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Abstract 

Microbial fuel cell (MFC) mathematical model was established with suspended microorganisms, 
biomass on the electrode material, soluble chemical substrates and intermediary. By simulating the 
process of the substrate degradation, biomass growth and the electric current production process, With 
different initial biomass concentration, suspended microbial biomass and biomass attaching on electrode 
varying with time, current and charge varying with time, substrate concentration varying with time and 
mediator concentration varying with time were investigated. The results showed that initial suspended 
microbial is little, growth of biomass is main on electrode, biomass in solution grow slowly, producing 
electricity the main function biomass is on electrode, while initial suspended microbial concentration is 
high, growth of biomass is main in solution, biomass on electrode grow slowly, producing electricity the 
main function biomass is  in solution; the more initial suspended microbial, the faster current reaching the 
maximum, the more charge, the faster substrate degradation, the faster mediator variation; initial add 
biomass benefit to MFC producing electricity. 
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1.   Introduction 
Energy shortage and environmental pollution have become two significant global crises, 

and it has serious threaten to human living surrounding and development [1]. Microbial fuel cell 
(Hereinafter referred to as MFC) which function is to produce synchronous electricity and to 
degrade organic pollutants. There is great significance on solving the environmental pollution 
and the energy shortage. MFC as a new clean energy technologies production, play a key role 
on not only the treatment organic wastewater, but also producing electricity. The advantages by 
following: operating under mild conditions, controlling simple and producing nonpolluting 
product, and etc [2], so recently, it gets more and more attention. The research for MFC still 
remains at the experimental stage, but Only through the MFC experiment is difficult to 
fundamentally reveal the laws of MFC synchronization electricity and biological growth and 
organic pollutants degradation. Therefore at present some scholars are dedicated to study the 
mechanism of MFC through the method of the mathematical simulation [3] by anglicizing the 
process of electrochemical and biochemical, proposed a electrochemical pattern based on 
experiments [4] et al, create the MFC mathematical model by computer simulation, simulate 
current, voltage, bottom material matrix, the growth of micro-organisms evolved over time under 
different operating conditions and investigate the initial substrate concentration, medium 
concentration, oxidation-reduction potential, external resistance and other aspects of the 
battery, the simulation results are in good agreement with experimental results [5], et al, reveals 
that one of the most efficient ways is MFC computer simulation by rational designing and using. 

But so far, there is not still systemic and in-depth way to study all the MFC factors which 
affect the biomass concentration on the production electricity and the substrate degradation. 
Biomass is the power to consume the substrate matrix in MFC, is also an important factor 
affecting on the production electricity and one of the important substance handling contaminated 
sewage. Therefore, this article establishing MFC anode chamber model, through the simulation 
of organic degradation process on MFC anode room, study initial biomass concentration on  
affecting the laws of microbial growth in anode solution and on the anode, the laws of 
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degradation of organic pollution, the laws of MFC producing electricity and the laws of 
intermediary changing [6-8]. 
 
 
2.   Research method 
2.1.   Reaction mechanism 

In MFC reaction process exist generally electrochemical and biological chemical 
reactions phenomenon. The MFC electrochemical reaction is said a electron transfer 
relationship between the microorganism, electron donor and electronic receptors. As electron 
donor organic matter, under the microorganism function release electronic, the electronic 
through the direct or indirect way removed to the anode surface as electron acceptor. In 
electrochemical reaction process with a series of biochemical reactions, the biochemical 
reaction in the cells make bacteria metabolism, biomass accumulation, and reduce substrate. 
Microbial oxided substrate producing energy stored in the cell mitochondria by NADH and 
NADPH. NADH and NADPH is electronic carry body from substrates to metabolism product, in 
anaerobic conditions, it has high efficiency electrical activity, which can be directly or indirectly 
discharge cells [9] [10]. And the response of the electrode surface decide on MFC performance, 
making sure to  electrode surface material concentration is very important [11]. Transportation 
process of substrate from solution to electrode surface spread by the influence of the 
resistance, so electrode surface material concentration below solution substrate concentration, 
known as the concentration gradient. So this model assume that electronic transferring  rely on 
the middle subject (including NADH and NADPH) from in cells to the cell surface, but this model 
does not include the part  from in cells from cell surface, and while from cell wall to the electrode 
surface depends on the adding mediator thionine. Model use acetate as the substrate, the 
intermittent  training  mode. 

 
2.2.   Electrochemical reaction equation 
2.2.1.   Electrode reaction control equations 

The process of mediator accepting and releasing electronic, using type (1) said: 

                                                                             
(1) 

 
Type, Mred means reduced mediator, Mox means oxidized mediator. A series of 

biochemical reaction process of substrate consumption and biomass growth of electrode 
surface and solution use double monod equationv [4] to describe, following formula (2) as 
shown. This formula applies both the electrode surface and solution. 

 

                                                            (2) 
Parameters see table 1. 
 

2.2.2.   Current and quantity control equation 
Ph for constant, the product current density use Butler-volmer equation [5], following 

formula (3) as shown. 

  (3)

  

 
Local current density to the integral of the area called current formula (4) as shown. 

                                                                                                          (4) 
 
The production of charge is calculated by integral current for time formula (5) as shown. 
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Parameters see Table 1. 
 

Table 1.   MFC Parameters 
S0

AC，B Initial substrate concentration 100(mg/L) 

S0
Mred,B 

Initial reduced mediator 
concentration 

10-3(mM) 

S0
Mox,B 

Initial oxidized mediator 
concentration 

1(mM) 

qAC,max Maximum rate constant 10( mg/L) 
S0

X,B Initial biomass concentration 0.01or5(mg/L) 
i0,ref Reference current density 2×10-4(Am-2) 

Sref,Mred=Sref,Mox Reference mediator concentration 1(mM) 
Rint+Rext Total resistance 1000（Ω） 

VC Cathode potential 0.68（V） 
AF Anode area 10-3(m2) 
Kac Acidity constant acetate 100（mg/L） 
b Tafel coefficient 0.120（V） 

DAC Acetate diffusion coefficient 6.5×10-6 
DMred=DMox Mediator diffusion coefficient 2×10-6 

Kmox Haif-saturation coefficient 0.1(mM) 
LL Boundary layer thickness 10（μm） 
PH PH 7 
E0

M Mediator reduction potential 0.477(V） 

 
 

2.2.3.   Voltage and potential control equations 
 

                                                                         (6) 
                                                                                                          

In formula, ηact means activation potential, ηohm means ohms potential, ηconc means 
concentration potential. E means balance potential. 

Ignore concentration potential losses, as the model use substrate concentration of 
electrode. Potential of cathode and anode is listed respectively. Formula (7) as shown. 

 

                                                            (7)    

                                                      

In MFC liquid exist internal resistance , following ohm’s law . 

Because this mainly stuies the anode room, in order to simplify model, assuming 
cathode voltage is constant. Formula (8) as shown. 

 

                                                                                                                                                           (8)  

 
The balance of the anode reaction voltage is about a function of standard redox 

potential, the revision is about redox mediator of the anode [2], written (9):  
 

                                                                    (9)  
 

                                                                  
By above get type (10), called a calculation formula of activation potential. 

  

                                           (10)  

intR

AE

)
,

,lg
2

059.0
059.00 

/( ) int( , n
EMred S

n
EMoxSPHMred Mox E ext R RI C V act A   

2
,

,

,ln 0
/  

HES
EMredS 
EMoxS 

nF 

RT 
Mred MoxE AE 

actCCE C V ,  

intIR ohm


ohmactAAE actC C E cellV    ),( ) , ( 

concohmactcellEcellV     



         

TELK

562

3.   R
3.1.   

proce
mg/L
result
simul

highe
liquid
growt
logar
growt
becau
can p
the e
increa
there
const
same
consu
subst
longe

   

KOMNIKA  V

Results and 
Simulation 
growth 

In order 
ess of solutio
, initial biom
ts of these s
lation proces

From Fig
er than the li
d, biological g
th slow, in de
rithmic growt
th. But the 
use as biolog
prompt electr
electrode su
ased drama

efore, the ele
tantly consu
e time, beca
umption in t
trate, a slow
er growth. 

 

 

Figure 

Figure

Vol. 11, No. 2

discussion 
 about diff

to investiga
on and anod

mass rarely (
simulation ar
ss see Table
gure 1, findin
iquid biomas
growth accor
elay demurra
th, and to th
liquid bioma
gical catalys
ron transfer o
urface micro
atically. And 
ctrode surfac
mption, mak
ause of ele
the electrode
w growth tre

1. Initial Solu

e 2. Initial So

  

2, February 2

ferent initial

ate different 
de biomass g
(MFC initial 
re as shown
1. 

ng at MFC st
ss, and adhe
rd with biolog
age incurred
he 8th days 
ass growth 
tthe electrod
out, benefici
obial metab

electrode f
ce biomass s
ke electrode
ctrode surfa
e, the liquid
end, and wit

ution Biomas
on Electrod

olution Bioma
on Electrod

2013 :  559 –

l biomass c

initial biom
growth in 25
start-up pha

n in Figure 1

tart-up phas
ered to the e
gical growth 
, after 3 day
reaching to
was signific

de is the elec
al to the oxid

bolism, mak
for biologica
significantly 
es biomass 
ace biologica
 biomass is
th the subst

 
ss 0.01 mg/L
de Changing

 
 

 
ass 5 mg/L, S
de Changing

– 566 

concentratio

mass evolutio
°C,  initial su
ase) and init
 and Figure

e, electrode 
electrode bio
rule. In 0 to 
s biomass h

o smoothly, i
cantly lower 
ctronic accep
dation reacti
es the elec

al provides 
more than of
growth tend
al fast grow

s restricted b
trate consum

, Solution Bio
g Over Time

Solution Biom
g Over Time

    

on influenc

on, this artic
ubstrate con
tial biomass

e 2 . Other in

biomass gro
omass is far
three days e
as a sharp in
into the stab
than the e

pter of oxidat
ons happen,
ctrode surfa
also attache
f liquid. Beca

ding graduall
wth, make a
because the
mption, biom

omass and B

mass and Bio

 ISSN: 2302

cing biomas

cle simulate
ncentration fo
s 5 mg/L, an
nitial conditio

owth rate is 
r greater tha
electrode bio
ncreasing, in
ble and no l
lectrode bio
tion half resp
, so as to fac
ace biomass
ed to the c
ause the sub
ly smooth. A
a lot of sub
re wasn't en

mass ultimate

 

Biomass 

 

omass 

2-4046 

ss 

ed the 
or 100 
nd the 
ons in 

much 
n that 

omass 
nto the 
longer 
mass, 

ponse, 
cilitate 
s has 
carrier, 
bstrate 
At the 
bstrate 
nough 
ely no 



TELK
 

much
Comp
MFC 
to so
the e
the e
subst
when
grow
micro
on ele

3.2.   

perfo
conce
5 mg/
initial

KOMNIKA  

From Fig
h higher tha
paring with F
reaction  bio
lution, bioma

electrode sur
electrode gro
trate, biomas

n substrate i
, because e

oorganism re
ectrode until

 
Simulation 
electricity 

In order
ormance, this
entration for 
/L. The simu
 conditions s

Figure 3. In

Figure 4. In

Sim

ure 2 recove
an the elect
Figure 1 and 
omass growt
ass growth i
rface microb
owth need t
ss in solutio
s fewer grad
electrode m

estrictions, so
 the substrat

 about diffe

r to resear
s article sim
100 mg/L, in

ulation results
see Table 1. 

itial Solution
H

nitial Solution

IS

mulation Biom

er when initia
trode growth
Figure 2, init
th is mainly 
s in solution
ial growth, b
ime, suspen

on would go 
dually, in so

microbial con
o on electrod
te is exhaust

erent initial 

rch different
mulate curren
nitial biomass
s are as show

n Biomass0.0
Hollow Circle

n Biomass 5

SSN: 2302-40

mass Effectin

al biomass fo
h rate, and 
tial biomass 
the anode e

n. The reaso
but if initial s
nded microbe

to growth, s
olution bioma
nsumption su
des biomass 
ted. 

biomass co

t initial bio
nt and elect
s rarely (MFC
wn in figure 

 
 

 
01mg/l, Curre
e is li Haoran

 
 

 
5mg/L, Curre

 

046

ng On Microb

or 5 mg/L,  s
the solutio
inoculating c

electrode surf
n is that alth

solution biom
es in the so
substrate wi
ass growth i
ubstrate wa
slowly increa

oncentratio

omass effec
tric charge f
C initial start
3 and in figu

ent and Char
's Experimen

nt and Charg

bial Fuel Cel

solution biom
n biomass 
culture from 
face; initial a
hough MFC 

mass is the m
olution is at 
ll be in solu
s balanced, 

as floating in
ase, biomass

n influencin

ct MFC pro
for 25°C, th
t-up phase) a
ure 4. Simula

rge Changing
nt  

ge Changing

 

ll... (Xinggua

mass growth r
growth dom
the start, du

add more bio
reaction stim

more, microb
first consum
tion consum
almost no l

n the soluti
s continue to

ng producin

oducing ele
e initial sub
and initial bio
ation process

 

g Over Time

 

g Over Time 

an Ma) 

563

rate is 
minant. 
ring in 
omass 
mulate 
bial on 
mption 
mption, 
longer 
ion of 
o grow 

ng 

ectrical 
bstrate 
omass 
s other 

 



         

TELK

564

bioma
the m
keep 
bioma
consu
bioma
appe
achie
mg/L
maxim
maxim
chem
in ce
anod
gene
electr
the m
long t
a con
trans
make
vacci

were 
exper
bioma
soluti

3.3.   

sectio
rarely
simul

rate, 
bioma
bioma
conce
reduc

   

KOMNIKA  V

Through 
ass, the fast

more the cha
a period of 

ass is of little
ume less of
ass as time
ared as sho

eve maximum
, solution bio
mum. Bioma
mum. Figure

mical substan
ll accept ele
e electrode s
rate current,
ron to the ele

maximum cu
time than in 
nsiderable a
ferring to th

es current in
nated some 

Figure 1 
very small, 

rimental proo
ass of the e
ion, to produ

 
Simulation 
degradatio

In order 
on  simulate
y (MFC initi
lation results

The figur
the faster s

ass reduce, 
ass very litt
entration be
ced, until 13 

 
 

Figure 5. 

Vol. 11, No. 2

the Figure 
t  the curren
arge. In figur
time before 

e, as shown 
f substrate, 
 accumulate

own in Figur
m. Reason c
omass in a 
ass consume
e 3 and Figur
nce to bring e
ectron into re
surface, afte
, in the MFC
ectrode surfa
rrent almost
Figure 3, re
mount of ele

he electrode 
n a period o
biomass in M
and Figure 
to produce e
of from the s

electrode. Fig
ce electricity

 about diffe
on 

to study diff
e the substra
al start-up 

s as shown in
re 5 the bigg
substrate co

COD remo
le, at the be
gan to decr
days the sub

Initial Solutio

  

2, February 2

3 and Figu
t to reach th
re 3 current j
the fall [7], i
in figure 1 s
producing e

ed ceaseless
e 3 current 
can be seen
rapidly grow
e substrate 
re 4 the max
electron from
educed med

er that becom
C process tr
ace, because
t is the sam
ason is initia
ectronics, a 

surface, wi
of time main
MFC initial st
3 can also e
electricity the
start of trainin
gure 2 and F
y the main fu

erent initial 

ferent initial 
ate degradat
phase) and 
n figure 5.  
ger initial bio
onsumed [8]
oval rate red
eginning thre
rease abrupt
bstrate consu

on Biomass 0
Chan

2013 :  559 –

re 4 finding
he maximum
just began t
in Figure 3 h
shows initial 
electronic is 
sly, so the r
growth. Figu

n from the c
wing and in a

produce ele
ximum curren
m cell walls t
diator, reduc
me oxidized m
ransferring e
e of the initia
e. In Figure 

al more biom
large numbe
th fixed med

ntaining the 
tage benefit 
explain when
e main functi
ng, the creat
Figure 4 sho
nction bioma

biomass c

biomass co
tion, for the 

5.00mg/L,

omass conce
 experiment

duce. As sh
ee days deg
tly, in 6 day
umed.  

 
0.01 mg/L an
nging Over T

– 566 

g the bigger 
, the longer 
to slow grow
hollow circle 
biomass gro
little, the fir

rate of gene
ure 4 curren
chart 2, whe
a short time 
ectronic, gen
nt is same, th
o the electro
ed mediator
mediator to t
electron main
al fixed medi

4 current m
mass reprodu
er of electro
diator, produ
maximum. I
produce elec

n the initial a
ion biomass 
tion of electri
ows the initia
ass is  in solu

concentratio

ncentration 
initial bioma
other condit

entration, the
t conclusion
own in figur
gradation slo
ys the subst

nd 5 mg/L, S
Times 

    

r initial adde
current in m

wth, rapid gro
as shown. B

owth slow, le
rst current i

erating electr
nt in a short 
en the initial 

biomass bre
nerated curre
he reason is 
ode surface, 
r release the
the cell surfa
nly rely on m
ator, so Figu

maximum co
uce rapidly at
nic must de
ucing curren
n Figure 4 
ctricity. 
added to the
is on electro

ic power is m
al add more
ution. 

on influenci

to substrate
ass concentr
tions remain

e faster subs
 is in agree
re 5 when t
owly, with tim
trate decom

ubstrate Con

 ISSN: 2302

ed to the so
maximum ma
owth to max
Because the
ad to just be
s small. Fig
ron will be f
period of ti
biomass for

eeding reach
ent rapid re
that mediato
oxidized me

e electronic 
ace, the cycle
mediator rele
ure 3 and Fig
ntinuous las
t began prod
pend on me

nt time will l
and Figure 

e solution bio
ode [6] and o
mainly attribu
e biomass to

ing substra

 degradation
ration respec
n unchanged

strate degrad
ement that a
the initial so
me, the sub

mposition rate

 

ncentration 

2-4046 

olution 
intain, 
imum, 
 initial 

egin to 
gure 1 
faster, 
me to 
r 5.00 
hing a 
ach a 
or is a 
ediator 
to the 
e form  
easing 
gure 4 
st time 
ducing 
ediator 
ast, it 
5 get 

omass 
others 

uted to 
o MFC 

te 

n, this 
ctively 
d, the 

dation 
anode 
olution 
bstrate 
e was 



TELK
 

the b
bioma
subst
exhau
growt
and 
growt
subst
rapid
 
3.4.   

simul
media
bioma
in sim

 

chang
bioma
bega

KOMNIKA  

As shown
beginning is 
ass concent
trate degrad
usted. When
th, a large n
soon the su
th law, that i
trate degrada
ly increase, w

Simulation 
In order t

late mediato
ator concent
ass 5 mg/L. 

mulation proc
 
 

      Figur

Figure

The figur
ge, the first 
ass has rare
n to rapidly d

Sim

n in figure w
quickly deg
tration is ve
ation is slow
n the initial 
umber of bio
ubstrate con
s, the initial 
ation slow, w
when creatu

 about diffe
to study diffe

or variations,
tration for 1 m
Simulation re

cess to see ta

re 6. Initial So

e 7. Initial So

re 6 and figu
shorter med

ely, mediator
decreases, a

IS

mulation Biom

when the initi
radated, in a

ery small, b
w, substrate 
biomass is 

omass growi
nsumed. The

stage in bio
when creatur
res into the s

rent initial b
erent initial b
, for in 25°C
mmol/L, initia
esults are as
able 1. 

olution Biom

olution Bioma

ure 7, it is kn
diator to ma
r changes in
and also redu

SSN: 2302-40

mass Effectin

ial biomass 
about four d
iomass cons
experience 
very big, th
ng to breed 
e substrate 
logical delay
res into the l
stable, the su

biomass con
biomass con
C, initial sub
al biomass ra
s shown in fig

ass 0.01mg/
 
 

 
ass 5 mg/L, M

 
 

nown that the
aximum. As 
 the first two
uced mediato

046

ng On Microb

concentratio
days is cons
sumption su
slow degrad
e figure 2 s
accelerated 
degradation 

y demurrage 
ogarithm , th
ubstrate is ba

ncentration 
ncentration e
bstrate conce
arely (MFC in
gure 6 and fi

/L, Mediator 

Mediator Cha

e more initia
shown in fig
o days slowl
or began to 

bial Fuel Cel

on is very big
sumed. This 
ubstrate abil
dation, rapid
shows soluti
the consum
law is acc
incurred sta

he substrate 
asic consum

influencing
effecting med
entration for
nitial start-up
igure 7. Othe

 

Changing Ov

anging Over 

l biomass, th
gure 6 show
y, as time, o
increase qui

 

ll... (Xinggua

g, the substr
is because 
ity is limited

d degradatio
on biomass 
ption of subs

cord with bio
age, biomass

consumptio
med. 

g mediator 
diator, this s
r 100 mg/L, 
p phase) and
er initial cond

 
ver Times 

 

Times 

he faster me
ws when the 
oxidized  me
ckly, and ma

an Ma) 

565

rate in 
when 

d, the 
n and 
rapid 

strate, 
omass 
s less, 
n also 

ection 
initial 

d initial 
ditions 

ediator 
initial 

ediator 
aintain 



                    ISSN: 2302-4046 

TELKOMNIKA  Vol. 11, No. 2, February 2013 :  559 – 566 

566

a few days on the maximum, oxidized mediator and reduced mediator began to rise and fall, 
respectively. As shown in figure 7 shows, when the initial biomass for 5 mg/L, at first  mediator 
will be change rapidly, oxidized mediator fell rapidly, reduced mediator rising rapidly, and 
achieve maximal can change after a few days the scope of maintaining, oxidation state and also 
after Yuan Tai began to rise and fall, respectively. Because the more initial biomass the quicker 
substrate consume, the sooner this will produce electronic, the faster oxidized mediator become 
reduced mediator, when reduced mediator getting to 1 mmol/L, as the microbial continue to 
consume substrate producing electronic, reduced mediator remain maintain in a period of time 
until generating electron not make reduced mediator in maximum, oxidized mediator began to 
increase, reduced mediator began to decrease.  

 
 

4.   Conclusion 
The solution initial biomass has almost no, MFC microorganism grow mainly on the 

electrode surface, in solution microbial growth is small; The solution with a larger initial biomass, 
microbial growth breeding mainly in solution , the electrode surface biomass grow slowly. The 
bigger the solution initial biomass,the fast the current to reach the maximum, the longer current 
maintain maximum time , the more the charge ; the mediator amount is certain, the maximum 
current almost unchanged. The solution initial biomass has almost no, current comes from 
electron generated from the electrode surface biomass consuming substrate ; The initial 
solution has a larger biomass, current comes from electron generated from solution biomass 
consuming substrate. The more the initial solution suspension biomass, the fast mediator 
change.   
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