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BIOENERGY AND ENVIRONMENT

Bioelectricity: Bioelectrochemcal Systems
BES

Bioremediation
Heavy metals

Hydrocarbon degradation (BES)




Geobacter sulfurreducens: model bacteria for extracellular electron transfer
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de CG'Ode Sgga A & A Bacteria
Azefiode Acetate co2
resistencia
U(Vvi) u(vI)
Cr(V1) cr(ln)

Microbial Fuel Cell (MFC)

Hydrocarbon

Geopili “nanocables” degradation

Subsurface bacteria, anaerobic

Biogeochemical cycles Fe and Mn.
Electron transfer to extracellular insoluble

acceptors.
- More than 100 cyt



Microbial Fuel Cell

Reaction e donor: CH,;COO" + 3 H,0 —» CO, + HCO; + 8H* + 8e-0.29 V
Reaction e acceptor: 2 Oz + 8H" + 8" — 4 H,0 0.81V

Global reaction: CH,COO- + 20, - CO, + HCO; + H,0 1.10V
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Biofilm characterization in MFC
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. |ELECTRON TRANSFER REGULATION Fe(lll) other heavy metals and anode in
MFC?
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¢Como se lleva a cabo la transferencia de electrones?
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modificado de Lovley. 2006. Nat Rev Microbiol 4, 497
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BES IN BIOREMEDIATION AND OTHER PROCESS

Increasing interest in MFC technology for bioremediation
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Fig. 1. Number of hits of relevant articles per year (reviews excluded) on “Web of > ngn9cellulosuc * Fermentation t m
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a] Early MFC System Cost in $/m? | b] MFC Cost with New Materials in $/m?
Cost Cost I Waste water
Carbon Cloth ~ $1000 Anode ~$20
Platinum Catalyst ~ $500 Cathode ~$22 Digestate Waste water
Binder ~ $700 Binder ~$1.50 Conversion of
I N Activated Carbon - Pollutants
Diffusion Layer $0.30 [cathodelcatalyst] $0.40 |
Separator ~$1.00 Diffusion Layer ~$0.15 <€
- - oo Methane
Total $2200 Separator | $1.00 | Thermal
Total ~ 843 Conversion |
' Pt
Table 1: a) Breakdown of early MFC costs for materials in $/m? (USD), b) Tomado de BioFue -
Breakdown of MFC costs using more recent and cost-effective materials. Adapted
from [169,170].




Produccién de electricidad de sedimentos acudticos y desechos orgdnicos

Microbial Fuel Cell

Cathode reaction:
20, + 8H* + 8e™ = 4H,0

4H,0 20,

Catodo
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Electrons flow to

cathode, creating
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Biofilm of Geobacter cells on
anode surface revealed with
scanning electron microscopy
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ISOLATION OF MICROBIAL CONSORTIA METAL REDUCERS AND HYDR DEGRADERS
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BACTERIAL DIVERSITY 16s DNAr

MICROORAGANISMO Identidad
Geobacter sp. Strain AK14 96%

Geobacter sp. Strain G02 99%
Geobacter sp. Strain CdA-3 99%
Petrinomonas sp. Strain B50-1 99%
Clostridium sp. Strain AP 99%

Clostridium amygdalinum strain 48AGP6 RS

Porphyromonas sp. HCB-7 95%
Geobacter sp. Strain CdA-3 92%

Fe(lll) as electron acceptor : acetate and HYD as electron donor.

HEAVY METALS SITE 1

Pb Tl cr
(ppm) (ppm (ppm) (ppm)
0.8 0.27

SED. SITIO1

Limite permisible de Hg en sedimento (OMS) 0.1ppm
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MICROBIAL DIVERSITY COATZACOALCOS RIVER

Phylum

Sitio 2

O MNot_abundant_taxa
W Firmicutes

KSB

«d_OP
@_ACT O

B Verrucomicrobia
W Caldithrix

O Actinobacteria
@ Chlorobi

@ Planctomycetes
S

B Euryarchaeota
W Bacteroidetes
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Amplicon 16s rDNA (V3-V4). Taxonomic
Assignment Phylum level

Candidato a
Phylum

KSB3
(Tanner et al., 2000)

OP3 (Omnitrophica)
(Stevens et. al 2008)

AC1
(Harris et al., 2004)

GNO04
(Narihiro et al.,2015)

WSs3
(Dojka et al., 1998)

OP8 (Aminicenantes)
(Farag et al., 2014)

Procedencia

biorreactor anaerébico de tratamiento de
aguas residuales.

Sedimentos marinos con baja
concentracion de oxigeno.

Sedimento marino, birreactor de
desnitrificacion

Sedimentos marinos, planta tratadora de
efluentes industriales

Acuifero contaminado con hidrocarburo y
compuestos clorados

Sedimentos acuaticos contaminados con
hidrocarburos

Amplicon 16s rDNA (V3-V4). Taxonomic
Assignment Genera level

2002)

GOUTA19 (Alfreider et al.,

SJA-88 (Wintzingerode, 1999)
LCP-26 (Kostka et al., 2004)

LCP-6 (Kostka et al., 2004)

Aguas contaminadas con mono-clorobenceno

Sedimento en hidrocarburos aromaticos policiclicos

Sedimento marino contaminado mercurio e hidrocarburo

Sedimento marino contaminado mercurio e hidrocarburo




BIOELECTROCHEMICAL SYSTEM: SEDIMENTS SITE 1 COATZACOALCOS

BES : MATERIALS LOW COST
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DIFFERENT ARCHITECTURE IN BES AND ANODES

N

Ciodo
Sednento
Somecor
Anodo

Sedmento
—

11em

BCSC
Confgurackin Basca

1 Electrodo 2 Elacyoo0s

<10 tm BT —>

—-— e IR

10em

‘Gcm

e
Agua
Catodo

Anodo

Sedimento

S —

11em

1Y

3 Electrodos

3cls 3c?2s

3c4s

Tem

Separador
" Barro

N
4

4 Eloctrodes

3c3s

e e e e e e e - == -

3c4s

L Tem
- Agua Separador

" Barmo
Anodo
Sedimento

4 wcironos

4em

AB,CYD

2tm




POWER DENSITY OF DIFFERENT CELLS

—R1 1C1S ==—2C2S ==3(C3S ==3(C4S =—CP

7.E-04 A

6.E-04 A

5.E-04 A

4.E-04 A

3.E-04 A

Densidad de Potencia/ mW cm-2

2.E-04 A

DP
1C1S->7.48*10°>mW/cm?2 1.E-04 1
4C4S->6.80*10*mW/cm? 0.E+00

0.0E+00 5.0E-04 1.0E-03 1.5E-03 2.0E-03 2.5E-03

Densidad de Corriente/ mA cm2
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BCM  Sustrato Areay Area Modificacion Dist Separador PCA Resist DC Max DP Max

Anolito Material Catodo Catodo Elect V Interna mAcm?2 mWcm=2
Anodo CF Q
3c4s Sedimento 4CF 0.00785 Sin 0.005 Barro 0.67 1195 1.5x10° 6.8x10*
sitio 1 Seg m2  Modificacion m
0.00785

m?Z
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Relative percentage of reads
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ANODE AND CATHODE REACTION IN BES
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Schievano et al (2016) TIBTEC 1379

Trends in Biotechnology

Indirect reductionin microbial
metabolism enhanced by reducing
power from cathode

Direct reduction by periplastic
enzyme using electrons from
cathode

Electrofuel
Cr
Selected more reduced compounds or
chain elongation

Choi &Sang Biotechnol Biofuels (2016) 9:11



ELECTROACTIVE MICROORGANISMS AND ELECTROTROPHS

CH,

carbon cloth Methanosarcina
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Published in: P. J. Strong; S. Xie; W. P. Clarke; Environ. Sci. Technol. 2015, 49, 4001-4018.
Copyright © 2015 American Chemical Society



ANODE AND CATHODE REACTION IN BES

AR

Power production
: Power source 1
Polymer IT Monomer I_ Vit 10, + 2H'+ 2¢°'— H,0
GRS Fermentation

Organic acids/alcohols  H 0,+2e" +2H,0 — H,0,+ 20H

G . 2NO,.+ 10e"+ 12H" —> N, + 6H,0
Propionate CO,H,e
Butyrate ) ) c
A A T
- N T ..  2CO,+7H +8¢ — Acetate+2H,0
Glycerol — Ethanol + 2e" + 2H olu N+ ’
D O J o .
Lactate + H,0 E D 2H +2e — H,
............ =
Acetate + CO, + 4H"+ 2¢°
2H,0 +2¢° — H,+20H
H, = 2H" + 2¢"
Glucose +6H,0— 6CO, + 24H"+ 24e" Glutamate
+ - Glucose, H’, e Propionate
H,— 2H + 2 Butanol

Acetate

Logan and Rabaey, 2012 Science



ELECTRON TRANSFER INTER-SPECIES BACTERIA:ARCHAEA

LETTER

doi:10.1038/nature15733

Intercellular wiring enables electron transfer
between methanotrophic archaea and bacteria

Gunter Wegener"?*, Viola Krukenberg'#, Dietmar Riedel’, Halina E. Tegetmeyer®® & Antje Boetius"**
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BCM Sustrato Areay Area Modificacion Dist Separador PCA Resist DC Max DP Max
Anolito Material Catodo Cétodo Elect V Interna mAcm? mWcm?
Anodo CF Q
Peceral Sedimento CF 0.01125 Sin 0.05m Barroy 0.3 2042 7x104  1.2x10*
sitio 1 0.0112 m?2 Modificacién Sedimento
m2
Pecera 2 Sedimento CF 0.01125 Acetato 0.05m Barroy 0.6 3149 4.8x10* 7.21x10°
sitio 1 0.0112 m? camara Sedimento
m? anodica
2a Sedimento CF 0.00785 Sin 0.04 m Sedimento 0.3 1013 1.5x10° 3.1x10*
sitol  0.00785 m? Modificacién
m2
3c 1s Sedimento 1 CF Seg 0.00785 Sin 0.005 Barro 0.48 4592 3.74x104 7.48x10°
sitio 1 0.00785 m?2 Modificacibn  m
m2
3c 2s Sedimento 2 CF Seg 0.00785 Sin 0.005 Barro 0.77 9847 3.6x10* 1.6x10*
sitio 1 0.00785 m? Modificacibn  m
m2
3c 3s Sedimento 3 CF Seg 0.00785 Sin 0.005 Barro 0.58 4613 8.4x10* 2.52x10*
sitio 1 0.00785 m? Modificacibn  m
m2
3c 4s Sedimento 4 CF Seg 0.00785 Sin 0.005 Barro 0.67 1195 1.5x10° 6.8x10*
sitio 1 0.00785 m?2 Modificacion  m
m2
3c4s Sedimento 4 CF Seg 0.00785 Sin 0.005 Barro 0.33 1314 1.8x103 2.5x10*
Aire en sitio 1 0.00785 m? Modificacion m
Catolito m?




DATA OF DIFFERENT BES CHARACTERIZED

BCM Sustrato Areay Area Modificacion Dist Separador PCA Resist DC Max DP Max
Anolito Material Catodo Catodo Elect V Interna mAcm?2 mWcm-?2
Anodo CF Q
Celda Sedimento 5CP 0.00785 Sin 0.04 Sedimento 0.69 7856  2.2x10° 6.5x10*
A sitio 4 Seg m? Modificacibn  m
0.0025
m2
Celda Sedimento 4 CF Seg 0.00785 Sin 0.04 Sedimento 0.6 9371  1.3x10°3 6x104
B + 0.0025 m? Modificacion m
3 g. Diésel m?
Celda Sedimento 4 CF Seg 0.00785 Sin 0.04 Sedimento 0.64 7927 2.7x103 8.7x10*
C o 0.0025 m? Modificacibn m
9 g. Diésel m?
<e'.da Sedhemo 4 CF Seg 0.00785  Sin 0.04 Sedimento 0.56 7199 1.4x1uv%
D + 0.0025 m?2 Modificacibn ~ m
154¢. m=
Diésel
Celda Sedimento 5CP 0.00785 Catalizado 0.04 Sedimento 0.71 1654 4.7x102% 1.8x103
A sitio 4 Seg m?2 KMnO, m
0.0025
m2
Celda Sedimento 4 CF Seg 0.00785 Catalizado 0.04 Sedimento 0.77 1365  7.2x102%  2.3x10%3
B + 0.0025 m? KMnQO, m
3 g. Diésel m?
Celda Sedimento 4 CF Seg 0.00785 Catalizado 0.04 Sedimento 0.76 4162  3.3x10°% 1.3x103
C + 0.0025 m?2 KMnO, m

9 g. Diésel m?

23
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4.23x10*4 mW cm2. Lodos de refineria.

3.2x10°* mW cm. Agua subterranea contaminada+diésel.
Identificacion de bacterias.

1.73x10¥ mW cm2. Suelo contaminado con
hidrocarburo.Plataforma petrolera
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GRACIAS POR SU ATENCION




CALCULO DE PARAMETROS ELECTROQUIMICOS

-~

o

Tiempo de estabilizacion
25-33 dias

~

Donde
i= corriente (A)
V= voltaje (V)

-

DC—i
S

Donde
i= corriente (mA)

S= superficie (cm?)

J
~

\DC= densidad de corriente (mA/cmZ)/

k R= resistencia (Q) /
4 pp-1Y )

S

Donde

i= corriente (mA)
V=voltaje (V)
S= superficie (cm?)
kDP= densidad de potencia (mW/cmZ)/




