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• Biological nutrient removal and recovery from liquid 
waste

• Bioelectroremediation of polluted water 

• CO2 capture and transformation to C‐neutral 
products (BES)

• Advanced adsorption and oxidation processes for 
siloxanes, odorous sulphur compounds, VOC.

• Membrane fouling and clogging: from basic research 
of the responsible parameters to practical aspects for 
cleaning and monitoring.

• Environmental Decision Support Systems (EDSS) to 
support decision making in water‐related systems.

[Team: LEQUiA scientific expertise]

Group Leader: Dr. Jesús Colprim



[Team: LEQUiA scientific expertise]

• Contaminated 
water

• Urban/industrial 
wastewater

• Air pollution

Environmental‐
health issues

•Aerobic granular 
sludge 

•PANAMMOX
•Bioelectrochemical
Systems

•Nutrient recovery

Leading edge 
technologies • Drinking water

• Regenerated  
water

• Biofuels
• Bioelectricity
• Organic fertilizers

Products



Rabaey and Rozendal (2010)
Nature Reviews Microbiology 8, 706‐716

Cathode: reduction

Anode: oxidation
Membrane: charge balance

- Reduction environment

- (Biotic) reduction of :
CO2 Prod. ; NO3

- N2

- (Abiotic) Chemical e- acceptor:
O2 H2O

[Microbial electrochemical technologies]



Rabaey and Rozendal (2010)
Nature Reviews Microbiology 8, 706‐716

Driving force: ΔG

ΔG<0

ΔG>0

[Microbial electrochemical technologies]



Schievano et al. (2016) LEQUIA Trends in Biotechnology

Multiple options!
‐ focus on anodic reactions: oxidation of chemical compounds
‐ focus on cathode reactions (biocathodes): reduction of chemical compounds
‐ Direct electron flow (electricity production, spontaneous reactions)
‐ Forced electron flow (electricity consumption/storage, non spontaneous reactions)

we can fix environmental potential! Use of a potentiostat!

[Microbial electrochemical technologies]



Sludge

Digester
Dewatering system

WW

WWTP

Primary settler Biological treatment Secondary settler

Pretreatment Receiving media

Sludge Treatment

[Wastewater Treatment Plants]



[Research lines]

Water scarcity Water recovery as a need not a wish

Bioelectroremediation

Carbon capture Carbon transformation

BioelectroCarbon recycling



[Microbial electrochemical technologies]

An electrotroph is a microorganism which can receive electrons necessary for its 
growth from an electrode (power supply) terminal.

Electrode

Nitrates
(water)

Water + N2

Carbon‐neutral products

CO2



2010 2011 2012 2013 2014 2015 2016

mL <10 L 2000L<100 L

[Microbial electrochemical technologies at @LEQUiA]
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[dBES. Background]



Potential
bacterial
energy
gain

Nitrate
removal
rate

Pous et al., (2015), Chem. Eng. J. 263, 151‐159

Conductivity: 
<1mS/cm

[dBES. Cathode potential in groundwater treatment]



Cathode potential (mV vs SHE)
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QR = [NO3‐] / 11.29 + [NO2
‐] /0.91 ≤ 1 

0.68 – 1.27∙10‐2 kWh∙gN‐NO3
‐
rem

‐1

0.20 – 0.38 kWh∙m‐3
treated

0.40 – 4.95∙10‐2 kWh∙gN‐NO3
‐
rem

‐1

0.04 – 1.69 kWh∙m‐3
treated

 Reverse electrodialysis

(El Midaoui et al., 2002; Ortiz et al., 2008; 
Twomey et al., 2010)

1.03 – 2.09 kWh∙m‐3
treated

 Reverse osmosis

(Twomey et al., 2010)

Competitive energy cost

Pous et al., (2015), Chem. Eng. J. 263, 151‐159

[dBES. Cathode potential in groundwater treatment]



[METS in Bioremediation. challenges]

Effluent

Recirculation

Recirculation

Inflow

Vilà‐Rovira et al., (2015), RSC Advances,5 78994–79000

Mass transfer‐Hydrodynamics



[dBES. Cathode potential in groundwater treatment]



European Patent
WO 2014082989 A1

[dBES. Cathode potential in groundwater treatment]

Pous et al. Environmental Science: Water Research 
& Technology 3, 922‐929. 2017.



[METS in Bioremediation. challenges]

Counter electrode… Side reactions… Opportunities
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Anode potential: > + 800 mV vs SHE

Contaminant treatment and desinfection using the same tech!



[Water Recovery ]

Cl-

ClO-

PV panels

30 mg N‐NO3
‐/L

Protection: European Patent (WO 2014082989 A1), 
100% LEQUIA-UdG



TRL-6. Licence contract and 
demonstration project, Aqualogy

Flow: 2 m3/d
36 BES
dcat: 9cm; 
Height: 1‐1,5m

[Water Recovery ]
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[dBES. Cathode potential in groundwater treatment]
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reduction)

Microbial Electrolysis Cell (MEC)
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+

Bioanode
(Biological ammonium 

oxidation) NO3
‐
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E0 = +0.8 V vs. SHE

[Microbial electricity driven anoxic ammonium removal]

Vilajeliu‐Pons et al. Water Research, 2018.



To demonstrate 
anoxic ammonium 

oxidation
O2

Reactor set‐up

460 mL

20 x 20 x 2.2 cm 
each chamber

Graphite electrode

Anion exchange
membrane

Rectangular BES

[Microbial electricity driven anoxic ammonium removal]

Vilajeliu‐Pons et al. Water Research, 2018.
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[Microbial electricity driven anoxic ammonium removal]

Vilajeliu‐Pons et al. Water Research, 2018.
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[Microbial electricity driven anoxic ammonium removal]

Vilajeliu‐Pons et al. Water Research, 2018.
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[Microbial electricity driven anoxic ammonium removal]
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[Microbial electricity driven anoxic ammonium removal]

Vilajeliu‐Pons et al. Water Research, 2018.



Time / days

0 5 10 15 20

Am
m

on
iu

m
 re

m
ov

al
 / 

m
g 

N
 L

-1

0

5

10

15

20

25

C
ur

re
nt

 d
en

si
ty

 / 
m

A
 L

-1

0

1

2

3

4

5

6
NH4

+ Current density
ATU

N2
N2

N2

N2

N2O

97% production

NH4
+

NH4
+NH4

+
NH4

+

NO3
‐

NO2
‐

Open‐circuit

<2% of the ammonium removal

Buffer solution

Microbial electroactivity
involved in nitrogen removal

Electrogenic steps 
involved ?

Allylthiourea
Time / days

0 2 4 6 8 10 12 14

N
itr

og
en

 e
ffl

ue
nt

 / 
m

g 
N

 L
-1

0

20

40

60

80

100

C
ur

re
nt

 d
en

si
ty

 / 
m

A 
L-1

0

1

2

3

4

5
NH4

+ Current density

[Microbial electricity driven anoxic ammonium removal]

Vilajeliu‐Pons et al. Water Research, 2018.



Actinobacteria (3%)
Hydrogenedentes (1%)
Firmicutes (2%)
Bacteroidetes (5%)
Proteobacteria (74%)
Planctomycetes (7%)
Unclassified Bacteria (8%)

N2
N2

N2

N2

NH4
+

NH4
+NH4

+
NH4

+

NH2OH

NO2
‐

Alp
Be
De
Ga

Alph
Beta
Delt
Gam

Complex microbial community identified

Nitrosomonas
europaea

Brocardia
Kuenenia

AOB

Anammox

Alpha
Betap
Delta
Gam

Alphaproteobacteria (44%)
Betaproteobacteria (26%)
Deltaproteobacteria (1%)
Gammaproteobacteria (3%)

[Microbial electricity driven anoxic ammonium removal]

Vilajeliu‐Pons et al. Water Research, 2018.



35±6 g N m‐3 d‐1

0.13±0.09 kWh kg‐1 N
21‐58 g N m‐3 d‐1

1.20‐4.60 kWh kg‐1 N

+0
.7
3 
V 
vs
 S
HE

Nitrosomonas europaea
Brocardia sp.
Kuenenia sp.

[Microbial electricity driven anoxic ammonium removal]

Vilajeliu‐Pons et al. 
Water Research, 2018.



Carbon capture Carbon transformation

BioelectroCarbon recycling

[Carbon capture, storage and utilisation technologies]



Electricity-driven reduction of CO2 using microorganisms as electrocatalyst

Strengths

• Unlimited reducing power

• Mitigation and valorisation of CO2

• Low land usage

• Renewable electricity storage

CH4

[BioelectroCarbon recycling]



Rabaey and Rozendal, 2010. Nature Rev Microbiol

∆
Ecell < 0
∆G > 0

Non spontaneous

Energy required

[BioelectroCarbon recycling]



[Carbon recycling – Air recovery]

Methane

Butyrate

Ethanol

Hydrogen

Acetate

• Batlle-Vilanova et al. Int. J. Hydrogen Energy. 39 (2014) 1297–1305
• Batlle-Vilanova et al. RSC Adv. 5 (2015) 52243– 52251
• Ganigué et al. Chem. Commun. 51 (2015) 3235–3238
• Batlle-Vilanova et al.. J Chem Technol Biotechnol 91 (2015) 921–927
• Matemadombo et al. J Chem Technol Biotechnol (2016)
• Puig et al. Bioresour. Technol. 228 (2017) 201-209
• Blasco-Gomez et al. Int. J. Mol. Sci. (2017), 18(4), 874
• Batlle-Vilanova et al. Bioelectrochemistry. (2017).

Current portfolio



[Carbon recycling – Air recovery]



Batlle‐Vilanova et al. LEQUIA. (2014) Int. J.of Hydrogen Energy

H2

H+

4,77 mol H2 kWh‐1

Abiotic vs. Biotic mediated H2 production

2,64 mol H2 kWh‐1

[BioelectroCarbon recycling]



4 % CH4
96 % CO2Absorption

Column Desorption
Column

Energy consumption

CO2 emission

Bioelectrochemical

CO2 transformation

Increased Yield

Reduce CO2 emission

[BioelectroCarbon recycling]



37

COଶ  8Hା  8eି → CHସ  2HଶO

COଶ  4Hଶ → CHସ  2HଶO

2Hା 	eି → 4Hଶ

E’0 = ‐0,24

E’0 = ‐0,41

Electromethanogenesis

Hydrogenotrophic methanogenesis

Eୡୣ୪୪ ൌ Eୡୟ୲ െ Eୟ୬

∆G ൌ െn · F · Eୡୣ୪୪

Thermodynamics

BIOCATHODE

ANODE

Water electrolysis
2HଶO → Oଶ  4Hା  4eି E’0 = +0,82

∆∆G > 0
Energy required

[BioelectroCarbon recycling]



0

2

4

6

8

10

0 2 4 6 8 10

m
m
ol
 C
H
4

Time (d)

test1 test2 test3 test4 test5 test6

CH4 65 – 85 %
CO2 15 – 35 %
O2 1 – 8 %
H2S traces

[BioelectroCarbon recycling]



Challenges to overcome:
 Limited H2 availability (reducing power).
 Low solubility of CO2 and H2. 
 Diverse metabolic routes and products (acids).
 Chemicals needed (ethanol) for carbon chain reactions. 

BioElectroCarbon
recycling

CO2 H2

Acetate

Biofuel

Ethanol
(chain
elongation)

WL

e‐

[BioelectroCarbon recycling]



Thermodynamics analyses

[BioelectroCarbon recycling]

CO2

Acetate (C2) Ethanol (C2)

Butyrate (C4) Butanol (C4)

Caproate (C6)

Caprilic (C8)

Hexanol (C6)

Octanol (C8)

Chain elongation 

Biofuels production

ΔGr
o’=-7.22 kJ/mol

-3.58 kJ/mol

-7.55 kJ/mol

Mixed culture
H+/H2
37ºC

pH= 6.82
1 atm

-201.68 
kJ/mol

-190.00
kJ/mol

Agler et al. (2011). Trends in Biotechnology

H++ 2H2

H++ 2H2

H++ 2H2

H++ 2H2



1. Carbon Source (CO2) 
2. Reducing power (H2). High PH2

3. Carboxydotrophic mixed culture

The magic treble

Ganigué et al. LEQUIA. (2015) Chem. Commun. 

From AD enrichment with syngas ...

[BioelectroCarbon recycling]



Puig et al. LEQUIA, 2017. Bioresour. Technol. 

Biofilm community
Bulk community

e‐

e‐

H+

H2

CO2
Acetate

Ethanol

Compartmentalization:

Biofilm ≠ Bulk

[Carbon recycling – Air recovery]



[Carbon recycling – Air recovery]

BioelectroCarbon recycling

Time (d)
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Now… In‐line production 
and extraction

Broth: 87.5 mMC of butyrate 
and 34.7 mMC of acetate

After extraction:
252.4 mMC of butyrate

Batlle‐Vilanova et al. 2017. 
Bioelectrochemistry

Proof‐of‐concept

Acetate

Ethanol
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