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Mathematical Modelling of Double Chamber
Microbial Fuel Cell using Homotopy Perturbation
Method

P. Jeyabarathi, M. Kannan, L. Rajendran

Abstract: A theoretical model and simulation of a two-chamber
microbial fuel cell are discussed. The model is generated through
the integration of the microbial fuel cell's bio-electrochemical
kinetics and balance of mass and charge. Several parameters are
examined that have a direct impact on the performance of the
microbial fuel cells. Approximate analytical expressions for the
concentration of acetate, dissolved carbon dioxide, hydrogen ion,

biomass, dissolved oxygen, hydroxyl and cation M* in microbial
fuel cell and glucose and glutamic acid in GGA fuel cell are
obtained by solving the non-linear equation using new the
homotopy perturbation method. The analytical result is compared
with the numerical results and satisfactory agreement is noted.

Keywords: Mathematical modeling, Microbial fuel cell,
Artificial wastewater, Numerical simulation, Homotopy
perturbation method.

l. INTRODUCTION

A typical microbial two-chamber fuel cell shares certain
similarities with chemical fuel cells like direct methanol fuel
cells (DMFCs)[1] and direct ascorbic acid fuel cells
(DAAFCs)[2]. A cation-exchange membrane divides anodic
and cathodic chambers in both cases, oxidizes fuels in the
anodic chamber and releases protons that move through the
membrane to enter the cathodic chamber. By integrating
biochemical reactions, Picioreanu et al [3]create an acetate
solution based on a biofilm model of a redox-mediated
microbial fuel cell (MFC). Oliveira et al.[4] extended Zeng's
model and developed a model explaining the microbial fuel
cells thermodynamic conduct. Since the microbial fuel cell
is a multi-phase system involving simultaneous biological
and electrochemical processes, mass, charging and energy
transfer, the creation of a mathematical model is essential to
the design and optimization of this type of cell. Zeng et
al.[5 ] and Dannys et al.[6 ] present a one-dimensional
model representing a two-chamber microbial fuel cell using
an acetate substratum dependent expression of Butler-
Volmer and mass/charge balances. The model of acetate was
then extended to glucose and glutamic acid (GGA),
confirming that it is indeed possible to extend the model to
multiple substrates. Other than an acetate-fuelled microbial
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fuel cell, the current method is also successfully applied
tothe use of artificial wastewater (glucose and glutamic acid
solution) as fuel. In this paper, for all values of parameters,
analytical expressions of the concentration of acetate,
dissolved carbon dioxide, hydrogen ion, biomass, dissolved

oxygen, hydroxyl, and cation M™ are in Microbial fuel cell
and Glucose and glutamic acid in GGA fuel cell is obtained
by solving the non-linear equations using the homotopy
perturbation method.

Nomenclature

1845

Symbols meanings Value Units
CacCco, Concentration of - mol m=3
Ch. X acetate, dissolved
CO, ,hydrogen ion,
biomass in anode
components
Co, CoH Concentration of - mol m™3
Cm dissolved O, ,
hydroxyl, cation M* i,
cathode components
Cg.Cs Concentration of ) mol m=2
glucose, glutamic acid
in GGAMFC
Cacin:Ccoy;, Initial concentration of 1 mol m=2
Chin+ Xin acetate, dissolved
CO, ,hydrogen ion,
biomass in anode
components
Co,in-CoHin Initial concentration of 1 mol m=2
CM.in dissolved O, ,
hydroxyl, cation M *
Csin-Csin Initial concentration of 1 mol m=
glucose and glutamic
acid in GGAMFC
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C}-{]C C(i?o Concentration of 156,1,1,1 mol m=2 oo Cell current density 4.8 Am2
Cco,
in win acetate, dissolved -
ci.X N, Flux of m* ions - molm?h™
carbon dioxide,
hydrogen ion, bacteria
in the influent of anode 1. MATHEMATICAL FORMULATION OF THE
PROBLEM.
compartment
o on Concentration of 031211 IS The re.actlon scheme of the anode, catho_de c_hamber in
02 =M _ microbial fuel cell and glucose and glutamic acid in GGA
CE?H dissolved oxygen, M, fuel cell [5] is
OH™ in the influent of (CH20), +2H,0 - 2CO, +8H" +8e7t (1)
cathode compartment. O, +4e™ +2H,0 —> 40H ™ @)
chh cin Concentration of 12,15 mol m=3 . _
C +6H,0 - 6CO, +24H" +24¢
glucose, glutamic acid 5H1, O5 20 = 6C0, 3)
in the influent of anode CsHgNOy +6H,0 —5C0; + NH; +17H™ +18e ™ @)
compartment 11(A). MASS BALANCES FOR ANODE
F Faraday’s constant 96485.4 Coulombs COMPARTMENT [5]
mol™! The mass balances of the four components in the anode
compartments namely, acetate,
R Gas constant 8.3144 Imol-tk-1 co
dissolved ~~"2 | hydrogen ion and biomass are expressed by
T Temperature 303 K Eqns. (5-8).
i vi I dc i
KM ad Electrical conductivity 0.017 ohmim1 v, SZAC :Qa(Cm _c )*Amf
s AC AC 1
of membrane and dt ©)
aqueous solution. dCco, -0 (Cin —Ceo )+ 2AnT
_ a gt a{ ~co, 2 (6)
gcell gm Distance between 0.777,02 | M
anode and cathode in Va dgtH = Qa(CLT -Cq )+ 8An 1
) 7)
the cell and thickness. (
: dX Qa!x n_x D
Ca.Cc Capacitance of anode 500,400 Em—2 Vg e 7 + Anm Yac 11 —Va Kgec X
and cathode X (8)
ViV Volume of anode and 0.00001 - The initial conditions are
cathode compartment Cac =Caciy Coo, =Cooyyr O =Criyy X =Xin 5 t=0 9)
Qa, Q¢ Flow rate of fuel feed 0.00001 | 3p-1 where V:Qand “m are the volume of the anode and cathode
0.00002 . .
o anode and cathode compartment, Yacthe bacterial yield, and Kdecthe decay
Reciprocal of wash-out 10 None - .
fx P constant for acetate utilizes, *the reciprocal of the wash-
fraction Cac.Ceo. .Ch
. , , X .
o Rate constant of anode | 0.2.0.004 R out fraction, 2" and are concentration of
and cathode reaction o4zt | acetate, dissolved ©92, hydrogen ion and biomass.
Kac Ko, Rate constant for 0.05,0004 1 o m=2 11(B). MASS BALANCES FOR CATHODE
acetate and dissolved COMPARTMENT [5]
OXygen The mass balances of the three components in the cathode
Charge transfer 0.051,0.76, None . .
@0 and p g _ 0.74 0,663 compartments namely, dissolved ©2, hydroxyl and cation
coefficient of glucose Bthe M+
and glutamic acid at ; 2re expressed by Egns. (10-13).
o .
anode and cathode. Ve — 2 =QC(C3‘2 -Co, j +12 A (10)
Uoa Cell voltage - Volt qc .
_ Ve i:Qc(Cg]H —-CoH )—4f2 Am
Ue Cell open circuit 0.77 Volt dt (11)
- dC .
potential Ve d{w =Qc((3m —Cn )+ N A
Y vield 0.05 None (12)
S - The initial conditions are
/.\" rea o memprane 0.0002 m? — _ _
Cop =Cogin» Con = Comin: Cm =Cmin ¢ 1=0 (13
Keeo De(ia:/ co:ls.tant for 0.08 ht _ 3600igel .
aeetate ulinisers where F s the flux of M¥ions, '@!lis the cell
Overpotential at the \Y
Mar e _ . Co vCOH
anode and cathode current denSIty’ ’
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and ©™ are the concentration of dissolved ©2 hydroxyl, and

M™ . By using Butler-Volmer equation [7] which is shown
in the following equation:

C aF
—k§ —ZAC__ x (— j 14
f =Kg Kac +Cac exp, RT Ma ( )
Co (B-1)F
=—kJ 2 15
p) 2 Ko, +Co, eXP[ RT e ( )
0 0
where ki ka are rate constants of anode and cathode

. K .
reaction, Kacand "z are half velocity rate constant for

acetate and dissolved oxygen. 72, "C s the over potential at

the anode and cathode, @and #Zis the charge transfer
coefficient of the anodic and cathodic reaction. R is the gas
constant, F is the faraday constant and T is the temperature.

1(C). MASS BALANCES FOR ANODE
COMPARTMENTS IN THE GGA FUEL CELL [5].

The mass balances of the five components in the anode
compartments namely, glucose, glutamic acid , dissolved

€O, ,hydrogen ion and biomass are expressed by Eqns. (16-

21).
Va d;ite =Qa (Cén -Cs )— Am M1 (16)
Va dd% =Qa (Cgi;n -Cs )— Am N2 (17)
Va dcd% =Qa (Cg]oz -Cco, j+6Am 1 +5An 2 (18)
Va dZtH =Qa(C|i_T —CH)+24Am rq +17 Ap o 19)
Va %( =Qa X inf =X, Am Y aw (11 +12)-VaKgaw Am 12

X (20)

The initial conditions are
C6 =Ce;y» Cs5 = Cs;, Cco, =Ceoyy, CH =Chyp X =Xin - o4 t=0 1)

where  YAW the bacterial yield, Coand ©5 are the
concentration of glucose and glutamic acid respectively. By
using Butler-Volmer equation [7] which is shown in the

following equation:

0 Ce ag |
rnq =k X ex n.
u 1 K6 +Ce p{ RT a]

(22)

C ar F
rp =k2 5 __ X exp| 22
2 2% cs " YP TRr 7o 23)
k? kO .
where "1land "12rate constants of glucose and glutamic

acid, “1and “2are charge transfer coefficient of glucose and
glutamic acid.
11(D). The charge balances at the anode and cathode [5]

The charge balance of the anode and cathode are given by
the following Eqgns. (24-25)

dn .
Ca 18 _3600ice —8F 1
dt (24)

Ce dd% =-3600ige) ~8F 1

(25)
The initial conditions are
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Ma =ajn e =Tle, at t=0 (26)

where Caand Cc  are the capacitances of anode and

cathode. The cell voltage V<!l is calculated as

d™  deen |
Ucell =u? —Ta *+1c —[_ + el J'cell 27

k™o k3

where  U® is the open circuit voltage, d™dg, are

thickness, k™and k3 are the conductivities of the

membrane. The steady state condition for acetate

Cac(t)=Ci. —450ice FA where r, _450cen (28)
1. ANALYTICAL EXPRESSION OF
CONCENTRATION USING HOMOTOPY

PERTURBATION METHOD.
Recently, many authors applied the HPM to solve the
various linear and nonlinear problems in physics and
engineering sciences [8-10]. Suganya and Rajendran [11]
derived the analytical solution of nonlinear equations in
microbial fuel cells in wastewater treatment using the
this

dissolved carbon dioxide,

homotopy perturbation method. in paper, the
concentrations of acetate,

hydrogen ion, biomass, dissolved oxygen, hydroxyl, and

cation M"are in microbial fuel cell and glucose, and
glutamic acid in GGA fuel cell can be obtained by solving
Egns. ((5-8),(10-12) and (16-20)) using HPM (see Appendix
A) Eqn. (5) can be rewritten

LCac _p 2(¢]
dt kac +C
AC TAC J\where
aF
in 0 ﬁ”ain
a 2aCac QaCacin , _Amki Xine
! Va Va e Va

(29)

for some fixed experimental values of the parameter
Qg =0.00002, V4 =0.00005, C,Tc =156,Cacin =1 Xjh =1,
Aq, =0.0005,kY =0.207,F = 96485.4,K ac =0.592,77in =0.L.

(30)
Solving the above equation we get

Cac(t)=0.067 +o.e7w(5.8e*2-7 t) =02,A) =2,z =001

where A

Cac(t)=0.052+0.65W(6.2¢35¢)

(1)
where A =02,A =3,a =0.051
(32)
Cac(t)=0.018 +0.62W(7.89’1“)Where AL =02,Ay =7, =03
(33)
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Cac(t)=0.002 +0.6W(8.7e’107'7 t) o A=02,A =65,0=09

wher
(34)

Qat
Cco, (t)=Ag S—a + (Ccoz in—As S—a]e Va

a a where

in aF’Ia.inJ
RT
Qa CCOZ 2 kf Am Cacin Xin®

A =
’ Va Va (Kac +Cacin) (35)

_Qat
[CHm - A S—aje Va where

a

Ch(t)=As 22+

aFUa.in-J
i 0 RT
_ Qa CII-T + 8 kl Am CAC.inXin €

Va Va (KAC + CAC.in) (36)

Ay

in in
X(t)zi &]e%twhere

+| Xip +
A5 foa A5foa

aFnain
RT

_ -Qq " Am Yac kfe(

Caci
— f V n _Kd
X 'a

As Va(Kac +Cacin) T @)

in in
¢ >0, c Qc 0y
+ O2in — VC

e "6 Lwhere

COz(t):

(ﬂfl)F’?c.in]

A KO [ RT
po =2, An o€ (38)
Ve o Ve (Koz +C02.in)

—Qct
Con(t)=A %J{COH in—A S—CJG Ve where
Cc Cc

(B-1F ncin

A = Q. Céi N 4k3 A Copin® (39)
Vc VC(KOZ +Coz.in)
—Qct
CM (t)ZAg &‘F(CM_in —Ag&]e Ve where
Ve Ve
in :
Aﬁ :QC CM + 3600 'cell Am (40)

Ve V. F

111(A). ANALYTICAL EXPRESSION OF GGA
MICROBIAL FUEL CELLS CONCENTRATION
USING HOMOTOPY PERTURBATION METHOD.

Equation (16) can be rewritten

dCe Ce
6 A — A
m Ag 10[ c

]Where
Kg +Cg

i 0
_QaCg'  QaCgin A= Am kgg Xin €
= - Ao =

Ag Va Va Va

(41)
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for some fixed experimental values of parameter
Qa =0.00002, V,; =0.00005, CI" = 1.2 Cgjn =1, Xjn =1,
A =0.0005,k$; =0.005,Kg =0.3,F =96485.4, 5,y =0.1.

Solving the above equation we get
Ce(t)=0.038 +O.336W(49.4e’1'9 t) where
Ag =0.08,A;q =0.72,04 =0.1

Ce(t)=0.012 +0.316W(70.3e*‘-8 t) where
Ag =0.08,A;q =1.6,a1 =0.3

Cg(t)=0.007 +O.306W(81.5 e’lO'St) where
Ag =0.08, A =3.3,a1 =05
Co(t)=0.005+030 W(85.16 7464t ) where
Ay =0.08,Ap =4.8,01 =06

(46)
Equation (17) can be rewritten

—=An -Ap
dt K

5 +Cs

] where

otzF7
RT T

_ Qa Cén ~ QaGCsin Ay = Am kfz Xin e(
V, v, ¥ Va
for some fixed experimental values of parameter

A11

Qa =0.00002, Vi, =0.00005, CI" = 1.15,C5 = 1, Xjn =1,
An =0.0005,k$, =0.0007,K5 = 0.1,F = 96485.4, 15 ;,, =0.1.

Solving the above equation we get
C5(t)=0.007 +o.1o7w(10475e—15-7 t) where

All :0.0G,A]_Z 20.98,(12 =0.7

Cs(t)=0.015+0.115W (44933e—3-“8 ‘) where
A1 =0.06,A1p =0.46,0r7 =05
(50)
Cs(t)=0.04+0.14W (6518.72e-1-°7‘) where
A1 =0.06,Ap =0.21,p =0.2
(51)

Q,t

Cco, (t)=A13 S—a + {Cco2 in— A3 S—a Je V. where
a a

; @1 Fna @2 Fria
n
Agg = Qa Cco, P Xin 6kP: Coine 7 . 5kfr Csjne T
Va Va Kg +Cgin Ks +Csiin
_Qat
CH(1)=Ars 32 +| Cco,in—Aa o> o * Where
Va 2 A
ag F g in. a Fnain
Ay = QaCH | An Xin 24kd1 Coine RT W k> Csine
Va Va Kg +Cgin Ks +Csjn
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—Qa

X(t)=
© A5 fxVa

x‘“+[xm+ Qva x‘”]e‘\stwhere

5Va'lx

a1 Fnain a2 Frnain
0 RT 0 RT
Qa , AnYaw | ki1 Cein® kiz Csin © K
v + ~ Kdaw

A5 =—

(54)

Va fx Va Kg +Cgin Ks +Csin

111(B). ANALYTICAL EXPRESSION OF OVER
POTENTIAL AT THE ANODE AND CATHODE
USING HOMOTOPY PERTURBATION METHOD.

Egn. (24) can be rewritten

dn,
dt

=B, - B, eB (V) where

~ 3600ig
Ca

- 8F k{Cacin Xin

B, -2F
CalKac +Cacin)’ ° RT

B,
(55)

Solving the above equation we get

e‘Bs(B1t+’7ain )[BZ eBa Tain (eB1 Byt 1)+ Bl}

B,

1
t)y=——Io
7a(t) B g

(56)
Eqgn. (25) can be rewritten

dne

=B Bs eB () where

. 0
_3600icen p _ —4Fk;Co,in g _(B-DF
=8 o =

C

B = )
4 CelKo, +Co,in) RT

(57)
Solving the above equation we get

. eBs Bet[B4 e Bs7lcin ,BS}JrBS
ne(t)=—1log
Bs

By

(58)
Using Eqns. (56) and (58) , the Egn. (27) becomes

1 o efBS(Bleam)[Bz eB3IIain (eB1B3| —l)+ Bl]
B, 9 B

U

cell =
1

1 B4 BG‘[B g %6 vcin _p ]+ B " d :
B Io 4 5 54U - — —=cel j
B, g[ B, k™ ke (59)

VI. NUMERICAL SIMULATION

Numerically, the non-linear Egns.( (5-8)and (10-12)) in
Microbial fuel cells and Egns. (16-20) in GGA Fuel cells are
solved for the initial condition (equations (9),(13) and (21)).
For ordinary differential equations, the function of ode 45 in

1

& =0.051,0.01,0.3,0.9
(inerea sin g )

concentration of acetate( mol W)

e
i
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the Matlab program is used to solving the boundary value
problems. The numerical results for all parameter values are
also compared to the analytical expressions equations
obtained (29-54).

V. DISCUSSION

Eqns. (31-34) represents the concentration of acetate
for various experimental values of parameters. Fig. 1(a)
represents the concentration of acetate versus time for the

various value of the decay constant for acetate utilisers Kec
From the figure it is inferred that the concentration of
acetate is the decreasing function. The concentration of
dissolved carbon dioxide, hydrogen ion, and biomass versus
time are represented in Fig. 1(b-d). From the figure, it is
observed that dissolved carbon dioxide, hydrogen ion, and
biomass are increase when time increases.

Fig .2 represents a concentration of dissolved oxygen,

hydroxyl, and M versus time for the various values of
charge transfer coefficient of cathode # , rate constant of
dissolved oxygen Ko, , and volume of cathode Ve . From the

figure, it is inferred that concentration dissolved oxygen ,
increases when time increases. From the figure it is

observed that the concentration of hydroxyl, and M™ is the
decreasing function. Fig. 3 represents the concentration of

glucose, glutamic acid, dissolved COZ, hydrogen ion, and
biomass for various values of parameters. From the figure, it
is noted that glucose, glutamic acid, dissolved COZ,
hydrogen ion, and biomass are decreasing function.

Cell voltage Ueell versus time is represented that Fig. 4
for the various values of parameters. From the figure, it is
observed that cell voltage increases when time increases and

reaches the steady-state value when (=10  hour
approximately.

Fig. 5 represents cell current density lcell versus time for
various values of parameters feed flow rate of anode Qa and
area of membrane “m . From the figure, it is inferred that cell
current density lcell increases when time increases and

reaches the steady-state when t=Lhour for all values of
other parameters. The maximum value of cell current

density depends upon Qagnd An

K¢ = 16060 ,30606,50600 96060 (mal m = )
14} Cincrea sing )

Concentration of dissolved CO( mol m“z,l
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45 30
kf =0.01, 01, 0.2,0.3 (molm 2t )
Cinerea sin g )

2
°)

ast

Concentration of biowass (molm™ )

20

15

K gac

—0.1,0.2, 0.01.0.05, 0.08 (k' )

1sf 10 (decrea sing )

Concentra tion of Hydrogen ion(molu

4 6
Timse (0}
) )

Fig.1 Comparison of analytical and numerical solutions of anode compartment in Microbial fuel cell.
(@) Concentration of acetate versus time (Eqns.(31-34))
(b) Concentration of dissolved CO, versus time (Eqn. (35))
(c) Concentration of hydrogen ion versus time (Egn. (36))
(d) Concentration of biomass versus time (Eqn. (37))

Solid lines represent the numerical simulation and the dotted lines represent the analytical solutions

1.25

o
th

n
T

=
)
T
&
th

[ Ko =2,0.9,6.4,0.004d(mol m™> )
B=0.9,08, 05,001 (decrea sing )

(increasing )

=
-
7
T
S
T

w
T

=
o
0

Concentration of Tiydroxy! (moli m )
5] 2]
n in

Concen tration  of dissolved Oy (mol m‘?)
-
=

[
2]
T

1.5F

0.95 1
0 6 4 6
Time (I ) Time (It )
(@) ®)

= =
o [
T T

Concentration of M * (mol m= )
=
S

V. =0.00003, 0.0005, 0.0003, 6.0001 (m*)
(decrea sing )

I
[

6
Time (It )
)

Fig.2 Comparison of analytical and numerical solutions of cathode compartment in Microbial fuel cell.
(a) Concentration of dissolved 0, versus time (Eqns.(38))
(b) Concentration of hydroxyl versus time (Eqn. (39))

(c) Concentration of M* versus time (Eqgn. (40))

Solid lines represent the numerical simulation and the dotted lines represent the analytical solutions.
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1 S . . . .
T = @ =0.7,05, 03
_i & (decrea sing )
£os T 08}
3 z
3 v
< @ =06,05,03,01 g
g 0.6 (decrea sing ) &8 0.6
5 g
3 E
§ £ 0.4
T 0.4 g 04f
. g
N W
H B
£ oaf oz
5 5
5 g
O g
H
0 " % 1 2 3 4 5
0 2 4 6 8 10 Time (1)

Time (h )
@ &)

150 T T T T 7

a; =0.1,13,05,0.6,0.76
(decrea sing )

[
=

0, =0.001, 0.002, 0.6004,9.0006 (m’ W)

(decrea sing ) W

[*]
th

[ary
=
=]
3
=

th
=
—_
=

2]

Concentrarion of hydrogen ion ar GGA fuel cell ( mol m bl
=
Lh

Concentration of dissolved CO 3 at GGA jfuel cell ( mol m= )

=

0 L L L L L L L
0 2 4 6 8 10 0.2 0.4 0.6 0.8 1

Time (h) Time (h)
© @

=

)

-
=2
=]

[y

(=1

=]
T

(=]
=]
T

K;=0.7,03,01,00003 (mal m_3)
(decrea sing )

Y
=
T

Concentration of biomass at GGA jfuel cell { ol m=
(=] =
= =]

10

Time ()
(&)

Fig.3 Comparison of analytical and numerical solutions of artificial waste water (glucose and glutamic acid.

(a) Concentration of glucose versus time (Eqgns. (43-46))
(b) Concentration of glutamic acid versus time (Eqgns. (49-51))

(c) Concentration of dissolved CO, versus time (Eqn. (52))

(d) Concentration of hydrogen ion versus time (Eqn. (53))

(e) Concentration of biomass versus time (Eqn. (54))
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Solid lines represent the numerical simulation and the dotted lines represent the analytical solutions.

v’ —0.07,07,1 (V)

Cell voltage U,y (V)
e

Cell voltage U .y (V')

d™ =10,100, 300,700 (m)

0 2 4 Time (1) 6 8 10
@

Time (I )
®)

%" — 10,100, 300, 700 (m)

Cell voltage U_y (V' }

Cell voltage U,y (V )

K" =0.9,0.1,0.03,0.02, 0.015,0.01 (a.’rn|4 m?)

0.5

4 6 10
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Fig. 4 plot of cell voltage u.,, versus time for various values of parameters u®,d™,d®" and k™ using Egn. (59)

1400

10f
__ 1200F 0, =0.00001(m* 1~ )
'T= - ol
= 1000} L
! : a 8f
H 0, =0.00002(m’ ") 3
E 800 gl
< £
§ §
i =
£ 600 — e
g 0, =0.00003(m* i™!) H
g is
400 5 A, =03,04,05,06(m?)
0.00004(m* n~t 4
-0, m? nl )
ol e
3
0 L . 5 . . .
0 5 10 15 20 S 10 T

11

Time (h)
@

20
Time ()
®)

Fig. 5 plot of cell current density i, versus time for various values of parameters Q, and A, using Eqn. (27)

VI. CONCLUSION

The non-linear equations in two-chamber microbial fuel
cells were solved analytically. The approximate analytical
expression of concentration of acetate, dissolved carbon
dioxide, hydrogen ion, biomass, dissolved oxygen, hydroxyl

and cation M™ in microbial fuel cell and GGA fuel cell for
all experimental values of parameters are derived using the
homotopy perturbation method. A satisfactory agreement
with numerical simulation (Matlab program) is noted. These
analytical expressions can be used to analyze the effect of
various parameters such as decay constant, charge transfer
coefficient of glucose and glutamic acid at anode and
cathode, compartment. This theoretical result is also useful
for the enzymatic microbial fuel cells.
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APPENDIX

A. Approximate analytical solution of nonlinear Eqgn. (6)
using HPM for mass balances [5].

In this Appendix, we derive the general solution of the
nonlinear reaction equation (6) using the new approach
homotopy perturbation method. We begin by constructing
the homotopy for Eqgn. (34) as follows:

in aF \
(1o py SCeoz _ Q2 | QCeop _, ALK Coe(t=0)X(1=0) [F7racto)]
dt v, V] V, (K, +Cpc(t=0))

a a

dCeop  QuClop . R:Ceop A ki CpeX [%"a] _
p| - + -2 e =0
dt v, v, V,(Kpe +Cpc)

(A1)
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The approximate solution of the Eq. (Al) is
Ceo, (1)=Cco, (t)p° +Ceo, (1)P+Cco,, (t)P? +... (A2)

Substituting equation (A2) into equation (Al) and equate the

0
terms with identical power of P we obtain

p’: dCCOZO _ Q. CiC"Oz 4 QBCCOZ _ zAnkf Chcin Xin 9[ RT ]:0

dt Va Va Va( KAC + CAC.ln ) (A3)
with initial condition for Eqn. (A3) given by
t=0, Ceo,, =Cco,, (A4)

Solving Egn. (A3) with initial condition (A4), using first
iteration we get:

Qat
_ _aQa o aQa ), Vi
Ccoz(t)_CCOZD(t)_AVa +[cc02_m AVa Je where
n [aFna.mJ
:QaC::oz +2 k?Am Cacin Xin € RT
Va Va(Kac +Cacin) (A5)
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