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Anaerobic digestion and biogas
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POWER-TO-GAS for bioelectrochemical systems (BEP2G)
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Microbial electrolysis cell (MEC) for CO, removal
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A Microbial electrolysis cell (MEC) is a particular application of
bioelectrochemical systems (BES) in which an electric potential is applied

Using a MEC is possible to couple the CO, reduction to CH, with the oxidation
of waste COD.

A MEC could be used for upgrading Biogas into Biomethane while the
digestate could be used as COD source furnishing electrons to the reaction.
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The bioelectromethanogenesis

= Direct Extracellular Electron Transfer = Hydrogen mediated mechanism
(EET)
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CO, removal mechanisms inside a biocathode
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CO, removal through alkalinity production

4 N

CO, + 8H* + 8e" > CH, + H,0

For every mole of produced CH,, 8 moles of monovalent ions have
to be transported through the ion exchange membrane in order to
maintain the electroneutrality; for every species transported different
from the hydroxyl, an equivalent of alkalinity is generated inside the

\ cathodic chamber /
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Integration of a MEC with a two-stage anaerobic digestor
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One (or more) tubular MEC placed after a two-stage anaerobic digestor
First scale up of this type of MEC
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Experimental apparatus: Tubular microbial electrolysis cell
é TREATED DIGESTATE
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Polarization through three-electrode configuration

e Control of the anodic potential + 0.2 V vs SHE
Changing the OLR 2.55; 3.82; 5.11 gCOD/Ld

e Control of the cathodic potential -1.3; - 1.8; - 2.3 V vs SHE
With an OLR of 2.55 gCOD/Ld

mogoxT—=H>»O0O
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COD removal and electric current’s production

3000 - o Effluent = Influent o Electric Current - -Potential Difference
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* The electri rrent incr
2,55 gCOD/Ld | 3.82 gCOD/Ld | 5.1 gCODJLd € electric current increased

with the increase of the OLR
Average electric

current (mA)

Average COD
removal (gCOD/Ld)

CE % 54 = 3 322 44 £ 5

235 = 25 240 = 17 311 + 36 _
* The increase of the produced

0.94 £ 0.11 1.94 +£0.15 2.61 £ 0.34 electric current was not as high
as the increase of the OLR. For
this reason, the CE is lower for
higher ORL.

» Probably the reason of the little increase is a kinetic
limitation of the biofilm to convert COD into electric current
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The CO, abatement did not

255 gCOD/Ld | 3.82 gCOD/Ld | 5.1 gCOD/Ld |M

change significantly

ACO, (mmol/d) 243 = 15 224+ 11 270 = 33 _
: « The AEM membrane permits the
CH, p(rr?]f:glt/'g)” rate 26 + 4 27 + 5 31 + 4 migration of the anion
bicarbonate.
CCE % 41 = 1 59 + 1 25+ 1

» The CH, production did raise with the enhancement of the electric current but not as much as
expected. For this reason, the CCE is significantly lower for the last period

23.06.21
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sustain the cathodic reaction

Sl il 12/ 1 32 +2 15 + 1 v
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water oxidation
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Potential control switch
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I 3.82 gCOD/1Ld l 5.11 gCOD/Ld l Ecat-1.3VvsSHE l Ecat- 1.8V vs SHE l Ecat- 2.3V ws SHE
OkWh/Nm3C0O2 = kWh/kgCOD

control
-1.3V vs. -1.8 V vs. -2.3V vs.
Stream 2.55gCOD/L d|3.82gCOD/Ld | 5.11 gCOD/L d SHE SHE SHE

kWh/kgCOD 10.7 14.1 10.9

KWh/Nm?3CO, 2.4 3.3 7.7 0.6 1.7 6.2
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Take home message

The micro pilot scale reactors are a promising first step
towards an eco-friendlier biogas upgrading.

A higher OLR is not the better solution to enhance the
current density.

From a higher electric current production derives a higher
CH, production rate.

Controlling the cathodic potential minimizes the
overpotential even in a micro pilot reactor.

Further studies will be conduct using a CEM membrane.
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