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Fuel Cells

Running on hydrogen aralr =>emitting just water!
Theultimate solution???
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Fuel CellgQuestions

Basic questions:
AWhat can we expect from fuel cells (FCs)?
AWhat are fuel cells?

AWhat is the driver for fuel cells and what can fuel cells do better than
batteries?

AAre they in competition with batteries?
AWhat are the draw backs and shortcomings?
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FuelCell- Basics

Basic principle:

AFuel cell (FC) is an electthemical energy converter with continuous
supply of fuel and oxidant (air, similar ICE)

AC/ A& | aRANBOU SYSNHé& O2yOSNUS
Athe cell has a very high efficiency up to 7096%
AaYl tf KSIFIG f2aa I' aO2fR O2Yodzal.
Ano moving parts, except auxiliaries (compressor and pumps)

Ano (low) noise
Ano CQ, no pollutants, only water or steam
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FuelCell- Basics

Basic principle:

ABasic overall reaction (hydrogen gas reaction, cold)
AH, + 1% Q=>H0

AElectrolyte
Abase NaOH KOH)
Aacid (HSQ, H;PQ)

Asolid polymere ceramics)
AElectrodes need precious metals for the activation (expensive!)
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Fuel Cell Principle

1 , 2
At the anode, hydrogen At the cathode, O, molecules

molecules are splited in absorb electrons and getting

H*-ions, electrons are O--ions; the cathode is
getting free, the anode is

negatively loaded

The positive H+ ions are Is the anode connected with the
attracted by the negatively

S ¢ cathode by an external circuit, the
loaded O--ions >> water is Wa?}.ﬁer electrons move from the anode to the
built cathode 1 currentis flowing
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Fuel Cel Principle Il

AThe theoretical voltage of an hydrogen/oxygen fuel cell is V, 23
25°C

AThe voltage depends on the fuel, the quality of the cell and on the
temperature.

ATo get higher voltages a lot of cells are connected in series
ABuild so called fuel cell stacks

AUnder load the chemical and electrical processes result in lowering of
the voltage

Aln real fuel cells voltages between @.% V can be achieved
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Fuel Celt Principle lil

AA fuel cell delivers approximately the same amount of electric energy
and heat

Athe temperature level of the dissipated heat is relatively low
Athat means the temperature difference to ambient temperature is low
Atherefore cooling of a fuel cell is more difficult than cooling of an ICE

Elektrolytmembran ~ Kathode




Typesof Fuel Cells
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Fuel Cell Operating lonic CQ Electric

Type Temperatull Electrolyte Conductior]Fuel gas Oxydant| Tolerance|Efficiency Application Remarks

AFC Cell: 60- 709 needs pure Kland Q

Alkaline Fuel Cell 60 - 80 °C|KOH(OH OH H, o, < 1 ppm|Syst.: 60% Space, Military, Vehicl¢gorrosion!

DMFC Proton condut.

Direct Methanol FC ~80°C_IMembran H CHOH Q. (AN Cell: 20 -30 vl Small devices, Campindow efficiency

PEMFCLowTemp Proton condut. Cell: 50 - 75 AYVehicles, Space,

Polymer Membran F{ 60 - 120 °dMembran H H, O, (Air) | <100 ppnpSyst.: 45 - 609 Stationary devices high power density

PEMFCHighTemp Proton condut. Cell: 50 - 75 YVehicles, Space,

Polymer Membran F{ 120 - 200 °@Membran H E QSAirZ <500 EEﬂSySt': 45 - 609 Stationary devices high power densitx

PAFC Concentrated Cell: 55 % smaller power stations

Phosphoric Acid FC | 160 - 200 °@Phosphoric Acid H H, O, (Air) <1% |[Syst.: 40% big vehicles corrosion problems

MCFC CH; Coal & Cell: 55% |power stations Complex operating,

Molten Carbonate Fq ~ 650 °C |Alkali carbonate CQ -~ |biogas, H |O,(Air) ok Syst.: 50% big vehicles corrosion problems
1 “[sorc | doped | H,CoO | | [cell:60-65%powerstations, | 1)
1 Solid Oxide FC ~ 1000 °C|Zirconium oxide o Hydrocarbon o, (Air) ok Syst.: 55 - 60 §Auxilliary power units |
' ]
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Temperaturaangesof fuel celltypes

b i Unused Fuel Gas b-. _____ Unused Oxidant
Product gas S \“ Product gas
SOFC CO, | H,0 § - %
1000 SOLID OXIDE FUEL CELL \ . ~ 0,
(Festelektrolyt-B7) co| H, \\\ - \\
NN
600 MOLTEN”CCAPI?BONATE 260 \\§ CO,* \\\ 0,
bSO RE Hy &\\ \ s
200 PHOSPHORIC ACID FUEL H \\\ N \ =
CELL * N \
(Phosphorsaure-BZ) §\\ _ 7 \ 0:
100 ALKALINE FUEL CELL el § . \\ 0,
(Alkalische-BZ) H, \\\ 77777777 %
g \ 0
(Polymerelektrolyt-82) | i\\ - § 2|
Fuel Anode Electrolyte Oxidant
Gas Cathode 0,

H,, CO




Stack Design

\ Electrolyte
Hydrogen (H,) Air (O,) & Water (H,0)
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LA O\ H, Tank

Fuel cellSystent, H,/ Air- components

Air-filter
Compressor
Water -
Exhaust
/= Cooling pump
Exhaust (Steam) il
= Condensator | _ t Coole
Cooling Cooling
v Air-Out

Air-In

Auxiliaries:air filter, compressor, cooling pump, condensator, cooler,
humidifier
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FuelCellPowertrain

Principal Layout / Components:

~Tank system

Reduction-
Gear

FC

Final Drive
<= Differential
Wheel
/| Battery

AHybr i
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High Pressure Storage for Hydrogen

Storagesystemspecifications

AFullywrappedcompositecylinder
with plasticliner (TypelV)

AStoragepressureup to 70 MPa

APlastidiner ashydrogen
permeationbarrier




OverviewFuelCellVehicles —~y

ATypicalspecsof todaysFuelCellVehicles
APEM Fuetell
AAppr 5 kg H2 in gasnks@700 resp. @350bar
ASUVmid & compactclass=>BatteryHybrid,no transmission
ARange >500km, typ. power 100K transportcapability

A Almostall OEMsare developingFCVs!

A Comittmentfor developmentand marketintroduction of FCVs in 201&2017from:

A Daimler AG, Ford Motor Company, General Motors Corporation/Opel, Honda Motor Co., Ltd., Hyundai
Motor Company, Kia Motors Corporation, die Allianz Renault SA und Nissan Motor Co.. [ td. und Tovota
Motor Corporation -
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