AZEP oxyfuel cycle for CO, capture

Description of the cycle

A MIEC (Mixed ionic-electronic conducting) membrane is a ceramic membrane permeable to oxygen.

At high temperatures (above 700 °C), the ceramic
membrane (Figure 1) is a mixed ionic and electronic
conductor, which passes simultaneously O,-ions and
electrons, oxygen being adsorbed on the surface.

Model of the membrane component

The membrane involves two separate streams which
exchange matter through an interface: the oxygen
depleted air and fumes out of the combustion chamber
that are enriched in oxygen. It behaves like a quadrupole
receiving two fluids in input, out of which come the

other two.
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Figure 1 : Sketch of the membrane

To represent it in Thermoptim, the quadrupole is formed by combining the inlet Mixer (class MIEC_Inlet) and
an outlet divider (class MIEC), the two being connected by a process-point playing a passive role. The classes
references are "MIEC Inlet" and "MIEC".

For the model to be consistent, it synchronizes the calculations made by the two nodes. More specifically, the
outlet divider takes control of the mixer, whose role is to perform an update of the coupling variables associated

with the input stream.

The model structure is given in Figure 2. The membrane is represented by the three components "MIEC Inlet”,
"MIEC" and "MIEC outlet." The inlet mixer MIEC Inlet receives the compressed air heated by the combustion
before entering the combustion chamber, and a fraction of the recirculated and cooled flue gas. At the output of
the external divider, there is firstly the oxygen-depleted air, which is heated by the flue gases leaving the
combustion chamber prior to expansion in the HTT turbine, and secondly the oxidizer formed by oxygen
enriched fumes, which are cooled before entering the combustion chamber.
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Figure 2: Diagram of the membrane component coupled to the combustion chamber

The membrane model we develop here is that used by the EPFL LENI. The surface molar flow of oxygen
through the membrane is given by:
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It is proportional to a reference flow, to exp(-Ea/RT), Ea being the activation energy and T the temperature of the
membrane, and the difference in oxygen partial pressure between the two sides of the membrane. Since we can
consider that the partial pressure of oxygen is zero combustion chamber side, this equation can be simplified
further.

The model that can be retained is the following:

membrane
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membrane, which provides the enthalpy of combustion and that of the depleted air;

In this model, available we do not know the pressure in the combustion chamber, a chamber separate from the
air. To prevent damage to the membrane, the pressure difference between both sides must remain low.

Technologically, the fuel, here assumed to be natural gas at 70 bar, pressurizes the circuit, for example through
an ejector. In our model, we do not represent this device, we simply set a slightly higher pressure than the air
circuit.

In the combustion chamber, we assume that the reaction is stoichiometric and complete.

Study of the external class MIEC

To ensure consistency of the model (to avoid that the inlet mixer be connected to an inadequate outlet divider),
each of the two nodes tries to instantiate the other seeking its class from among the external components of the
project, and checks that both are well connected to the same connection process. If the operation fails, a message
warns the user that the construction is incorrect. This check is performed by the methods setupOutlet() and
setuplinlet().

In addition, consistency tests are carried out for each node by the method checkConsistency() to check that the
connected fluids are the right ones: in this case, a moist gas and water in and out. Please refer to VVolume 3 of the
reference manual for explanations on this point, valid for all external nodes.

The study of the external class MIEC shows how the model has been implemented. Five steps are used for this:
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1) we begin by calculating the molar flow of oxygen through the membrane:

déCaloul des pressions partielles de chague codte de la membrane

J/on considére que le transfert d'oxygéne se fait & contre-courant, de telle sorte que le
ddgradient de pression partielle d'oxygéne est & peu prés constant

Jfealoulation of partial pressures of oxygen on both sides of the memwbrane

Sfwe assuwe the 02 transfer is counterflow, =o that the 02 partial pressure gradient

J/iz almost constant

ddanalyse de la comwposition de l'air / air composition analysis
Vector airComp=moiei.airSubstance.getGasCowpositcion() ;
double fractOZ=Util.molarComp(airComp,"02");//fraction wolaire de 02 / 02 molar fraction
double airMolFlow=mciei.airFlow/meiei.airM;//débic molaire d'air / air molar flow rate
double POZ=mciei.Pair*fractOZ;//pression partielle d'oxygene dans 1'air entrant

f402 partisl pressure in the incoming air

fdanalyse de la comwposition du comburant / oxidizer composition analysis
Vector coxburComp=corburGasiubstance . getGasCompositioni) ;
double fractOZCombur=Util.moel 2rComp (comburComp, TOZ™) ;
double PZ=Prombur*fract0iCombur;//pression partielle d'oxygéne dans le comburant sSortant
ff02 partial pressure in the exiting oxidizer
double Tmemb=Util.lit o(Twerb value.getText () )+273.15;//temperature de menbrane lue & 1l'ecran
J/menbrane temperature read on the screen

Jidébit d'oxygéne dans le comburant / 02 flow rate in the oxidizer
double CZDepletediirMolFlow=airMolFlowtfractOZ—-getO2TransferredMolF low | Tmendb, POZ, P2) ;2

double getlZTransferredMolFlow(double T, double P, double P2){//retourns des kmol/s
double area=Util.lit_d{Area value.getText()]:;
return area¥*z.2Ze-3*Math.exp(73.2/8.314/T) * (Math.pow(P, 0.25)-Math.pow{(P2, 0.25])):

2) we then calculate the composition and the flow of air depleted

double fractWzZ=Util.molarComp(airComp,"N2™);/ /fraction molaire de N2 / N2 molar fraction
double fractir=Util.molarComp(airComp, "Ar™);//fraction molaire de Ar / Ar molar fraction
double totallepletedliirMolFlow=02D0epleteddirMolFlowt (fractN2+fractir) *fairMolFlow;
fractNZ=(fractNZ*airMolFlow) /totallepletediirMolF low;
fractir=fractir*airMolFlow/totalbepletedhirMolF low;
fracroZ=_C2DbepletediirMolF low/ totalDepletediirMolF low;

fidétermination de la cowmposition de 1'air appauvri Jdepleted air cowmposition
Vector wComp=new Vector|(]:

Double[] fracMol= new Double[3] ,molarMass= new Double[3]:
String[] nowm dgaz_comp = new String[3]:

vCowp . addE lement (new Integer (31)

nom_gaz_comp[0]="Hz":

nowm gaz_comp[l]="02";

now_gaz comp[Z]="ArT

fracMol[0] =new Double (fractlz):

fracMol[1] =new Double (fracto):

fracMol[Z] =new Double (fractlr);

mwolarMass[0] =new Doubhle (25.02):

molarMass[ 1] =new Double (32):

wolarMass[2] =new Double (32.95);

vComp . addE lement (nom gaz comp)

wCowp .. addE lement (fracMol) ;

vComp . addE lement (fracMol) ;

wCowp . addE lement (o larMass)
OzZoutFract_wvalue.setText (Ucil. aff difraccOZ, 4)]);

depletediir3ubstance. updatetasComposition (vComp) ;//composition de l'air / =ir composition

Vector wSubst=depletediir3ubstance.get3ubstPropertiesi) ;

Double z=(Double)viubst.elementldt (7]

double sirM=z.doubleValue|();//masse wolaire de l'air / air wmolar mass

double depletediirFlow=totallepletediirMolFlowrairM; //débit wassigque d'air / air flow rate

02F low_walue.gsetText (Toil. aff dimciei.sirFlow-depleteddirFlow, 4))://debit massique d'oxygene transfére
J/02 mass flow rate transferred

3) we then calculate the composition and flow of the oxidizer:
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fidétermination de la compozition du cowburant enrichi en oxygéne
Jfoomposition of the 02 enriched oxidizer
if (fractoz==0) {
double coxburMolFlowv=mciei.comburFlow/meiel. comburd;
Integer i={Integer)comburComp.elementit (0] ;
int nComp=i.intValue():
if (nComp>=0) {
double CZMolFlow=airMolFlow-totallepletediirMolFlow://debit d'02 dans le comburant / 02 flow in oxidizer
totalCorbMolF low=02Mo lF lov+oombur Mo lF low;
String[] newComp= new 3String[nComp+1]:
Double[]newFractmol= new Double[nComp+1] ;2
Doubhle[] nevMolarMas=s= new Double[nComp+1]
String[] Comp= new String[nComp]:
double[] fractmol= new double[nComp] ,fractmass= new double[nComp]
fracMol= new Double[nComp] ;
Comp=(3tring[])comburComp.elementdt (1) ;
fracMol=(Double[] ] comburComp.elementic (2] ;
molarMass= (Double[] ) corburComp.element it (4) ;
for (int j=0;j<nComp:j++){
newComp [J]=Comp[3] 2
Doukhle f=(Double)fracMol[j]:
fractmol[j]=£f.doukbleValus (] ;
double fract=fractmol[j] *comburMolFlow/totalCombMolF low:
newFractmol[j] =new Double (fract);
newMolarMass[j] =molarMass[]] :
i
newComp [nComp] ="02";
newFractmol [nComp] =new Double (OZMolF low/totalCombMolF low) ;
newlolarMass[nComp] =new Double(3Z.);
vComwp . addE lement (new Integer (nComp+1))
viomp . addE lerment (newComp) ;
wComp . addE lement (newFractmol) 2
VviComp . AdE lement (newFractmol) 7
vionp . addE lemment (newMo larMass) ;

corburGasSubstance . updateGasComposition (vwComp) ;//modification de la composition du comburant
viubst=combur GasSubstance.getSubstProperties () //change of the oxidizer composition
z=(Double)vSubst.element it (7] ;2

double comburM=z.doubleValue()://wasse molaire du corbustible huwide / moist fuel wolar mwass

conburZasF lov=totalCorbMolF low*corburM;

4) we determine the temperature of the gases leaving the component

/{charge thermigque de la menbrane / membrane thermal load

double Q=Util.li§_d(Area_value.getText(J]*Util.liq_d(lamhda_value.getText(J]*(mciei.Tcombur—mciei.Tair]:
Q2 value.setText (Ucil.aff d{Q,2));

double HoutCoOZ= (moiei.Heowbur*meiei. cowburFlow—0Q) fconburGasF low:
TeomburGas=conbursasiubstance..getT _from hP (HoutCoz,1.);

double Houtlet=Hzubst:

double HairPauvre=(mciei.Hair*mciei.airFlow+Q)/depletediirFlow;
double TairPauvre=depletediiriubstance.getT_from hP (HairPauvre,1.):
Twenk_value.setText (Teil. aff df (TairPauvre+twoiei.Tair)/2.-273.15,3)) -

5) the node is updated using the generic methods described in the reference manual
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ffmise & jour du noeud aval en utilisant les méthodes générigques

ffupdate of the downstream node by the generic methods

vTransfo= new Vector[nBranches+1]:

vPoints= new Vector[nBranches+1]:

setupWector (depletcedlirProcess, depletediirFoint, 0, depletediirFlow, TairPauvre, mciei.Pair, 1):
setupVector (comburProcess, comburPoint, 1, comburGasFlow, ToomburGas, Poombur, 1))

getupWVector (mainProcess, linkFoint, 2, cowburzasFlow, TeowburGas, Poombur, 1):

updatelivider (vTransfo,vFPoints, TcomburGas, Houtlet) ;

ffmize & jour du noeud amont en utilisant les méthodes générigues

ffupdate of the upstresm node by the generic methods

vTransfo= new Vector[mciei.nBranches+1];

vPoints= new Vector[mciei.nBranches+1]:

setupVector (moiei.recycleProcess, moiei.recyolePoint, 0, moiei.comburFlow, moiei.Tocombur, moiei.Poombur,
getupWVector (moiei.airProcess, meiei.airProcess, 1, mweiei.airFlow, mciei.Tair, woiei.Pair, 1):
setupVector (mainProcess, linkPoint, 2, cowburGasFlow, ToomburGas, Pocombur, 1)

meiel.updateMixer (wTransfo,vPoints, TeomburGas, Houtlet) !
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