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Abstract

Microbial fuel cell are modeled using various mathematical and
computational methods in order to better understand the complex
behavior of these cells and optimize their performance. In the modeling
process, various effects including biological effects, mass transfer, energy
and charge in anode and cathode are considered. These models cover
a wide range of processes by considering different material phases,
boundary conditions, microbial growth, reaction kinetics at anode and
cathode and electrochemical behavior of the system. The power of
a model lies in the ability to predict and the balance between computing
time and the accuracy of its results. The aim of these models is to provide
a comprehensive understanding of the phenomena occurring in
the microbial fuel cell, which includes a wide range of processes. In
addition, the models consider the effects of environmental changes on
microbial growth, flow hydrodynamics, and electron transfer from
the microbial surface to the anode. These models are essential to identify
the key factors that affect the overall system and improve the power
output of microbial fuel cells.
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Figure 1. Schematic of the structure and function of the microbial fuel cell.
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Figure 2. Relationship between different processes in microbial fuel cell modeling.
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Figure 3. Interaction effects of different parameters in microbial fuel cell.
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Table 1. Important equations in MFC models.

Equations Type of Equation Reference
I =0V0 Current density equation
i=VI current equation
. - [30,33]
is = VIg = V(05,0 V0s) Electrode current equation
i =Vl = V(al,effV(Z),) Electrolyte current equation
. 2.303 2.303 . [19]
[ = lgref [exp (T Ilact) —exp <T qact>] current equation
I = (J igdx + f ib,-odx) Sarea Current density equation [25]
=
Eoutput = Ethermo — Mohm — MNcon — MNact 8
Or §
Vcell = (EL(-) - |77c,act| - |776,con|) - (EX = |77A,act| = |77A,con|) Output voltage equation [12,13’25] g
- | nohml D
Or
Ucell = Ecell - celchell ~ Necon — Nact
b I d d
E —E Y h_1 _[&m + cell
output thermo — 53173 sin [ZIO,ref] <km kaq
. % Output voltage equation [31]
— |
oF ™\ WD, Dprs
— ks
L
1 .
"= — 0, Substtr_ate c;nsunt]pl\t/llon rzte [12,13.31]
1+exp (eract) equation (Nernst-Monod)
7y
C (4
dm = 9Qmaxm —5 Monod kinetic equation [30,33] a
Cs + Ksm <.
_Gs 3
U= Mmax (1 —e KS) Tessier model [13] =
= L Monod model [12,13,31,34] g
H = Wmax K + C, Lt
u= .umaxi Blackman model (13]
2K,
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Equations Type of Equation Reference
aCs —ag4i,
everf 5p + V(=Depra¥Cs) = — 5= = dm¥m
dxa _y, dale aaza K, Mass b_alanc_e for subst_rate 131]
dr nF ¥ and microbial population
dx,
7 = YnldmXm — KamXm
vM i [31]
Epcop (pw ) = ( D["Vw; + pw; D" 7) + R; Mass balance for air cathode
D, (t) D, (t) d Active biomass mass balance [
_ = — e 12,13,31]
dt (wa(t)) Yacts(®) — bing@a () + —~- L@ 8(t) L(0) dt (L(t)) in biofilm
i((bi(t)) . 9:(0) (Z)l(t)i(L(t)) Inactive bi_oma_lss.mass 12.13.31]
dt L(t) L(t) dt balance in biofilm
d D, Cs(t) d Substrate mass balance in [
_ =0 — — 12,13,31]
7t (6©) = 765 (€00 = C(©) = pr(®) = T3 7 (L©) biofilm
_ Deoz
(sz( ) = LL(t) Toi(p) Ceoze (D = Ceoa (D) + 4p7:) Mass balance for dissolved [12.13.31]
Ceo2(6) d CO2 in biofilm T
L(t) dt z (L®)
d (Ccy(®) = L (Cup(®) = Cy(®)) + 12p75(D)
de Y T L) VP " Pts Mass balance for hydrogen (121331]
RAGK: ion in biofilm o
L(t) dt( ®) gf,
. w
dv,(t) —-a, dL(t) Changes |_n tt_1e volume of [12,13.31] @
dt dt the liquid mass 1
>
=Ll Substrate mass balance in 3
@ ™ Ds(Csp (£) — Cs(t L [12,13,31] 42
( () = v, (t)( s(Con(8) = Cs( ))> liquid mass (anolyte)
— (Csp(t t) Cin(t t)Csp (t
dt( sn(®)) = Vi (t) (Qa( Csin(1) = Qa(®)Con (D) Substrate mass balance in [12.13.31]
A, liquid mass (anolyte) o
- L_Ds(csz:(t) - Cs(t))>
1
_a Mass balance for CO2
(CC,,Z,,( t) = 7 (t)( 7 = D2 (Ceoan () — sz(t))) dissolved in liquid mass [12,13,31]
(anolyte)
d
s (Ceozp(®) = 70 (Qa(t)Ccozm(t) Qu(©)Ceozp(t) Mass balance for CO2
" dissolved in liquid mass [12,13,31]
- L_TDCOZ(CCOZD(t) - Ccoz (0)) (anOIyte)
dCoy . Mass balance for dissolved [12.13.31]
ar b =€) = ol Oz in the cathode Chamber e
ac; 0%¢;
i_p0hi, Mass Balance [25]
gt Digez T
dcae ac ac Biomass concentration (34]
Jr = PG~ KaecCs equation
dcfc 1 dG Substrate concentration (34]
dt =Yy, dt equation
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ORR Oxygen reduction reaction
COoD Chemical oxygen demand
AAB Autotrophic aerobic biomass
ASM2D 2D Activated sludge model No.
DO Dissolved oxygen
MMFC  Microfluidic Microbial Fuel Cell
single chamber microbial fuel
SCMFC Cell (SCMFC)
EIS Electrochemical Impedance
Spectroscopy

e Jgoo

parameter description

Am Contact surface of biofilm and electrode
bina Inactivation coefficient
Coo, The initial gon.centration of carbon dioxide
0 in the bulk liquid
Cy The initial concentration of hydrogen in the
0 bulk liquid
Coo, (_:ark.)on dioxide concentration in the bulk
b liquid
Cs, Substrate concentration in the bulk liquid
Co Substrate concentration entering the anode
o chamber
Ch The concentration of carbon dioxide
n entering the anode chamber
Deo The diffusiion coefficient of carbon dioxide
2 in the liquid phase
D The diffusion coefficient of hydrogen in
" the liquid phase
Dy Substrate diffusion coefficient (lactate)
am Membrane thickness
geell The distance between the anode and cathode
electrodes
I saturation potential
kq Separation coefficient
la Volume coefficient of total mass transfer of
oxygen
1L Biofilm thickness
L, The thickness of the laminar sublayer
Inlet flow rate to the liquid mass in
Qa the anode chamber
do, Oxygen uptake rate
R Global constant of gases
dg Volume fraction of active microbes
ob; Volume fraction of inactive microbes
Nact Activation polarization
Nohm Ohmic polarization
Neone Concentration polarization
I current density

=2 MFC g3 Jow sl YU Jgaz ;o oaisasl )l oYolee
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5 &l 8595 o> Ol g S pan i ip > &jlge
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Sl st 9 Limg S mas Ly 0Ly el s Jalge
Olyedn il oo ¥olas (] 0iS (o) 2 | oo 8395 o>
MFC >k 5l 5 9, Shee s ln Sb sl
Gl (gaed ;08 sla lpl GYolee (pl (S )0 aigias 5 Sa
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MFC Microbial fuel cell
ANN Atrtificial Neural Network
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parameter description

Oleff
Cs
COZ

Ceo,

CC 024

CC (%)

C
COzp

*
Co,
Cy
Eo,anode

EO,cathode

Js,eff

Conduction of the electrolyte phase
Substrate concentration in biofilm

Oxygen concentration

Carbon dioxide concentration in biofilm
Carbon dioxide concentration in the liquid
phase

Carbon dioxide concentration in the gas
phase

The concentration of carbon dioxide
entering the anode chamber

Equilibrium concentration of oxygen in
the liquid phase

Hydrogen concentration in biofilm
Anode voltage in standard mode
Cathode voltage in standard mode
Faraday's constant

Electric current

Limited current

Reference current

Henry's solubility constant

Electrical conductivity of the membrane
Electrical conductivity of anodic solution
Substrate saturation constant

Reaction rate constant

Process temperature

The volume of the bulk liquid

Bacterial efficiency

biomass density

Conductivity

Potential

Current

Electrode phase potential

Electrolyte phase potential

Electrode phase conduction
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