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A digester Is a huge container where chemical reactions produce
methane gas from waste materials.

I digester ‘

| aerobic ‘ lanaerobki

Aerobic digester works in the presence of oxygen (fast but expensive)

Anaerobic digester works in the absence of oxygen (slow but cheap)
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Types of anaerobic digesters:

anaerobic

|Thermophyli%

Psychrophilio| |Mesophi|ic

Psychrophilic (4-15 degree) => not efficient enough
Mesophilic (20-40) => the most used type
Thermophylic(45-70) => expensive

/ /A @enefgglab e

FORTISSIMO norvento




Scheme of a digester:

Methane
y |

(Gas holden)™

outlet- waste

Inlet - waste
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ADM1 (Anaerobic Digester Model No. 1) by D.J. Batstone (2002)

ADML1 is quite a complex model: There are 109 coefficient and 36
variables

ADM1
mplementatio

Implementations of ADM1.

DE approach DAE aSEroach

dSaa qin
- Saa in Saa -
dea qin
— S a.in — S a a.li -
i Vziq(f’ fa) + frapipa — p7
dSya

DAE approach
pH and h2

— qz—n (Sva,in - Sva) + (1 _ Yaa) fva,aapﬁ o PB

dt Viig
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A The idea of multidimensional ADM1 mm) Gaden [2013]
A Biggest limitation of Gaden implementation ss Not parallelized

A ADML1 considers only one single cell, a black box.
A m-ADM1 is applying ADM1 for each cell, and all the cells have
Interactions.

ADM1 M-ADM1
= <h<p >
nl <f
Black Box V> ﬁ ¥
<p <h do [<F

Gaden, D. (2013) Modelling Anaerobic Digesters in Three Dimensions: Integration of Biochemistry with
Computational Fluid Dynamics. PhD Thesis, University of Manitoba,Canada
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‘ m-ADM1 ‘

‘ Chemical
part

‘ |Fluid partl

A Chemical part mmp solving 36 Differential equations

A Fluid part ss solving fluid flow (the impact of advection and
diffusion)

A ADMOneFoam = It is based on pisoFoam (a transient
turbulent solver).
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Update variables
Next time step

YES NO

Finish =
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A Sample dictionary,
Stoichiometric coefficients

location "constant;';
object stoichiometricCoefficients;

Initial condition +
reading data from
dictionaries

)}:)f*************************************
J* i=0 */f_sI_xc f_sI_xc [oe®0 00 0] 0.1; /L]
J* i=1 */f _xI_xc f xI_xc [eeaee060a8] 8.2; 1111
/* i=2 */f_ch_xc f_ch_xc [o@o0000 0] 0.2; /7111
J* 1=3 */f_pr_xc f_pr_xc [o@e®0 00 0] 0.2; f/L]
[* 1=4 *[f_li_xc f_1i_xc [pOoB@0O0O®O0 O] 0.3; 1111
J* 1=5 *[N_xc N_xc [-1®@© 0 10 0] 2.6857; [[/[r
J* 1=6 */N_I N_I [-te®e106 0] 4.2857; [/[m
I% i-7 */N aa N aa r-1amnmnt1nanl 7 1iTm 0
QL o
O 9
S »n
—
c O
Initial conditi .=
Nitial conaiuons, Qs
. . +—
reading variables S5
T O
class dictionary; Q Z
location "constant"; D
object solutionProperties;
}I*************************************lj
/¥ 1=0 */S_su { diffusionModel constant; DD [0 2 -1 68 0 0@ 8] 6.60e-09;
J* i=1 */5_aa { diffusionModel constant; DD [0 2 -1 6 0 0 8] B8.00e-10;
J* i=2 */s_fa { diffusionModel constant; DD [0 2 -1 8 6 ® 8] B.00e-10;
J* i=3 */s_va { diffusionModel constant; DD [0 2 -1 8 8 ®@ 8] B.00e-10;
J* 1=4 */S bu { diffusionModel constant; DD [0 2 -1 0@ 0@ 0@ 8] 1.06e-09;
Finish <
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A Sample Code, - :
ADML1 algebraic

routines

a

h:;as = i:F;chECnelfF['lai*(p_;;;;—pﬁyche;:néff[16])*Ep_éa‘as/phychecaéff[16].); //Ga:
if (g_gas.value()<0) q_gas.value()=0;

S_nh4pluse = soluteList[10]-soluteList[31]; //S_nH4+ = S_IN-S_nh3
S_co2 = soluteList[2]-soluteList[308]; //S_co2 = S_IC-S_hco3_1ion
theta = soluteList[24]+5_nh4pluse-soluteList[30]-(soluteList[29]/1
soluteList[25]; //theta = S_cat+S_nh4pluse-S_hco3_ion-(S_ac_ion/0.064)-(S_pro_1ion,
S_Hpluse = -theta/2+0.5*Foam: :sqrt(pow(theta,2)+4*phycheCoeff[3]); /.

forAll(S_Hpluse.internalField(),i)
£ if (S _Hpluse[i]<=0)// "if condition" to avoid negative values of S H+
S_Hpluse[i]=1le-12;
gH[i] = -Foam::1log10(S_Hpluse[i]); //pH calculation pH = - logl® |

if (pH[i]<bioCoeff[7].value())
{

Update variables
Next time step

I _pH_aa[i] = Foam: :exp(-3*pow( ((pH[1]-bloCoeff[7].valu:
}

else I_pH_aa[i] =
if (pH[i]<bioCoeff[23].value())
{

I_pH_ac[i] = Foam::exp(-3*pow(((pH[1]-bioCoeff[23].vali

YES NO

Finish =
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A Sample Code,
Using a switch function

case 5 : sTerm = (1-stoiCoeff[27])*stoiCoeff[20]*ro5+(1-stoiCoeff[34])*stoiCoeff[
case 6 : sTerm = (1-stoiCoeff[27])*stoiCoeff[21]*ro5+(1-stoiCoeff[34])*stoiCoeff[

[37])*0.57*ro10-roll; break;
case 7 : sTerm = (1-stoiCoeff[27])*stoiCoeff[18]*ro5+(1-stoiCoeff[34])*stoiCoeff[

[37])%0.43%ro16-rol12-roT_8; break; Cons|der| ng reactions

case & : sTerm = (1-stoiCoeff[39])*ro11+(1-stoiCoeff[40])*rol12-roT_9; break;

9 :
s gTerm.dimensinns().reset(sTermMnl.di.mensi.uns()); // to change the dimens Source terms

sTerm = -(S1*rol1+s2*ro2+s3*ro3+s54*ro4+s5*ro5+s6*ro6+s7*ro7+s8*ro8+s9*rog
break; /funit is [mol m-3 s-1]

case 10: {
sTerm.dimensions().reset(sTermMol.dimensions());: // to change the dimens
sTerm = -stoiCoeff[27]*stoiCoeff[22]*ro5+(stoiCoeff[7]-stolCoeff[34]*sta
[22]*ro9-stoiCoeff[37]*stolCoeff[22]*rol0-stoiCoeff[39]*stoiCoeff[22]*roll-stoiCoeff[40]*
stoilCoeff[1]*stoiCoeff[6]-stoiCoeff[0]*stoiCoeff[6]-stoiCoeff[3]*stoiCoeff[7])*rol;
break;//unit is [mol m-3 s-1]

Update variables
Next time step

case 11: sTerm = stoiCoeff[0]*rol; break;

YES NO

Finish =
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A Sample Code,

fvscalarMatrix MassTransport

fym::ddt(soluteList[1])
+ fuvm::div(phi, soluteList[i], "div(phi,C_solutes)")
- fvm::laplacian(solutelist[1].D(), solutelist[i], "laplacian(D,C solutes)")
== sTerm
)s
MassTransport.solve(soluteSolveDict);
sTerm.dimensions().reset(sTermKg.dimensions()); [/ to reset the dimension of sTerm to [k

YES

Momentum and
transport equations

Finish =
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S_gas_h2.value()
S_gas_ch4.value()
S_gas_co2.value()

FORTISSIMO

A Sample Code,

Using FDM

runTime.deltaTvalue()*(-outputH2+inputH2)+S_gas_h2.value
runTime.deltaT().value()*(-outputCh4+inputCh4)+5_gas_ch4
runTime.deltaT().value()*(-outputCo2+inputCo2)+5_gas_co2

Update variables
Next time step

Gases concentrations
in headspace

YES NO

Finish =
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To verify the solver, the averaged concentration of each species is
considered. A simple geometry with the following conditions is used

A No of cells: 16
A Considering 2D solution
A No flow (to replicate ADM1 bulk model)
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The evolution of two species with different delta t and comparison
with Oskar [2014]
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Digester geometry with a baffle inside
Intermittent velocity

Side view
=
A No of cells: 5504
A Zero velocity at the walls
A Using a velocity table for baffle
Top view
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Conclusion

e MADML1 first implementation is done

e Ongoing Verification and Validation

A

/ ) CEstn @energglab ~

FORTISSIMO norvento

19



B B
This work is funded by FORTISSIMOE2Iropean Project. The FORTISSIMOgioject has
received funding from the European Union's Horizon 2020 research and innovation
programme under grant agreement No 680481

The University of Minho authors acknowledge the funding by FEDERInds through the

COMPETE 20Zvogramme and National Funds through FCT- Portuguese Foundation
for Science and Technologmder the project UID/CTM/50025/2013

———— - i —

FORTISSIMO



