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A thermo chemical model of a reforming process using
hydrocarbon fuels which is included in a fuel cell system
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Application Area of the CPO-SOFC-System

stationary fuelcell
block heat and power plant

* In areas with poor
Infrastructure

 supply of electrical power
and heat

auxiliary power unit (APU)

» generates power independent from the engine
(no idle-mode)

« air conditioning while the trucks are standing
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Diagram of Process
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Excel Sheet

reformat

ProzeBbild CPO - SOFC - Anodengasbrenner m Calenlats (F11) I Caleulate Mwixl Ausgabe
LS ARFELTT T AT e, i e Eingabe badingt [iber Drop-Diown Meni)
AT BT T £ LA S deiadt ind s Sl Sien AEFLITHG i denti Eingabe
f u el Temperatur Druck Mischtemperatur  [(-CPD 04 Konuelgenzgenauigkeilj Produkte Stoffmenge  Bedingu HZ Umsatz 0g0 Kathodenabluft
['T] [bar] Eingangsstrome | Startwert 0,38 MORMAL (0.1 CFO [moli=] CO Umsatz 0,60 Rez. anteil
=l 25 1 26105 C £ atwfinteryal’ (i Hz TEOE-03 Y entered| ™ 0..08) Kathode 1
Leistung [kW] ] . Anzahl Lambdazchritie 2 HzO 2828E-02 Y entered| Tad['C] 91261 Temperatur
Edukte Stoffmenge Endwert Lambda: 0,39 co 2632E-03 Y entered| ™ Icl &00
c 12,95 [molis] coz 2386E-03 Y enteredl™ SOFC Katoden- Stoffmenge
H 2438 0,000642 —r—— CRPO CH4 2943E-07 Y entered © G394E-08 Abluft [mialf=]
Enthalpiestrom [Jis 220,30 c2H2 1535E-13 Y entered oz 0,015
. Step ¥ [ 0000E-00 ¥ abgelagert 00140957 Mz 0074
al r Temperatur Druck Frepaumber 5 M2 2452E-02 Y entered Summe 0,0332
[c] [bar] Conditions oz 2102E-18 Y entered ™
—Q 20 1 w Armestrom [Jis] 0,00 [i[u} E4306E-14 ¥ entered Anoden- Stoffmengs
Luft Stoffmenge i Srmestrom [KW] 1] CuHy 00000E+00 Y entered ™ Abgas [molts]
[malt=] i Srmestrom [*] 0,00 Summe 10,0460 Hz 0,0020
oz 0,00429 Drruck [bar] 1 Hz0 0,0074 .
Mz 00184 Rez. anteil Anode fi-Kathode co 0,0035 al r
Summe 002328 Results 0,333 Fiez!AGEL_in bagl. Reformat 2399 coz2 00078
Enthalpiestram [Jis] XTI EnthalpieDiff [Jis] 0,00 b 0,250 [0..0,5) bzgl. BS @ =g n
Feuchtigkeit Temperatur [T] 921,29 b Temperatur [Druck) Stoffmengs C2H2 0,0000
Temperatur ['C] 20 Enthalpie [J{=] -27120,27 N Enthalpie manuell [Jiz]: [l [bar] [malt=] M2 2452E-02
Fielative Feuchte [*] o Enthalpiestrom [Ms] 24343 -1248.44 Ton 1 oz 0,01966 [\3[u] 0,0000
[asze Dampf [kg] 1} Wirkungsgrad [] 85,43 Anod_-Rez Stoffmeng N2 007356 CxHy 00000
' azser [mall=] 1) Ubertragungsuerluste £ 0,00 [moli=] Summe 0,093 Summe 0,0460
0, Bed. Stéich Rez 0,013 Hz 7EO3E-04
Rez_ anteil Abgas AGBr i aus FezEinfluss 0,375 HzO 1.847E-03 O
0,00 (0..03) co #E93E-04
Temperatur [Druck]) Stoffverhaltnisse bez. Auf Cges. coz 1901E-0%
[c] [bar] SiC 022z 0E7 CH4 7362E-02 Luft Stoffmenge
400,00 1 — ofc 1471 C2HZ 3,836E-14 [molfs]
Abgas Stoffmengs [CeH)C 3,353 M2 B,130E-03 Temperatur
[milt=] ilu] 1B23E-14 Mz 0,000 ['C] 500
coz 0,000 Targets Temperatur ['C] CuHy 0,000E 00| AGBr Stoffmenge
HzO 0,000 initial walue o0 Summe 0018 [malts]
M2 0,000 lower limit 233,15 Enthalpiestrom [ =] 1024, 74126 h Temperatur Hz 0,0023
oz 0,0000 upper limit L] [c] 28 Hzo 0,0055
MO 0,000 Yerhiltnis i ca 00026
Summe 0,000 Storgroben zur Luft der [0..] coz 0,0057
Enthalpieztrom 1) Temperatur ['C] Kathode Stoffmenge CH4 0,0000
921,39 [malts] CaHz 0,0000
i-bzgl. C Stoffmenge oz 0,000 [k 00154
— 1] [milts] Mz 0,000 ilu] 0,0000
oz 0,000 Summe 00000 CaHy 0,0000
Mz 0,000 1-AGBr E.00 Summe 00345
C 0,000 T Umg. ['C] 25
CH4 0,000 Tad ['C] TE3.64
Stoffmenge Abgas Stoffmenge
AGBr [molt=] AGEr [malis] "
i e s T nadengas-Brenner
Hzo 0,003 Hzo 0,003
Mz 0,092 Mz 0,092
oz 001z oz 0mz
rO 0,000 rO 0,0000
Summe 0120 Summe 0,120
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Excel Sheet — Input Stream Fuel and Air

air ratio
initial value

pressure fuel

__________________________________________________________________________________________________

i FProzegbild CPO - S0FC - Anodengasbrenner | R - ;I I:alcul:-t-:i
! Sy Aoy o Srenmsioeits mred diessr oot mraaved sy Cemrides :
| et werden Dias L iitenh s denieht Sk suf Cuty SRensiaieinting wid SUTIetnck beSTHT Cair ratio
v | Temperatur Druck| Mischtemperatur |i-CPO 0.4 K ;
tem p eratu re | [Z] [bar] Eingangsstrome Startwert n3ge _E Step Slze
i * 25 1 o 261,05 C £ seimbarisd il e :
! Leistung [k'w] =5 I o Anzahl Lambdaschritte 2 ® = i
| Edukte Stoffmengs Endwert Lambda: 023 !
power lC 12,95 [malts] : number
o fH 2438 0000642 CPO . of steps
i Enthalpiestram [Jf=] -2znan Y |
! Ffep ! E
i | Temperatur Druck Flepnnmdier & !
i [1C] [bar] Conditions !
: 20 1 W irmestrom [Js] 0,00 ' heat flow
i Luft Stoffmengs WaArmestrom [Kw] ne I
! [malis] W Ermestrom [3] 0,00 5
i oz 0004849 Drruck. [bar] 1 ! .
| hiz 00184 . reaction
| Summe 002328 Results !
|| Enthalpiestrom [Jis] 340 Y EnthalpieDiff [Js] 0,00 v1: temperature
i | Feuchrigkeit Temperatur [1C] 521,39 ¢ _:
i | Temperatur ['Z] 20 Enthalpie [Ms] 2712027 b
E Felative Feuchte [*] 1] Enthalpiestrom [Jis] -1243 .43 |
i |Mas=ze Dampf [ka] 0 Wirkung=grad [*] 85,43 !
i wasser [malls] 1] Ubertragungsverluste [4] 0,00 |
. MPed_Sthek Bex _____________ - B
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Excel Sheet — Products Reformat
Auzgabe !
Eingabe bedingt [iber Orop- E
Eingabe :
: Produkte Stoffmenge  BEedingung !
quantity of CPO [malis] §
materials 5 Hz CTEOIE-DZ Y entered =
| Hz20 2828E-03 Y enterad ™ i
cO ZEIRE-0Z " entered g
coz 2386E-02 Y entered T Aktivitat |
CH4 2943E-07 V entered T B34E-0F | activity
CoHz2 1628E-12 Y entered T ‘ 5
C 0,000E+00 ¥ abgelagert 00140357 |
M2 2AGZE-02 Y entered T |
0z 21021E-19 Y entered T
MO E4906E-14 Y entered T
CxHy 00000E«00 Y enterad

SUMmMme 10,0450

____________________________________________________________________________________
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Model Fuel (according to Amphlett) for Material Data Bank
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Operation Area of CPO-Process
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Operation Area of CPO-Process with Anode-Offgas Recirculation
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Operation Area Depending on Recirculation Ratio and SOFC-Utilisation
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|- 7 7 WM SOFC utilisation 80 %
| ~ fj‘?
_f' , J e wm SOFC utilisation 50 %
lower boundary 7.7 I o
ai . temperature 700 °C - '1[ ;{ff B SOFC utilisation 0 %
E et operation fff
© . area 7 }f
c - /
o . 7
& Ty
E 1y
10 A
o . # upper bounda
: soot formation \"'\ % tfr?iperature Qrg{l °C
boundarv o Toury, Anodeoffgas = 200 °C
\ f Tontrys Air = 200°C
O I 1 ﬂ | 1
0,25 0,3 0,35 0,4 0,45

air ratio



‘."’Ioa-v\/aerme-msmut 10th Annual GTT-Workshop, June 4 - 6, 2008, Herzogenrath

an der IRNNITH

Conclusion

o catalytic partial oxidation is possible for stationary an mobile applications

* restricted operation area of CPO-process between soot-formation and
boundary temperature of catalyst

* the equillibrium calculation based on ChemSheet showes the potential of
recirculation of anode-offgas

* increase in the part of recirculated anode-offgas enlarges the operation
area of CPO-process



