid fuels

Afler: Slesle,
Nature 1989



APEM fuel cellsarepoweredoy purehydrogenor reformate PEM
cell membraneis a polymer material such as Nafion. A
characteristic feature of PEM cells is high efficiency In
electricity production - up to 65% and a small amount of
generatecheat An important advantageof PEM cells is their
good adaptationability in systemssubjectedto variable loads
and short commissioningtime. Thesefeaturesresult from the
low temperaturereactionsoccurring in the cell - 60 to 100
degree<elsius
PEM cells are primarily used to power vehicles and the
constructiorof stationaryandportablepowergenerators
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fuel cell systent,2 Elementf fuel system
AVAGEUE ) PEM




ADI\/IFC cells havea polymer membranesuchas PEM cells The
differencebetweencell DMFC and PEM cell is in the construction
of the anode,which in the DMFC cell allows for the internal
reformingof methanoko obtainhydrogento powerthecell. DMFC

cells eliminate the problem of fuel storage,are attractive for

portable applications becauseof the low temperaturereaction
occurs(about80 degree<Lelsius) DMFC cell is characterizedy

lower efficiency comparedto the PEM cells and is 40%. DMFC

cells are usedfor building batteriesfor portabledevices,and offer

performanceainattainablevith standardattery- notebookpowered
with 250 ml methanol tank, running for 12 hours which is

Inaccessibléo ordinarybatteriesf similarweight/ volume
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fuel cell system to 20 watts fal DMFC cell for mobile
portable computers phones




AAFC (Alkaline Fuel Cell). Thesearethefirst fuel cells, for the first
time usal in aeronautics KOH electrolyte solution The reaction
proceedsat temperaturesfrom 100 to 250 A C. The reaction
temperatureabuseof KOH solution concentrationhigher reaction
temperaturallow you to achievebetterefficiency of thesecells for
the generatiorof electricity andheat AFC cells havebeenusedon
the spaceshuttles were Apollo to the cogeneratiorof electricity and
heat AFC cells arefragile to any contaminatiorandthe fuel need
to beclean,whichis anobstacleo theircommercialization
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A PAFC cellsareusedfor constructionof cogeneratiorof electricity
and heat The efficiency of electricity generationis 40%,
additionalwatervaporproducedby the cell, canbe convertednto
heat Electrolyte in the cell is PAFC phosphoricacid (H3PO4).
Theadvantag®f cellsis high toleranceo carbonmonoxidewhich
allows for the useof multiple fuels (it is important,however,fuel
desulphurisation)
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Electricity cogeneration system with a capac
of 200kW, using PAFCell




AMCFC electrolyte in the cell is a molten carbonate Li / K. MCFC
cells operate at high temperatures and are used for the produc
of small and medium power capacity. High temperature reactio
occurring in the cell allows the use of a wide range of fuels

(natural gas, diesel, hydrogen, propg moLTen CARBONATE FUEL CELL
Electrical Current
Hydrogen In e o8 Oxygen In
Hy == 1 | <o,
g ‘
e- e
oon = cog’ <0y
4L
HoT *eo
Waterand | | & & 1 carbon
Heat Out @ . & Dioxide In
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MCFC fuel cell system with a
capacity of 280kW




ASOFCceIIs havea membranemadeof oxide ceramicsIt works in
high temperaturefrom 650to 1000degree<Celsius Theresultof
high temperatureeactionsn the SOFCcell is the high efficiency
cogeneratiorsystemgan the electricity andheat- up to 85%. This
characteristicalong with long time of reachingfull efficiency
caue thatSOFCcellsis usedin stationaryCHP (cogeneratiormeat
andpower) SOFCcellsis characterizedyy high toleranceto fuel
contaminantgcarbonoxidesandsulfur dioxide),which allowsthe
useof awide rangeof fuels
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AThe mostcommonlyusedin industrialfuel cellsis cell type PEM
/| DMFC and SOFC The popularity of thesecells is dueto their
high efficiency and a membranemade salid materials- no
moving parts in the cell iIs a big advantagein industrial
applications

ASOFC cell type is characterizedoy high temperatureand slow
responseto load changes Therefore, SOFC cells used in the
constructionof stationary electric power generatorsand heat,
working continuouslywith thesameoad

30



AThe PEM and DMFC cells are characterizedy low temperature
reactionand are usedto build both small and large sourcesof
energy ThedifferencebetweenPEM and DMFC cell is a type of
fuel used DMFC cell is poweredby methanal Methanolis the
fuel of easy storage,which, combined with a low reaction
temperaturemakesthe DMFC cell ideal for use as a low-power

battery
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APEM cell is characterizedty high efficiency (40% - DMFC, 65% -
PEM). PEM fuel cell is the hydrogenor reformate In the caseof
reformate, the system must be equipped with so-called fuel
processoithat produceshydrogenfrom the usedfuel. This raises
the costof the system but in manycasest is profitableunits such
as stationarypower generationwhereit is easyaccesdo natural
gas

ACeIIs PEM / DMFC and SOFC, are already presenton the
consumemarket, they can be purchasedas a standalonadevice
(fuel cell stack),aswell asfinisheddevices
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Reactions at the Cathode and Anode

Total reaction
20,+ CH,—#2H-0 + CO-

In a fuel cell powered by natural gas, the whole process begins with the separation of pure
in a device called a reformél).

Reforming reactions
CH4 + O; —9 2H,+ CO-

Arising from the carbon diox& (2) is disposed on the outside. The same applies to the
methanol. Then the hydrogen goes to the proper cell (3), causing further chemical rea
platinum catalyst at the anode "pulls" the electrons from the gas (4), and positively cha
(protons) "dissolve" in the electrolyte (5).

Reaction at the anode
2H,—» 4H" + e
Electrically inert oxygen fed to the cathode (6) captures the free electrons, causing a direc

(8). Negatively charged oxygeons react in the electrolyte with protonich arealso located in tt
electrolyte, producing water (7).

Reaction at the cathode
0,+ 4H+ 4 —»2H0 2



ENERGY STORAGE

ENERGY STORAGE

FUELL CELLS [Whikg] [WI]
Decaline 2400 2100
Liquid hydrogen 33000 2500
Lithium borohydride 2800 2500
Solid metal hydride 370 3300
Methanol 6200 4900
Hydrogen in graphite approx. 16000 approx. 32000
nanofibres
BATTERIES
Lead-acid 30 80
Nickel-cadmium 40 130
Nickel-hydride 60 120
Lithium-ion 130 300
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Figure 4: Schematic of the anaerobic hvdrogen production and fuel
cell svstem. Material flows are idealized to the predominant
components. The major reactions are as follows:

Crasificarion Vessel: O+ 2H: — CH F 0N g dd) — 0 e s)
Carfwmation Vessel: Uiy + 2000 — OO0+ 4., Call+ OO0 — Calll
Calcinarion Vessel: CaC Oy — Cald+ OO0

Fuel Cell: 2L+ (s — 2HLO
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A High quality of suppliedenergy The energysuppliedby fuel cells are
very resistantto interference Fuel cells are an ideal power sourcefor
medicaldevicesmeasuringnstrumentscomputersetc

AHigh efficiency. Fuel cells are characterizedy high energydensity A
fuel cell is alwayssmallerand lighter than other energysourceswith
comparablepower In addition, fuel cells generateelectricity directly
from a chemicalreaction,so thereis no fuel combustionprocess In
mobile applications,fuel cells produceelectricity directly serving to
drive, as opposedio internal combustionengineswhereit is produced
by the mechanicalenergy convertedinto mechanicalgearsto drive
energy The efficiency of fuel cellsto generateslectricity evenreaches
50%. In the processof cogeneratiorof electricity and heat, fuel cells
achieveefficiencyupto 85%
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A Possiblility of usingdifferenttypesof fuels Fuelcells canbe poweredby
any fuel rich in hydrogen Obtaining hydrogenfrom the fuel can be
carriedinside a fuel cell, the so-called internal reforming or outsidethe
cell in anexternaldevicecalled fuel reformer Thanksto the phenomenon
of electrolysis,hydrogenfor fuel cells canbe producedusing alternative
energysources

AEnvironmentalprotection Pollution resulting from energy production,
"conventional"methodsare the causeof environmentaldegradatiorand
the reasonfor the emergencef new disease®f civilization. A fuel cell
produces25 timeslesspollution than combustiongeneratorsin the case
of hydrogenfuel cell power, the amountof traceimpuritiesis produced
scalability Individual fuel cells can be combinedto achievethe desired
level of powergeneratedTeamsof fuel cellswith differentshapess used

bothto powerasinglelight bulb andto drive industrialmachinery
42



Mobile 50kW PEM fuel
cell system for use in
transport

Milli -Watt fuel system for
propelling miniature devices
developed at Pacific
Northwest National
Laboratory

PDA Hitachi Fuel Cell




A Impact on the environmentof fuel cells dependdargely on
the methodof obtainingthe fuel usedin them Hydrogencan
not be usedasa primary energysource butit is necessaryo
producethe hydrogenusedin them Althoughthe production
of hydrogen by electrolysisis fairly high efficiency, In
conjunctionwith the fact that whenusedin automotive,t is
necessaryto store hydrogenat high pressuress the total
efficiency of the cells may fall below the most efficient
Internalcombustiorengines
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A Portabledevices small powerbatteries Fuel cells areincreasinglyseenasa substitute
for conventionalbatteriesused in the small electronic devices (laptops, cameras,
mobile phonesMP3 playersetc)

A Thereis a hugemarketfor manufacturer®f fuel cells Virtually all major companies
producingmobiledevicesareinvolvedin researclon fuel cells

A The useof fuel cellsin portableelectronicdevicesallows for the separatiorof parser
energyfrom thefuel tank of afuel cell systemwhich providesgreateiflexibility in the
designphase Fuelcellsalsohavea highertheoreticalenergydensitythanconventional
batteriesandunlike a long time chargingthe battery,justfill thefuel cell to run, which
requiresonly a minimal outlay of time.

A CellsPEMFCandDMFC dueto its propertiedor low temperatur@reusedto this type
of solutions

A A segmenbf mobile devicesthroughits dynamicgrowthforcesusto seeknewsources
of energyneededo powerthe deviceshavingevergreaterenergyrequirementglarger
screenpewfeaturesetc).

A However, thereis still a lot of problems,mostly technicalin nature, hindering the
globalcommercializatiorof fuel cellsin portabledeviceselectronicssector
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Fuel cells tor portable devices
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Stationarysystemsare both small householdunits producingelectricity and heat(CHP systems)or
the auxiliary power sourcewith capacityof kilowatts, and large power plants with a capacity of
severalmegawatts

Such devicesare usedin areaswhere availability of electricity is essential,and so in hospitals,
military bases,office buildings and industry Stationaryfuel cell systemsare used as additional
facilities that generateelectricity, which is the energyput into the networkasemergencysystemsn
hospitalsandotherbuildings,or for applicationgrequiringhigh reliability.

Fuel cells are perfectly scalableand allow for the constructionof small power plants,the order of
severalMW. The first power plantsproduceelectricity for the police stationin New York, Central
Parkandmanyotherplaces

Advancedwork continueson the implementationof CHP electricity generatorqcalled Combined
HeatandPower),usingthefuel cell stackto generateslectricity andheat

Generatorsvith a capacityof 1-10 kW areableto supplyelectricity andheathousespffices, public
buildings Generatordasedon fuel cell technologyto supplyelectricity preciseparametershaveno
moving partsandareableto provideaccesdo energyfor longerthanthe currentgenerators
Generatorswith the fuel cells systemare poweredby hydrogenor hydrocarboncompounds This
technologyis very quiet, efficient, andproducesminimal amountsof impurities

At presentthis technologyrequiresfurtherdevelopmenandresearclonit, dueto insufficientpower
valueachieved
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Combined Heat & Power
{micro-CHP) domestic
demonstration unit

i\

1 = Fuel cell ganerator stack
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3 - Heat exchanger & burner
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5 = Waste heat recoverny
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C F COHP generator wit
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Nuvera's energy generator with fuel

reformer and an example of its application
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A Currently, almost every prominent automotive company in the market is In
advancedestingfuel cell vehicle Currently,the profitability of the vehicle FCV
(FuelCell Vehicle),matchedhe modernhybrids With thewidespreadiseof fuel
cell technologiesyehicleFCV certainlybecomevery popular

A Advantagesof fuel cells as propulsionmeansof transportare high efficiency
(65% for the fuel cell comparedwith 35% for the internal combustionengine),
the lack of vibration and noiseassociateagnergyproduction,energyproduction
electricmotorsdirectly driving, lack of fuel during the stop, stability torqueand
manyothers

A Accordingto the announcemertf the producersthefirst FCV will gointo series
productionbefore2015 Currently,the main problemin the commercializatiorof
FCV carsis their high price

A Fuel Cell Technologyalsoincludedothersegment®f transportbutthisis notas
noticeableasin the caseof cars Therearealreadyunmannedircraftpoweredoy

fuel cell engines,and even wheelchairsdrawing energyfrom the use of this
technology
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ARoboticsis a field in which the efficient sourceof energyis an
Importantissue,especiallyfor mobile robots,powerindependent
energysource Parametersuchas weight/ volume, efficiency,
qguality of energysuppliedto have a significant impact on the
design of robots and robot parameters Fuel cells provide a
securesourceof energy,ableto powertheelectricalsystemsised
In robotics At the sametime powersystemweight, basedon fuel
cell technologyis relatively small comparedto the amountof
energy produced Due to these advantagesfuel cells quickly
founduseasa sourceof powerin robotics
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The concept of a system of energy production from fossil f
with zero CO2 emissions
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Hybrid system with a steam turbine and gas from
the absorption of CO2 and H2 production




OLID OXIDE FUEL

Contemporary materials
engineering in the design of
functional materials for fuel cells
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carbon dioxide, nitrous oxide and methane let
short-wave radiation (light). But the light is
absorbed at Earth's surface and thus converted
into long-term radiation. These molecules are
three-atomic impenetrable to infrared thus
preventing its evaporation

This causes the scalled.
greenhouse effect and may
cause global climate change




Violent weather
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efficiency: 35%

Heat engine

efficiency: 65%
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Applications and the main advantages of

different uses of various types of fuel cells

Applications and the main advantages of different
uses of various types of fuel cells

. Portable Cars
+ Typical usage electronic
equipment Boats

. . 1 10 100 1k 10k 100k ™ 10M
Power in Watts | | | | | | | |
| | 1 1 | | | |
’ Larger energy Zero emission
Main density than in possibility

batteries
advantages

. Higher efficiency
Faster charging

The range of DMFC

applications of that type
of fuel cell <
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PEM FUEL CELLS WORKING

PRINCIPLE

PEN FUEL CELLS WORKING

oxigen

— 12 ¢ — (air)
2e- | Membrane| 2e-

+ | electrolyte| +
IH+ —> 2H + —> 2H +

Hydrogen

— =" "heat
4_, L.r 20 water

Anode Catode
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Solid Oxide Fuel Cell

High Temperature Oxide Fuel Cells
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Solid Oxide Fuel Cell

Hz + CB Fuel H:0 + CO; ™.

A CO+H0 —~ Hz+CO; Heat ~
— e
| Hy 2H2+ 20 —» de" + 2H;0 | Hi0 |~
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A Proton Exchange Membrane (PEM)

A Polymer Electrolyte

A Proton conductivity of the
electrolyte

A low temperatures (~ 108€)

A fuel-H2

A CO- poisons the electrode
electrolyte

A requires precise reforming /
separation

A a specific catalystmetal

A small thermal inertia

A refined technology
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Solid Oxide Fuel Cell (SOFC)
ceramic electrolyte
Conductivity, oxygen ions

high temperature (~ 708&)
hydrocarbon fuel
CO poisoning is not

Custom CPOX reforming or partial
oxidation

cheap catalyst

High thermal inertia

development- Technology

- ICH _» H,0, COp—»
— Air  —02 —-
SOFC
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Flow channel K+ %Oz (g) +2€ + Vgﬂ - Oé

Current transformer colector

Current transformer colector

Flow channel

A- H,(@)+O5- H,0+VI+2e
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Planar fuel cell architecture Porous cermet electrode structure

Electrolyte

Cathode
Alr channel
Interconnect

Ceramic
Metal

Fuel gas 4
Three-phase boundary
Electrolyte



£ Whatis the role of the anode structure

in promoting reforming, shifting, and
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