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Abstract

A microbial fuel cell (MFC) is a novel biotechnological system ablsimultaneously
produce renewable energgdhperform wastewater treatment. The aim of thiskwaas

to study the effect of configurational parameters,hsas membrane area, anode
electrode sizeral cell desig and operamg conditions, sut as flow rate ad shear
stresson the MFC performance towards its optimization. A synthetic wastewater based
on a dairy industry effluentrad pure culture of.actobacillus pentosusas used. For
eat conditon tested, the MFC performance was evalli@teterms of power density,
chemical oxyge demand (COD) removal ratena the characteristics of the pentosus
biofilm attachel to the anode electrode (biomass amount, cell viabihiy ttal and
extracellular proteins @hpolysaccharides). The maximum power densit99 & 1.52
mW m?, was achievedith the lower flow rate teste(005 L h™). For all the conditions
tested the COD removal rates were between 56% and 61%. The different
configurationaland operatingconditionstestedinfluencedthe energy productionand
the biofilm characteristicsHowever, the wastewatertreatmentefficiency was not
considerablyaffected.L. pentosusprovedto be capableof treatinga dairy wastewater
and produceelectricity without the presenceof a mediator.Furtherinvestigationneeds

to be done to improve the MFC overall performance.
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1. Introduction

Microbial fuel cells (MFCs) emerge as a challenging technolodiz wotential to
accomplish simultaneously wastewater treatment and elgctpioduction and some
efforts have been made to turn the MFCs into a scalable techriotagal applications
[1-4]. In the last years, the research on the MFCs technotggpved its effectiveness
on wastewater treatment [5,6]. However, their power outpuiili$osver than the ideal
one due to the activation losses which are related to the baotetabolism, Ohmic
losses due to ionic conductivity limitations and concentration palsoiz, due to mass
transport limitations [1]. Consequently, in order to achieve the pdessity goals it is
necessary to deeply investigate the effect of the operatinditons and the design
parameters on the MFC performance [1,7-14].

The hydrodynamic conditions (flow rate and shear stress) are foitne &ey issues
affecting both the biofilm formation and the performance of a MFCAlEp, the ability
of a MFC to work under different hydrodynamic conditions is an imporgatbf when
a MFC is used in a wastewater treatment plant. Studiesdieg the effect of the shear
stress on the MFC performance and on biofilm formation show thaiceease on the
shear stress leads to an increase on power output, on the liloéikness and on the
biomass concentration [7,8]. The increase on the biofilm thicknagsb@ due to an
increase of the biofilm cohesion as a response to the high detadiomes induced by
the higher shear stress and to an increase of the biomass prodastitimg from
higher mass transfer rates. However, if the shear siges® high, cell detachment
prevails and a reduction on power production is observed [8]. Sifmidings were
described for the effect of the flow rate on the MFC perfowea The power output
increases with the flow rate until a maximum value after whitincrease on flow rate
leads to a decrease in power output [9-13]. Also, higher flovs fated to lower
residence times with a consequent decrease on the MFC Coulofirtieney and
COD removal rate [9-12].

Another way to improve the MFC performance is to change therdpamgmeters such
as the anode electrode size, the membrane thickness aeddter fayout [14—19]. The
reactor design is an important parameter that affects the poadrction in a MFC and

among the different reactor designs proposed by the researcharmsheommonly
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used are the single chamber (SCMFC) and double chamber (DCM#§8), @ylinder
or rectangular) microbial fuel cells [15-19]. Both designs havareode and a cathode
(air or liquid) separated by a membrane and one electrode on daclnked by an
external circuit. Most of the experimental work performed withQdfhas been made
with DCMFC. However, in the last years, there has been @rasil® attention to
SCMFC, since this design has an open air cathode system avtidingse of a
catholyte, shortening the distance between electrodes, whichedager the MFC
internal resistance and allows working the MFC without an aifiaeration on the
cathode [17-19].

Having in mind the different challenges regarding the MFCs techndlogyim of this
work is to study the effect of different design parametersmionane area, anode
electrode size and cell design) and operating conditions (flovarateshear stress) on
the performance of an in-house developed MFC. A synthetic watste simulating an
effluent of a dairy industry withLactobacillus pentosusvas used. The MFC
performance was critically discussed according to the powertgetied COD removal
efficiency and the characteristics of the pentosusbiofiim formed on the anode

electrode.

2. Materials and methods

2.1. SCMFC and DCMFC construction

The DCMFC was constructed with two equal Plexiglas chambers having 1 L of volume
each. The two chambers were separated by a proton exchange membrane (PEM)
(Nafion 212, QuinTech, Germany) and a rubber gasket was added to prevent leakage.
The anode of the SCMFC was similar to the one used on the DCMFC but in this case
the cathode was opened to the air. A Nafion 212 membrane was, also, used to separate
the anode and the cathode (Figure 1b). In both designs, the electrodes were connected
with a copper wire. A graphite brush with filaments of carbon fibre (Mill-Rose
Company, USA) and different sizes (one BP 3/4” and the other BP 1”) was used as
anode electrode and a plain carbon paper with 1quelCellsEtc, USA) coated with

1 mg cn¥ of platinum black was used as cathode electrode.

The anodic compartment was filled with 70% of synthetic dairy wastewater and 30% of

a pure culture ofL. pentosus The anode compartment was sealed with expanded

polystyrene to ensure anaerobic conditions. The cathode compartment of the DCMFC
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was filled with distilled water and equipped with an air-spatg&perate under aerobic

conditions.

2.2. Microorganism and culture conditions
L. pentosusCECT 4023 was used to inoculate the anodic compartment of the IMFC
pentosusvas incubated for 3 days in MRS (deMan, Rogosa and Sharpe)(Breitk,
VWR) at 23 + 3 °C and with agitation (120 rpm). Afterwards theculum was
centrifuged at 3777 g for 15 min and resuspended in 300 mL of syntlatiewater to
a final bacterial concentration of é.6olony forming units (CFU mt). The bacterial
suspension was placed in the anodic compartment and the remaining \(@Q&b) was
filled with synthetic wastewater.

The synthetic wastewater was prepared in order to sinthlat@verage characterization
of a dairy industry wastewater and was used as growth mediuthe anodic
compartment. The synthetic wastewater consisted of glucoseq85'nyeast extract
(5 mg L), milk powder (1300 mg ), starch (5 mg ), NH,Cl (50 mg %), K.HPO,
(22 mg L), KH:PO, (11 mg 1Y), MgSQ,. 7H,0 (78 mg ) and CaC@(35 mg LY.

2.3. MFC operation

The MFC was operated at a constant temperature (20 £ 1 °C) amiioastmode. The
anode chamber was connected to a bottle, with 4 L of capasitineaanode groove.
The flow rate was controlled by a peristaltic pump and two diffeflow rates were
tested (0.05 L hand 0.11 L H) in order to study the effect of the flow rate on the MFC
performance. To evaluate the effect of the hydrodynamic sireB8C performance, a
stirring device (CAT, R50) was used on the anode chamber anditi@rent rotation
conditions were tested (Reynolds number of agitation,- -R& and 8397). Assuming
that the biological reactor had the behavior of an agitatedelethe Rg as a
consequence of each rotation speed tested can be calculaiedirerto the following
equation [13,20]:

ReA:DZXNX5 1)

where: D is the cylinder diameter (m); N is the rotatioredpg@ps)p is the fluid density

(Kg/m3), pis the fluid viscosity (Kg/m.s).
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As already mentioned, in order to study the effect of the aeled¢rode area on the cell
performance two different electrode sizes were used (BP1” &3#B and to study
the effect of the membrane area, tests were performgdaMNafion 212 membrane
with 25 cnf and with 42.3 cfhof active area.

The tests were conducted during one month, the polarization candeshe COD
content measurements were performed once a week and thetehzation of the
biofilm attached to the anode electrode, was performed at thefahd experiment.
Due to the large amount of tests performed and the resultmeidbtaa sub-set of
conditions, which reproduce with accuracy the remaining resultdadiod/ the same
trends, were selected and are presented in the followingrseatso, since the biofilm
characterization was performed at the end of the experinlf&mte(ek of operation), the
polarization and power density curves are presented for this WaekCOD removal
rate and the maximum power density achieved in each testsented as the average

value of the different measurements performed during the bffetation (each week).
2.4. Analytical Methods

2.4.1. Biomass Quantification
Colony forming units (CFU) were streaked on MRS agar and FRTate( Count Agar)
plates to determine the viable cellslofpentosugpresented in each experiment, in order

to ensure a constant value in each experiment and the alod@ocdamination.

2.4.2. Extracellular polymeric substances (EP Sjaetion

The biofilm attached to the brush was resuspended in 20 mL of f2ffe NaPO,, 2
mM NaH,PQ,, 9 mM NaCl and 1 mM KCL, at a pH of 7) and 2 g of a catxchange
resin DoweX Marathoff C sodium form (N& form, strongly acidic, 20-50 mesh,
Sigma-Aldrich, Portugal) was added to performed the EPS extratt#®0 min* and 4
°C for 4 h. Further, the extracellular components (matrix) weparated from the cells
(pellet) by centrifugation at 3777 g for 15 min. This procedure admpted since it
follows the methodologies proposed by Frglund et al. [21] and Simhééq22].

2.4.3. Proteins and polysaccharides quantification
The protein content was quantified using the Lowry Peterson’s modifetidod (Total
Protein Kit, Sigma Aldrich, No. TP0300) [23]. Total polysaadde concentration was
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determined by the phenol-sulphuric acid method of Dubois [24]. TheViahaés were

presented as mass of proteins or polysaccharide per biofilmeigt.

2.4.4. Biofilm quantification

The quantification of the biofilm was made through the total velablids (TVS) of the
homogenised biofilm suspension, according to the standard method ri2brdbefA to

D) from Standard Methods [25]. The biofilm mass accumulaie@ h at 550 + 5 °C in

a furnace was expressed in terms of mass per volume.

In order to evaluate the biofilm formed in each test, a pammeter was introduced
and estimated in this study, which quantifies the viability of the cells presented in the
biofilm. This parameter expressed in CFU g defined as the ratio of the CFUs
(Ccru) inoculated in the anode compartment, and the total dry weigtiteobiofilm

attached to the anode electroig).(

C
o — _CFU @)
By

whereCcry is expressed as CFU mlandB; as mg mL*.

2.4.5. COD quantification

The chemical oxygen demand (COD) content was measured by thssipat
dichromate reflux method from Standard Methods (method number 5220 D)If&5].
COD removal rate was estimated according to:

ACOD
CODremovai (%) = - X 100 (3)

CODwastewater

where ACOD is resultant from the difference between the COD conterdynthetic
wastewater and in the anodic compartment (mg®) and CODwastewateiis the COD

content in the synthetic wastewater (mdd).

2.5. Electrochemical experiments and calculations

2.5.1. Polarization and power density curves
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The polarization curves were performed in an electrochemicdt station (Zahner -
Electric GmbH & CO) and the test were performed in galvaticstnode (set the
current and measure the cell voltage).

The power density was calculated by the following equation:

4)

whereP is the power density expressed in W) is the cell voltage (V)| is the

current (A) andA is the membrane active area’m

2.5.2. Internal Resistance
The internal resistance (expressedin Ri;, was estimated, for all experiments, in the
region of the Ohmic losses by measuring the slope of the liseetion of the

polarization curves (I vs U).

3. Results and Discussion

3.1. Effect of flow rate

To study the effect of the flow rate on the DCMFC performancedifferent flow rates
were tested, 0.05 L"hand 0.11 L H. The corresponding polarization and power
density curves are presented in Figure 2 and the maximum powetydéms COD
removal rate and the internal resistance values are showabla I. The values for the
different parameters used to characterize the biofilm fdramethe anode electrode are,
also, presented in Table 1.

As can be seen in Figure 2, as the current density increhseslifferences in
performance for the two conditions tested increase. Also, arhpgiveer density and
COD removal rate is achieved with a lower flow rate Xmaim power density of 8.09
+ 1.52 mW nt and COD removal rate 57.36 + 11.49%). In fact, higher flow fates
to lower hydraulic retention times and consequently the timeilala for
microorganisms to metabolize the organic matter is lower [B3L0The results indicate
that a better performance is achieved after has been gme to microbial community
develop, since in these conditions the nutrient capture and thet etthydrolysis of

substrate is more favourablEhis decrease in performance for the higher flow rate is,
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also, due to a higher internal resistance, since as caedrethe resistance increases
from 8,794 to 13,20@ for the higher flow rate (Table 1). Similar results gfi Bnd
power density were reported by leropoulos et al. [12], using thedmadacterium
Geobacter sulfurreducens

In this study, the higher flow rate promoted the formation of loisfiwith higher total
polysaccharides and protein content (Table 1). These polysasshavere mainly from
the extracellular biofilm matrix since 1.17 pg frand 2.46 ug myrepresent 62% and
56% of the total polysaccharides content, respectively, footherland the higher flow
rate. Similar results were found concerning the proteins comdpibfilm, where the
matrix values (5.88 pg rgand 5.93 ug mY represent 71% and 64% of the total
proteins (Table 1) for the lower and higher flow rate. Pemiral. [26], also, reported
that higher flow rates promoted the formation of biofilms witghkr amounts of
extracellular polymeric substances. The existence of morelepmyatrix increases the
biofilm mechanical stability and the resilience to environmlestresses [27,28]. This
lead to a denser biofilm attached to the anode surfacee(TgblHowever, for this
condition, the biofilm had a lower cell viability, 5.45 x>1@hich may explain the lost
on performance for a higher flow rate. These results sug@est most of the
constituents of the biofilms formed under the higher flow datenot account for the
MFC efficiency, causing apparent internal resistance tpalssage of electrons through
the anode electrode and protons towards the anode electrolyte. Intréasport
limitations inside the biofilm restrict the current genenatn a MFC [29].

These experiments showed that a flow rate of 0.0% prbvided a higher performance,
a higher wastewater treatment efficiency and alloweddimation of a biofilm with a
higher cell viability. Therefore, the next experiments wezefggmed with this flow
rate.

3.2. Effect of shear stress

To evaluate the effect of the hydrodynamic stress on the MFKOrpance two
different rotation speeds were tested on the anode chaifibervalues of the cell
voltage and power density as a function of the current density, fawthé&keynolds
number of agitation tested (0 and 8397), and calculated according tooeqdat are
presented in Fig. 3. The values of maximum power density, @Di»val, internal
resistance and the different parameters used to charactiee biofilm are presented in

Table 2. Figure 3 show similar results in polarization and po@ssity curves at lower

8
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current densities but for current densities above 8 mA substantial differences
between the two conditions tested occur. The maximum power denstachéeved
without agitation, 8.09 + 1.52 mW ffTable 2). This is due to the fact that higher shear
stress leads to an increase of the detachment rate afelise In these conditions,
bacteria on the electrode transfer electrons by other mechamssgad of using only
redox mediators, leading to a decrease of the energy production aredjuwemsy a
decrease of MFC performance [8,13]. Also, the results shatvatlhigher shear stress
leads to a denser biofilm and a higher internal resistance. Gaardgey higher Ohmic
losses are presented decreasing the cell power density. Hows\@an be seen by the
COD removal rates presented in Table 2, a higher shemsstonducted to a higher
COD removal rate, 61.45 + 11.24%. This is due to the facthydtodynamic stress
leads to a better distribution of the microbial consortia awostsate all over the
chamber with a consequently higher metabolic activity and malrpbrformance.

The shear stress lead to a higher total polysaccharidesntoft87 pg mg and a
lower total protein content, 4.92 pg th¢rable 2). Therefore, the results show that the
shear stress changed the biofilm characteristics, incredsioigm weight and
decreasing the cells viabilityx (value), the extracellular content in polysaccharides and
the total proteins content, which can compromise the cohesion bfdfilen [27]. The
results presented by Simdes et al. [22] describing the effstiear stress under laminar
and turbulent flows in the phenotypic characteristics onPgeudomonas fluorescen
biofilm, also, showed that higher shear stress contributetttease the biofilm weight

and decrease the content on matrix polysaccharides [22].

3.3. Effect of membrane area

Two different membrane active areas, 25°@nd 42.3 cf) were used to study this
effect on the cell performance. The corresponding polarizatmh power density
curves can be seen in Figure 4 and the comparative valmegsxohum power density,
COD removal rate, internal resistance and the biofilmastaristics are presented in
Table 3. Figure 4, show similar open circuit voltage (~0.73n\joth cases, however,
with the increase of current density a significant drop of veltagthe MFC with the
higher membrane area is observed. As a result, the lowebraeenarea leads to a
higher cell performance. It would be expected that an increagbe membrane area
will lead to an increase of proton diffusion from the anode, sintiglaer area is

available to protons flow towards the cathode [14]. However, anptiesent work, an

9
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increase on the membrane area leads to a decrease on powernodtpatincrease on
the internal resistance. As can be seen in Table 3, the WitRGhe higher membrane
area presents an increase in the internal resistance 8fit44Q to 16,190Q, with a
consequent increase on the ohmic losses and a decrease dhpedarenance. This is
due to the higher biofilm weight observed in this case (Tablsii®)e a denser biofilm
leads to a higher resistance. The internal resistanceifguiuet facility or difficulty to
transfer the electrons and protons from the anode to the cathedé&lsslefore a higher
internal resistance means a lower flow of electrons and protoverds the cathode
side. Consequently the availability of these two species ticipate on the oxygen
reduction reaction decrease, decreasing the cathode reatéamdaconsequently the
overall cell performance. Although the power density is highehenMFC with the
lower area, the COD removal rate is slightly higher fer MC with the higher active
area, 59.42 = 6.52% (Table 3), suggesting that the abilitiyeofrticroorganism to treat
the wastewater was not affected by the changes on the menabbeaneésimilar results
were found by Oh et al. [14] when they studied the effect of anodd,dPle cathode
surface areas on the DCMFC. They found that the performamreaded when the
PEM area was lower than the anode and cathode areas, due hie inhigrnal

resistances achieved.

3.4. Effect of anode electrode size

The effect of the anode electrode size on the DCMFC perfaenaas studied using
two different electrode sizes: BP1” and BP3/4”. Figure Semés the polarization and
power density curves and Table 4 displays the maximum power d€D@iBy,removal
and the internal resistance values and the parametersousteatacterize the biofilm for
each situation. As can be seen in Figure 5, the MFC witlhititeer electrode (BP1”)
demonstrated a better performance achieving higher power outputs amdawit
maximum power density of 2.58 + 0.34 mV\'/Zr(]TabIe 4). The results confirmed that
the small ratio between the anode surface area and the anagartment reduces the
electron transfer and its collection by the anode electrodeat#ng the power density
[9]. It should be mentioned that the electrode area is one omh@tant parameters
that affect the MFC performance, since it is directhated to the electrons transfer and
collection and to the bioelectrochemical reactions that occtiteoanode compartment.

If the electrode has a lower area, it has a lower bioelgutnical reaction rate and

10
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consequently lower electrons production and transfer rate antldeteyia attached to
its surface. This will lead to biofilms with lower weightafdle 4) and lower fuel cell
performances. In this study, a decrease of the internalamesgéstvas observed with the
decrease of the anode electrode area, 141 @tstead of 16,19@, mainly due to a
reduction of the biofilm weight. These results are in acecueldo those proposed by
other authors [15]. However, since the maximum power densityaslaeved with the
highest anode electrode size it can be concluded that, in Heistba internal resistance
is not the major loss affecting the cell performance.

As can be seen in Table 4, the lower electrode was assbaigh higher COD removal
rate 60.63 + 7.39%, meaning that the majority of the organitemparesented in the
effluent was used by bacteria but do not contribute to electgemgration. This is due
to the inability of the electrode to collect all the electrpraduced due to a decrease of
the electrode surface area. Furthermore, for the MFC withotlver electrode, the
extracellular polysaccharides content was lower (0.60 pg)rbging 46% of total
amount. However, the extracellular content of biofilm proteins feand to be 71% of
the total.

3.5. Effect of MFC design

The performances of a DCMFC and a SCMFC were compared amdsthlés for the
polarization and power density curves are shown in Figure 6. Thesvabtained for
the maximum power density, COD removal rate, internal sasist and the biofilm
characteristics are presented in Tablé&&.can be seen in Figure 6, the open circuit
voltage for the SCMFC is higher (0.98 V) than the one obtained WEICKIFC,
however, an increase on current density drastically decr¢hsezkll voltage and the
power density. This behavior indicates the presence of substattiadal resistances
for the SC (single chamber) design. In fact, as can beiséeable 5, the higher internal
resistance of this design caused higher Ohmic losses and conseqlosvely
performances. Usually shortening the electrode distance by usingre&x coampact
design, like the SC design, conducts to lower internal eesiss and higher
performances [17-19]. However, this simpler design has the catheleed to the
ambient air, so the oxygen reaches the electrode by natucdlamiems, such as
diffusion and natural convection, leading to a lower oxygen transfer ha such
conditions a lower oxygen concentration is presented on the cathodeodsectr

decreasing the oxygen reduction rate. The results for the @®@bDval rate were 57.36

11
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+ 11.49% for the DCMFC and 58.40 + 3.48% for the SCMFC, inidigathat the
SCMFC as a slightly better performance regarding the waktewaeatment.
Comparing the biofilm characteristics (Table 5), for the twaOMiesigns, it was found
that the biofilm formed in the SCMFC showed higher weight, l§0mL?, but lower
cell viability. The biofilm developed in the SCMFC showed higher total polysaicicha
content (3.29 ug mb, however, the extracellular amount, 1.26 pg'mgas only 38%
of the total value. The lower content on matrix components can possiticate a
decrease of the biofilm cohesion and mass transfer rate withsgquently decrease on
the power production [27]. The total protein content in the biofilmthefSCMFC was
lower than the one of the DCMFC, however, both were mainly itotest by matrix
content (60% of total protein in the SCMFC and 71% of the fotalein in the
DCMFC)(Table 6). The differences in both biofilms characterisdies not substantial,
being for that reason the internal resistance and the cathsige tlee major factors for

the differences in both performances [18].

4. Conclusions

In this work different operating and design conditions were studiedler tw optimize
the overall performance (energy production and wastewater treatapability) of a
MFC feed with a dairy wastewater effluent and udingentosusRegarding the effect
of the flow rate it was found that a lower flow rate providechbigenergy production
and wastewater treatment. Promoting shear stress on thea@mpartment showed to
increase biofilm weight and improve the COD removal rate, abdecrease on the
power output was observed. Therefore further work should be performeden tor
find the same trend between the energy production and the \atstaveatment. The
increase of membrane area brought undesirable effects on powry,deamly due to
a significant increase on the cell internal resistancealmgher COD removal rate was
observed. Further studies considering the anode and cathode crossbkaoti@rcould
be useful to analyze the combined effect of the anodic and cathoiations with the
membrane area. The anode electrode size also revealed toifppatant parameter
affecting the MFC performance, since a reduction of ite &ad to a lower power
density and similar COD removal rates. The DCMFC desigriged higher energy
production, however, both designs showed effectiveness on wastéeaterent. It can
be concluded that the different configuration and operating conditiestedt had

considerable effects on energy production, being the membraaeaadethe MFC

12
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design the most critical parameters which affect the MF@opeance due to a
considerably increase of the cell internal resistance, &hetige efficiency for the
wastewater treatment was not significantly affected. fdsilts also shown that

pentosuds capable of developing biofilms at the anode electrode amgdtantial to
simultaneously treat a dairy wastewater and produce enerdgyouvithe use of

mediators.
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Figure 1 — In-house a) DCMFC and b) SCMFC.
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Figure 2 — Polarization and Power Density curves for the two flow rates tested.
Operating conditions: Rea = 0. Design conditions: DCMFC, 25 cm? of active area,
Nafion 212 and anode electrode BP1”.
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Figure 3 — Polarization and Power Density curves for the two shear stress applied.
Operating conditions: feed rate of 0.05 L h™. Design conditions: DCMFC, 25 cm? of

active area, Nafion 212 and anode electrode BP1”.
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Figure 4 — Polarization and Power Density curves the two active areas tested. Operating
conditions: Rex = 0, feed rate of 0.05 L h™. Design conditions: DCMFC, Nafion 212
and anode electrode BP1”.
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Figure 5 — Polarization and Power Density curves for the two anode electrode sizes.
Operating conditions: Rea = 0, feed rate of 0.05 L h™. Design conditions: DCMFC, 25

cm2 of active area and Nafion 212.
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Figure 6 — Polarization and Power Density curves for the two different MFC designs.
Operating conditions: Rea = 0, feed rate of 0.05 L h™. Design conditions: 25 cm? of

active area, Nafion 212 and anode electrode BP1”.
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Table 1

Table 1 — Maximum power density, COD removal rate and biofilm quantification for
the two flow rates tested. Operating conditions: Rea = 0. Design conditions: DCMFC,
25 cm? of active area, Nafion 212 and anode electrode BP1”.
Feed rate (L h™)
0.05 0.11

©CO~NOOOTA~AWNPE

Maximum power density (mW m™) 8.09 +1.52 6.61 + 1.84
Internal resistance (QQ) 8,794 13,200
13 COD removal rate (%) 57.36 + 11.49 55.91 + 8.33

Total polysaccharides (ug mg™) 1.87 4.38

Matrix polysaccharides (ug mg™) 1.17 2.46
19 Total proteins (ug mg™) 8.31 9.27

21 Matrix proteins (ug mg™) 5.88 5.93
23 Biofilm dry weight (mg mL™) 0.97 2.02
25 CFUmL™ 5.00x10° 1.10x10°
27 a (CFU mg™) 5.15x10° 5.45x10°
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Table 2
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Table 2 — Maximum power density, COD removal rate and biofilm quantification for
the two shear stress applied. Operating conditions: feed rate of 0.05 L h™. Design
conditions: DCMFC, 25 cm? of active area, Nafion 212 and anode electrode BP1”.

Shear stress - Rep

0 8397
Maximum power density (mW m™) 8.09 +152 5.50 + 1.72
Internal resistance (Q2) 8,794 12,443
COD removal rate (%) 57.36 £ 11.49 61.45+11.24
Total polysaccharides (ug mg™) 1.87 2.87
Matrix polysaccharides (ug mg™) 1.17 1.12
Total proteins (ug mg™) 8.31 4.92
Matrix proteins (ug mg™) 5.88 1.85
Biofilm dry weight (mg mL™) 0.97 7.29
CFUmL™ 5.00x10° 3.33x10°
a (CFU mg™) 5.15x10° 4.57x10°




Table3
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Table 3 — Maximum power density, COD removal rate and biofilm quantification for
the two active areas tested. Operating conditions: Rex = 0, feed rate of 0.05 L h™.
Design conditions: DCMFC, Nafion 212 and anode electrode BP1”.

Membrane area (cm?)

25 42.3
Maximum power density (mW m™) 8.09 + 1.52 2.58 +0.34
Internal resistance (Q2) 8,794 16,190
COD removal rate (%) 57.36 £ 11.49 59.42 + 6.52
Total polysaccharides (ug mg™) 1.87 3.84
Matrix polysaccharides (ug mg™) 1.17 1.93
Total proteins (ug mg™) 8.31 12.91
Matrix proteins (ug mg™) 5.88 8.49
Biofilm dry weight (mg mL™) 0.97 1.62
CFUmL™ 5.00x10° 2.43x10°
a (CFU mg™) 5.15x10° 1.50x10°
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Table 4
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Table 4 — Maximum power density, COD removal rate and biofilm quantification for
the two anode electrode sizes. Operating conditions: Rea = 0, feed rate of 0.05 L h™,
Design conditions: DCMFC, 25 cm? of active area and Nafion 212.

Electrode size

BP1” BP3/4”
Maximum power density (mW m™) 2.58 + 0.34 1.05 + 0.59
Internal resistance (QQ) 16,190 14,400
COD removal rate (%) 59.42 + 6.52 60.63 = 7.39
Total polysaccharides (ug mg™) 3.85 1.31
Matrix polysaccharides (ug mg™) 1.94 0.60
Total proteins (ug mg™) 12.93 5.60
Matrix proteins (ug mg™) 8.51 3.95
Biofilm dry weight (mg mL™) 1.62 0.71
CFUmL™ 2.43x10° 3.73x10°
a (CFU mg™) 1.50x10° 5.26x10°

Vilas Boas et al. (2015)
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Table 5 — Maximum power density, COD removal rate and biofilm quantification for
the two different MFC designs. Operating conditions: Rea = 0, feed rate of 0.05 L h™.
Design conditions: 25 cm? of active area, Nafion 212 and anode electrode BP1”.

MFC design
DCMFC SCMFC
Maximum power density (mW m™) 8.09 +1.52 3.54 £1.07
Internal resistance (Q2) 8,794 17,590
COD removal rate (%) 57.36 £ 11.49 58.40 + 3.48
Total polysaccharides (ug mg™) 1.87 3.29
Matrix polysaccharides (ug mg™) 1.17 1.26
Total proteins (ug mg™) 8.31 7.54
Matrix proteins (ug mg™) 5.88 453
Biofilm dry weight (mg mL™) 0.97 1.60
CFUmL™ 5.00x10° 3.97x10°
a (CFU mg™) 5.15x10° 2.48x10°
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