This is the author's version of a work that was accepted for publication in International journal of hydrogen energy (Ed. Elsevier).
Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality
control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted
for publication. A definitive version was subsequently published in Montpart, N. et al. “Methanol opportunities for electricity and
hydrogen production in bioelectrochemical systems” in International journal of hydrogen energy, vol. 39, issue 2 (Jan. 2014), p.
770-777. DOI 10.1016/j.ijhydene.2013.10.151

1 Methanol opportunitiesfor electricity and hydrogen production

2 in bioelectrochemical systems

4  Nuria Montpart, Edgar Ribot-Llobet, Vijay Kumar Gagpati, Laura Rago, Juan A. Baeza*

5 and Albert Guisasola

6 *Corresponding author:
7 Juan Antonio Baeza
8 Departament d’Enginyeria Quimica. Escola d’Engirgier
9 Universitat Autonoma de Barcelona, 08193, BeltatéBarcelona).Spain.
10 Tel: 34 9 3581 1587
11 Fax: 34 9 3581 2013
12 email: juanantonio.baeza@uab.cat
13
14 Nuria Montpart
15 Departament d’Enginyeria Quimica. Escola d’Engirgzer
16 Universitat Autonoma de Barcelona, 08193, BeltatéBarcelona).Spain.
17 Tel: 34 9 3584078
18 email: nuria.montpart@uab.cat
19
20 Edgar Ribot-Llobet
21 Departament d’Enginyeria Quimica. Escola d’Engirgzer
22 Universitat Autonoma de Barcelona, 08193, BeltatéBarcelona).Spain.
23 Tel: 34 9 3584078
24 email: edgar.ribot@uab.cat
25
26 Vijay Kumar Garlapati
27 Departament d’Enginyeria Quimica. Escola d’Engirgzer
28 Universitat Autonoma de Barcelona, 08193, BeltatéBarcelona).Spain.
29 Tel: 34 9 3581 4798
30 email: vijaykumar.garlapati@uab.cat
31
32 Laura Rago
33 Departament d’Enginyeria Quimica. Escola d’Engirgzer
34 Universitat Autonoma de Barcelona, 08193, BeltatéBarcelona).Spain.
35 Tel: 34 9 3581 2694
36 email: laura.rago@uab.cat
37
38 Albert Guisasola
39 Departament d’Enginyeria Quimica. Escola d’Engirgzer
40 Universitat Autonoma de Barcelona, 08193, BeltatéBarcelona).Spain.
41 Tel: 34 9 3581 1879
42 email: albert.guisasola@uab.cat



0001292
Cuadro de texto
This is the author's version of a work that was accepted for publication in International journal of hydrogen energy (Ed. Elsevier). Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in Montpart, N. et al. “Methanol opportunities for electricity and hydrogen production in bioelectrochemical systems” in International journal of hydrogen energy, vol. 39, issue 2 (Jan. 2014), p. 770-777. DOI 10.1016/j.ijhydene.2013.10.151



43

44
45
46
47
48
49

50
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Syntrophic consortia development for methanol-drils@electrochemical systems
Methanol is reported as a potential substrate dorgs generation

Homoacetogenic bacteria avoid netgdoduction from methanol in single chamber
MEC

Hydrogen is produced from methanol fed in doublarcher MECs for the first time
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ABSTRACT

An anodic syntrophic consortium (exoelectrogenicsgermentative bacteria) able to use
methanol as sole carbon source was developedddirgh time in a bioelectrochemical
system. In this frame, promising results were otgdiin single chamber MFC, comparable to
those obtained with readily biodegradable substr&egarding MEC operation, the presence
of homoacetogenic bacteria led to electron recgclavoiding net hydrogen production in
single chamber MEC. In a double chamber MEC, saigfresults (in terms of coulombic
efficiency and cathodic gas recovery) were obtagszh though energy recovery still
restrained the feasibility of the process. The apgh used in this work with methanol opens
a new range of possibilities for other complex su#tes as electron donors for

bioelectrosynthesis.

KEYWORDS
Hydrogen, methanol, microbial fuel cell (MFC), nmbrial electrolysis cell (MEC),

syntrophic consortia
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1. INTRODUCTION
The forecast of fossil fuels shortage and the meganpact of its usage on environment
drive the need to search for alternate sustairfablesources [1]. In this frame,
bioelectrochemical applications may facilitate veasdter treatment for reuse and
valorization, for example for power or hydrogen g&tion. These are considered as
promising systems and have the potential to oceupominent place in future renewable
energy generation, bioremediation, and wastewegatrhent [2]. The opportunities of
bioelectrochemical systems (BES) would lay on thapability of converting chemical
energy of non-fermentable and fermentable substrate electricity or other high added-
value products under relatively mild conditions aisthg a wide variety of substrates with
inexpensive metals as catalysts. The most comm@hrigkvadays are microbial fuel cells
(MFC) aiming at electricity generation and micrdl@kectrolysis cells (MEC) to form
products such as hydrogen. The key of BES is therenent of the anode in exoelectrogenic
bacteria (also known as anode respiring bacteiiB)Avhich have the ability to transfer
their electrons extracellularly to a solid anodg Tdhe anodic oxidation reactions are
equivalent in both MFC and MEC, while the reductieaction occurring on the cathode
varies depending on the system. In a MFC, elettrisigenerated as a result of an overall
thermodynamically favorable reaction where oxygereduced to water, whereas in MEC,
additional energy is required to drive the overatluction reaction [4].
In determining the type of carbon source for BE&t @nd availability impacts the total
economy of the technology. Conversion of substratiesr than volatile fatty acids (VFA) is
essential in view of their practical implementati&RB can use a limited range of substrates
and fermentative bacteria do not have externatreledransfer abilities. Nevertheless, the
utilization of fermentable substrates (glucosepsgl sucrose), non-fermentable substrates

(acetate, propionate and butyrate) and wastewat@smestic, swine, brewery, paper
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recycling, starch and food processing wastewatertheé generation of power or hydrogen
through BES has been reported [5-10].

Among all the different carbon sources used, methlaas never been reported to be a
successful carbon source for BES. Understandingqurs failures and achieving methanol-
driven BES is interesting not only for potentialthenol utilization but also as a pathway to
follow for the utilization of other complex carbgpurces. When compared to other alcohols
such as ethanol, methanol is a more economicabapprdue to its availability from different
sources. Biomethanol can currently be obtainech faoy organic waste source that can be
first converted to synthesis gas [11]. Also, unkdtkanol, it does not interfere with human
food chain and its purification process is simpler.

Methanol interaction in BES systems is also intimgsn the frame of utilizing crude
glycerol as carbon source, a target waste produglbrize. Crude glycerol as a raw material
for processes such as BES for hydrogen productasreported to be an interesting carbon
source [12,13] but Chignell and Liu [14] observediearease in hydrogen production yield
when methanol was present in this waste streanecDittilization of methanol for operation
of BES was attempted by Kim et al. [15], studyihg feasibility of alcohols (ethanol and
methanol) for power generation using double charMfeC, succeeding with ethanol and
reporting non-appreciable electricity generatiothwnethanol. Regarding MEC, direct
methanol utilization has never been reported andffect on hydrogen production is rather
unknown. Finally, the utilization of methanol in BEs a challenging task due to its possible
inhibitory and toxic effect at high concentration.

Hence, in the present investigation, we have etadlidne performance of methanol in BES
for bioelectricity and biohydrogen production wiyntrophic consortia developed using
ARB and anaerobic sludge. To the best of our kndgéethis is the first successful attempt

of methanol utilization as a sole carbon sourd8ks.
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2. MATERIALSAND METHODS

2.1. Microbial Fud and Electrolysis Cells
MFC were 28mL methacrylate vessels provided witdteral aperture (3.8cm diameter),
where a PTFE diffusion layer stuck to the cathoelenitted oxygen diffusion into the cell
while preventing water leakage [16,17]. The anods @ titanium wire connected to a
graphite fiber brush (20mm diameter x 30mm len6tB1nf specific surface area made with
fibers of diameter 7.2 um (type PANEX33 160K, ZOIKEIt was thermally treated at
450°C for 30 minutes to enhance biomass adhesmmanulated from an already working
MFC [18]. The cathode consisted of graphite filetic(3.8cm diameter, 7chtotal exposed
area) coated with platinum (5mg Pt/grElectroChem Inc.). The two electrodes, spaced 2.5
cm apart, were connected through a XD@&ternal resistance.
MEC were homologous to MFC, but the cathode wasrposed to air and the cell had a
glass cylinder at the top, tightly sealed with &ETubber cap that enabled gas collection.
The gas produced was further collected in a gds-tigg (Ritter, Cali-5-bond) connected to
the glass cylinder. Both electrodes were connetctedpower source (HQ Power, PS-23023)
applying a potential of 0.8V. Current productionswaeasured quantifying the voltage drop
across a 12 ohms external resistance serially coehéo the circuit. The cell was easily
converted to a double chamber MEC by coupling antidal module and placing an anion
exchange membrane in between (AMI-7001S, Membrharemational INC). The
membrane was soaked overnight in a 10% sodiumidbklsplution. Under this configuration
the distance between electrodes increased to 7cm.
The cells operated with methanol as sole carborceadn fed-batch mode unless otherwise
stated. The medium contained per liter: 1.6 g meihd 72 mL PBS stock solution, 2.925 g

KHCO; and 12.5 mL mineral media. The medium was comiylegéplaced with fresh one
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when voltage response decreased below 20 mV. MEE sparged with nitrogen for 10
minutes after feeding to guarantee anaerobic dondit The PBS stock solution contained
per liter: 70g NgHPO, and 12g KHPO,. Mineral media solution contained per liter: 1g
EDTA, 0.164g CoGl6H,0, 0.228g CaGl2H,0, 0.02g HBO3, 0.04g NaMoO4- 2H,0,
0.002g NaSeQ, 0.02g NawO4-2H20, 0.04g NiGI 6H,0, 2.32g Mgy, 1.18g
MnCl,-4H,0, 0.1g ZnCJ, 0.02g CuS® 5H,0 and 0.02g AIK(S@?2. Cobalt (Il) chloride was
added to the system to enhance the growth of aeesogersus methanogens [19]. A 50mM
2-bromoethanesulfonate concentration was used @iogoto the work of Parameswaran et
al. [20], where it was stated that such concemmatrould selectively inhibit methanogenic
bacteria. 2-bromoethanesulfonate had been preyistetied to inhibit methanogenic activity
[21,22] and to be more effective than other chemndabitors or changes in system
conditions such as pH and temperature [23]. Irdtihle chamber MEC configuration the
catholyte was a 100mM PBS solution. Cells were k¢pbom temperature during all the
operational period.
Voltage evolution was monitored by means of a @laia acquisition card (Advantech PCI-
1716) connected to a personal computer with a soéweveloped in LabWindows CVI
2013 for data acquisition.

2.2. MFC start-up
During the start-up of the MFC, the cell was inatetl with the media removed from a
previously working MFC (originally inoculated witmaerobic digester sludge) that had been
running in fed batch mode for over one year. TheOMi¥as fed with acetate as carbon source
to enhance the growth of ARB and their enrichmerihe anode. Once a stationary response
in terms of current intensity was achieved (in abaw weeks time), the MFC was fed with
methanol following three different strategies taam a methanol-driven MFC: i) direct

replacement of acetate for methanol, ii) progressaplacement of acetate for methanol and
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iii) two-step consortium development with methafesmenting bacteria and ARB. The
methanol fermenting population was grown anaerdlgied 37°C in Schott bottles using
anaerobic digester sludge (Granollers urban WWHEP¢cdona) as inoculum and operated
under fed batch mode (5 days cycles). Every timestistem was fed, the mixed liquor was
centrifuged (4 minutes at 5000rpm) to enhance highmass retention, the medium was
discarded, and the sludge was resuspended inrfredlum identical to the one used for
MFC and MEC. Methanol was used as sole carbon s@md also a concentration of 50mM
2-bromoethanesulfonate was used to limit the metdpamic activity. Methanol and acetate
concentrations were measured to assess the dewedpfhthe fermenting community and
gas analyses from the headspace allowed to ersatrad methane was being produced.

2.3. Chemical and electrochemical analyses
Methanol and acetate concentration was analyzddgas chromatography (Agilent
Technologies, 7820-A) using a flame ionization dteand helium as carrier gas. Hydrogen
and methane were also measured with gas chromptogusing a thermal conductivity
detector and argon as carrier gas. Gas productasnewaluated as in Ambler and Logan [24].
pH and conductivity were measured offline.
MFC internal resistance was assessed from polamzatrves [25]. The polarization curve
was performed allowing the cell to reach the ogeruit voltage for a period of one hour and
then progressively changing the external resistafficen high to low resistance) and
measuring the resulting cell voltage after 10 mesuiThe set of external resistances used for
the polarization curves were 4%0k218IQ2, 44.21Q, 24.1, 12.1K), 6.6k, 3.3k2, 2.0k,
1.65kQ, 1.0k, 8252, 47@2, 25072, 218, 10A2, 500 and 2%.

2.4. Microbial analyses
High-throughput 16S rRNA gene pyrosequencing wapeaed in a 454 Titanium FLX

system by the Research and Testing Laboratory (@eibrX) based upon RTL protocols
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from cathode and anode DNA samples (20utg/quality ratio of 1.8). Sequence checking,
chimeras detection, sorting and trimming and quainte assessment are detailed elsewhere
[26].
2.5. Calculations

Cell current intensity and power were calculatecbading to Ohm’s law (Equations 1, 2):

I'=V/Rext (1)

P=V-I (2)
where V is the voltage drop in the resistance R4 is the external resistanc@)( | is the
current intensity (A) and P is the power output (Wiaximum power output (Pmax) was
calculated with Equation 2 considering the maxinuattage reached during a batch cycle.

Coulombic efficiency (CE) was calculated as statelquation 3:

[ iat

CE =
F-b-AS-Vg

3)

where t is time (s), F is Faraday's constant (982&5o0l-€), b is the stoichiometric number
of electrons produced per mol of substrate (6 mat@ methanol)AS is the substrate

consumption (mol/L) and ¥the liquid volume (L).

Cathodic gas recoverydtr) was calculated as the ratio of moles of hydrageasured and

moles of hydrogen produced based on current irtiemsasured, as presented in Equation 4:

nH2
7, = 4
CAT ftto 1(O)dt ( )
2F

where ny is the number of moles of hydrogen measured, tzka according to the ideal
gases law knowing the hydrogen volume measuresittieinumber of moles of electrons per

mole of hydrogen.
The overall efficiency (r,) was calculated as stated in Equation 5:

Th, = Tcar - CE 5)



215  Energy recovery, i.e. the amount of energy prodaseldydrogen with respect to the energy
216  input, was calculated based on electricity inpy) @nd based on both electricity and

217  substrate inputs)(s) according to Equations 6 and 8 respectively.

218 ny = 22 (6)

Nin
219  where R, is the number of moles based on electricity inpalkgulated as:

t
_ fto(I'Eps_IzRext)dt
AHp,

220 Nin

(7)

221  where Esis the voltage applied (V),J&Ris the external resistance (ohm) arid, is the heat

222 of combustion for hydrogen (286 kJ/mol).

— AHp ny2 (8)
S5 (I'Eps—12Rext)dt+AHs ns

223 Nws

224  whereAHs(638.2 kJ/mol) is the heat of combustion of metthamna rxis the number of

225  moles of methanol consumed during the period oé tomnsidered.

226 3. RESULTSAND DISCUSSION

227 3.1. Development of syntrophic consortium for methanol utilization in BES

228 The development of a syntrophic consortium abldeigrade methanol and generate current
229 intensity in MFC was tested for three differenastgies: the direct replacement of acetate for
230 methanol (ST1), a progressive replacement of aeétaimethanol (ST2) and a two-step

231 consortium development bioaugmenting ARB with methdermenting bacteria (ST3). The
232 idea beneath the syntrophic consortium of anaembithanol-degraders and ARB is that the
233 anaerobic fraction (essentially, acetogens) woelgrade methanol, while ARB would live

234  off the degradation byproducts (e.g. acetate) @mgleixoelectrogenesis. For this aim, a first
235  step, where methanol-degrading acetogens wergaglagainst other methanol degraders

236  (essentially methanogens) from an anaerobic sludge necessary. Methanogens were

10
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absolutely undesired in this consortium since ttmyld use both methanol and acetate for
methanogenesis becoming, then, competitors toAR® and acetogens. Once the anaerobic
sludge was enriched in methanol-degrading acetogemas used as bioaugmentation agent
in a MFC where an acetate-degrading populationblegeh previously developed, i.e. a MFC
already enriched in ARB.

Figure 1 presents the performance of three diftedvffC during the inoculation period using
the three different strategies tested. It can seded that for strategies ST1 (direct
replacement) and ST3 (syntrophic consortium) atiraation time was required before
current intensity generation was boosted, which staster for ST3 (Figure 1A). On the
other hand ST2 (progressive replacement) kept géngra much higher current intensity as
a result of being fed also with acetate. After 89dof operation under inoculation
conditions, the cells were changed to the operatioode with methanol as sole carbon
source (Figure 1B, change of axis scale to easkngla The cell inoculated with ST2
(progressive replacement of acetate for methandfi@red an abrupt decrease in cell
performance. The current intensity with ST3 keping after the switch to methanol. The
results indicated that the two-step consortium bigaraent was the most efficient in terms of
higher CE, higher power density and lower intenealstance (Table 1).

The cell inoculated with ST3 was maintained foorger term (Figure 2). Its performance
was enhanced and reached an increase up to tearf@dwer output (220V). These results
are comparable to previous values (250+300 obtained using acetate as sole carbon source
in other studies with the same cells. In additibese values are also comparable to those
reported with conventional carbon sources. In ag@ls configurations, Logan et al. [5]
obtained a power output of 32 feeding acetate as carbon source and Liu andr_{#tyg

obtained 270 4W feeding glucose. The highly comparable valuesiobtl here represent a
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high spot of this work since this is, to best of kmowledge, the first report of a methanol-

driven MFC in the literature.

3.2. Methanol-driven bioelectrochemical hydrogen production
The methanol-driven single chamber MEC was starpedith the anode of a methanol-
driven MFC inoculated following the syntrophic consum strategy. Figure 3 presents the
voltage profile of the last batch cycle performedhat MFC. As can be observed, methanol
degradation was fast whereas acetate concentraisiow indicating that the process was
not limited by ARB, i.e. the fermentation produeatsre fast consumed by ARB. However,
the presence of other acetate sinks different #&&B could not be ruled out. The low
acetate presence in the bulk was consistent wétlfettt that the growth of the consortium as
biofilm was enhanced throughout the cell operatsamce after every batch cycle the media
was completely replaced by fresh one. Thus, ordyattetate that had not been consumed by
ARB in the biofilm could diffuse into the bulk.
The results when operating as MEC for hydrogenyectdn (Figure 4A) were not as
satisfactory as expected; the classical performamakiation indexes were unrealistic (CE =
296%), the cycle was remarkably long (about 28 agd, despite the significant current
density obtained (5.7mA/ no hydrogen was detected during all the batchecyThese
observations evidenced the occurrence of elec&oycling from the cathode to the anode,
together with the presence of hydrogen scavengersy, oxidizing ARB and/or
homoacetogenic bacteria.
Equations 9 to 12 present the most probable chéneiaation scheme occurring in the MEC.
Equation 9 describes the methanol conversion tatgevhich is further oxidized by ARB to

bicarbonate (Equation 10). Equation 11 describesttdrogen consumption by
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homoacetogenic bacteria and finally Equation 12xshihe possible hydrogen utilization by
ARB. The last two reactions are responsible foraleetron recycling scenario.

ACHOH + 2 HCQ = 3CHCOO + H" + 4H,0  (9)

CHsCOO + 4H,O - 2HCO; + 9H' + 8¢ (10)
2HCO; + 4H, + H" = CH;COO +4H,0 (11)
H, > 2H + 2¢ (12)

In this case, methanogenic bacteria, although beitential hydrogen consumers, could be
ruled out since i) a chemical methanogenic inhib@ebromoethanesulfonate, was used, ii)
methane was never detected and iii) their metalagliwity would not have caused such an
electron recycling effect. The role of hydrogenv&®ers in similar systems has already
been discussed [20]. Ruiz et al. [28] demonstrtdtatthe utilization of CE an@4r to
evaluate the MEC performance would only be valigewheither methanogenesis ner H
recycling is occurring and hence different perfoneeindexes should be used.

The presence of homoacetogenic bacteria in theieama-fed systems was assessed and
confirmed with microbiological techniques. A samfitem this anodic biofilm was analyzed
with high-throughput 16S rRNA gene pyrosequenckigyre 5), detecting a microbial
community with a high diversity. The main genusedétd wasseobacter sp. (39%), which

is commonly found in high proportion (around 70 igo¥imilar acetate-fed BES [20]. Note
that acetate is not the external carbon sourdasrsystem, but only a potential intermediary
of methanol degradation. Regarding homoacetogeaxutehia Acetobacterium sp. are the
homoacetogens in higher proportion in our sludgedeéd, their presence could be expected,
since it is known that acetogens metabolize C1-aamgs, such as G@nd methanol, to
acetate [29], [30]Desulfovibrio (standing for 6% of anode population) are also

homoacetogens and can excrete acetate into theimédim hydrogen [31].
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Moreover, an extra test was performed in ordeutthér study whether the so called electron
recycling was consequence of the presence,aiitlizing bacteria or it was only caused by
homoacetogenic bacteria (Figure 4B). In Perioditjnd) the first 20 hours, the circuit was
opened, the cell was fed with fresh medium withoethanol and sparged during 5 minutes
with hydrogen. At the end of the period, acetate detected in the medium but at a very low
concentration (less than 5mg/L). In Period Il fresédium without methanol was fed and the
circuit was closed in MFC configuration, giving @itial voltage of 25mV. Hydrogen was
then sparged into the system as in Period |. Aitag of about ten hours was required for
observing a voltage increase, in agreement witlmdgeh not being directly used as electron
donor. In the same way, when no more substrateawaitable (presumably acetate rather
than hydrogen) the response of the cell decreas@hY. According to the experimental
results, the existence of this lag-time indicabes t-oxidizing ARB activity was minimal.
The cell voltage monitored at the very beginningPefiod Il could be a sign of
homoacetogenic bacteria presence in the anodidrbjafhere the acetate produced in
Period | could have remained and eventually bewnesl by ARB. Again this would be
consistent with the fact that biofilm growth wasanced along all the cell operation.

Thus, hydrogen production from methanol in a sirmffiamber MEC was not possible due to
the presence of homoacetogenic bacteria, whictdamatl be avoided since they were in
charge of methanol conversion to acetate, a pegfesubstrate for ARB.

To avoid the problem of electron recycling, thetegswas changed to work as a MEC in
double chamber configuration. Under this arrangearaertear current intensity profile was
obtained for each batch cycle (Figure 6), i.e.dblkexperienced a current intensity increase
as methanol was being converted to acetate amtiedsed when the substrate was being
depleted. This evidenced that electron recycling axided. Also hydrogen was detected

during this period and CE was assessed to be lthaar100% for each batch cycle.
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Throughout the double chamber operational pericakimum current intensity achieved in
every batch cycle increased, obtaining at the gtetate a CE of 90%¢kt of 40% and , of
28%, with a production of 0.1hi.,- m* reactor-&. Energy recovery based on electricity
input stabilized around 60% and energy recovergdas both electricity and substrate input
was only around 20%, still being far from considgrithe system energetically feasible. In
any case, this is, to the best of our knowledgefitst time where methanol-driven hydrogen
production using bioelectrochemical systems is nteglo

When working in a double chamber configurationyent density doubled reaching a stable
response of 10.7mA/despite the membrane inclusion, which should harkased the cell
internal resistance. However, as a consequenchkysiqally separating both anolyte and
catholyte a pH change was observed. pH decreaghd amolyte (final pH about 6.5), where
protons were produced, and increased in the cath@ipal pH about 11), where hydroxides
were produced. Methanol was not detected whenyttle evas over, i.e. when current density
decreased. During the cycle, maximum current intgnsmained rather constant, inferring
from this that the decrease in current density medsa consequence of the change in pH but

of the complete depletion of the substrate.

3.3. PRACTICAL IMPLICATIONS
The results presented are not only significanerms of methanol utilization in BES systems
but the approach used in this work could open anagge of possibilities and, similarly,
other complex substrates can be used as electrogifor bioelectrosynthesis. The
syntrophic consortium was developed in the biofiim. the biological activity in the
suspended liquid was negligible). Growing the cotigm as biofilm is interesting in view of
practical implementation, because: (i) a pretreatrtenk to carry out the fermentation could

be omitted, (ii) slow growing biomass in the biofils protected against washout when
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operating at low hydraulic retention times ang @peration at low hydraulic retention time
would decrease the chances for other non-desimadncmities such as methanogenic
bacteria to grow.

Methanol was not among the reported substratemeidztrochemical systems and therefore
its potential for power generation and hydrogerdpaotion in BES was unknown. The work
presented becomes relevant when the aim is usoutidsel waste water streams in BES,
where methanol is commonly found. Glycerol fromdigsel, and methanol as impurity,
could be effectively used a substrate for curreatipction in single chamber MFC, but a
more engineered system would be required if hydrqgmyeduction was the goal of the
process, increasing the installation and operatasts of the system. For instance a physical
separation of both electrolytes with an ionic meamgrwould enhance net hydrogen
production but such configuration could lead taheiginternal resistance of the system, and

thus higher energy supply needs, as well as higiaéntenance costs.

4. CONCLUSIONS
A syntrophic consortium of fermentative and exottegenic bacteria was developed aiming
at improving the starting-up step of a methanolehmiBES. The cell inoculated with this
consortium, reached about twofold CE and powerwiwdp well as lower internal resistance
than other inoculation strategies concerning direglacement of acetate for methanol and a
progressive replacement of acetate for methanol.
The development of such anodic consortium allowedenit generation in MFC, where
homoacetogenic bacteria metabolized methanol taicelaying a key role in this system.
Power output reached 220/, values comparable to those obtained with readily

biodegradable carbon sources.
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The presence of homoacetogenic bacteria in sifglnber MEC prevented net hydrogen
production due to hydrogen being also consumetidaroacetogenic metabolism, clearly
leading to an electron recycling situation, whatsssd a CE of 296%. As a consequence, a
physical separation between both anolyte and cgthalas needed for hydrogen production,
reaching under this double chamber MEC configuresicCE of 90%,dar of 40% and 4, of
28%, with a production of 0.1hH,- m® reactor-d. Although the hydrogen production from
methanol in BES is demonstrated in this work, fertimprovements in energy recovery
(60% based on electricity input and 20% based @h dlectricity and substrate input) are

still required to consider the system energeticiaasible.
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Tables

Table 1 MFC performance characterization for the threeutation strategies presented.

Maximum power
Pwax RinT

CE density
ST1

13.4+3.1 0.008+0.003 3080 0.84
(Methanol)
ST2

14.5+1.2 0.017+0.003 1575 1.19

(Acetate+Methanol)

ST3

26.7£1.0 0.021+0.002 966 1.87

(Syntrophic consortium)
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Figure 1. MFC performance with the three different inocudatstrategies tested. Top: ST1,
direct replacement of acetate for methanol. Mid8I€2, progressive replacement of acetate
for methanol. Bottom: ST3, syntrophic consortiui) [hoculation period. (B) Operation
with methanol as sole carbon source.

Figure 2. Performance evolution of the methanol-driven MFH&\& syntrophic consortium

(ST3).

Figure 3. Voltage and metabolites evolution in a methansesr MFC. Solid line: Voltage,
e: acetate and: methanol concentration.

Figure 4. A: Current intensity evolution in a single chambetihanol-driven MECB:
Homoacetogenic detection in a MFC fed with hydroged carbonate. Period | open circuit.
Period Il closed circuit.

Figure5. Anodic genus microbial distribution through hidir@éughput 16S rRNA gene
pyrosequencing. Genera making less than 1 % dfgetpiences were classified as others.
Figure 6. Current intensity evolution in a double chambethagrol-driven MEC. Solid:

current intensitys: CE.
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Figure 1. MFC performance with the three different inocudatstrategies tested. Top: ST1,
direct replacement of acetate for methanol. Mid8IE2, progressive replacement of acetate
for methanol. Bottom: ST3, syntrophic consortiu) [hoculation period. (B) Operation

with methanol as sole carbon source.
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