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GENOCOV stands for Research Group on Biological Treatment and Valorisation of 
Liquid and Gas Effluents. The group is composed by researchers of the Department of 
Chemical Engineering of the School of Engineering at the Universitat Autònoma de 
Barcelona. GENOCOV has been recognized by the Catalan University Quality System 
(AQU) as a reference research group (2009 and 2013 SGR).  

GENOCOV, whose principal investigator is Prof. Javier Lafuente, has been active over the 
last 25 years in the study of biological processes for the treatment of urban and industrial 
water and gaseous effluents, with special emphasis on monitoring, modelling and control 
of complex biological systems, both continuous and discontinuous in the field of Chemical 
and Environmental Engineering.  

The group is highly active in research, including : i) Participation in several EU projects and 
other projects funded by the Spanish Government, ii) Publication of more than 80 peer-
reviewed international journals publications during the last 5 years, iii) Important 
participation in international conferences.  

The research group activities are focused on Urban and Industrial Wastewater Treatment, 
Valorisation of Effluents, and Characterization and Treatment of Gaseous Effluents. These 
activities are presented in the following main research areas:  

 
 Conversion of chemical scrubbers into biotrickling filters  
 Treatment of highly-loaded off-gases    
 Characterization and biofiltration of odorous effluents 
Industrial water treatment  
 Recovery of biopolymers    
 Urban wastewater treatment     
 Fundamentals of bioelectrochemical systems    
 Scaling-up bioelectrochemical systems 
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Personnel of  the research group 
 
Seven Senior Researchers 

Dr. Francisco Javier Lafuente Sancho, Professor 
Dr. Juan Antonio Baeza Labat, Associate Professor 
Dr. Julián Carrera Muyo, Associate Professor 
Dr. David Gabriel Buguña, Associate Professor 
Dr. Albert Guisasola  Canudas, Associate Professor 
Dr. Julio Pérez Cañestro, Associate Professor 
Dr. María Eugenia Suárez-Ojeda, Associate Professor 

 
Two Postdoctoral Researchers 

Dr. Joan Colón Jordà, Dr. Javier Guerrero 
 

17 PhD Students 

Enric Blázquez 
Carlos Chan Pacheco 
Tercia Diniz 
Anton Gomà 
Eduardo Isanta Monclús 
Luis Rafael López de León 
Gabriela Montiel Jarillo 
Nuria Montpart Planell 
Andrea Monzón 
Mabel Mora Garrido 
Laura Rago 
Clara Reino Sánchez 
Carlos Antonio Ramos Quiroz 
Edgar Ribot Llobet 
Yolanda Ruiz Franco 

 

One  Laboratory Technician active in 2014 

Lorena Ferrer Rodríguez 
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Main research areas 

 
Biological reactors for odorous off-gases 
treatment have shown competitive in 
comparison to typical chemical scrubbers, 
the most common technique used at 
industrial scale. We apply a standard 
procedure for retrofitting such chemical 
scrubbers into biotrickling filters. Several 
full-scale applications have been carried out 
for the treatment of low-loads of waste 
gases containing H2S, NH3 and VOCs.  

Main advantages of the biological process are the large economical benefits (short payback 
time of the conversion investment) as well as technical advantages in terms of efficiency of  
treatment are scrutinized and demonstrated in each conversion . 
 

Conversion of chemical scrubbers into biotrickling filters 

Leading researchers 

David Gabriel Buguña – david.gabriel@uab.cat  
Javier Lafuente Sancho – javier.lafuente@uab.cat 
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Main research areas 

Treatment of highly-loaded 
off-gases 
 
Biological reactors for waste gases 
treatment are known to work-well for the 
treatment of large flows of gas containing 
low concentrations of pollutants. We have 
been developing a range of processes to  
expand their capacities to treat gas 
effluents containing high concentrations of 
pollutants. If possible, processes developed 
target the valorisation rather than the 
simple removal of pollutants. 

The main cases under study are:  
 - Biogas and other energy-rich gases desulfurization, that is the biological removal of H2S for 
biogas upgrading 
- Composting off-gases containing large loads of NH3 
- Desulfurization of combustion off-gases, in this case the removal of SO2 for elemental S 
recovery 

2014 topics 
1)  Development of control strategies for biogas biodesulfurization in biotrickling filters 
2)  Kinetic and stoichiometric characterization of SOB under aerobic conditions 
3) Characterization and monitoring of biotrickling filters by FISH and 454 tag-  
pyrosequencing 
4) Removal of high loads of NH3 in biotrickling filters 
 

Leading researchers 
David Gabriel Buguña – david.gabriel@uab.cat  
Javier Lafuente Sancho – javier.lafuente@uab.cat 
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Development of control strategies 
for biogas biodesulfurization in 
biotrickling filters 

Luisrafael.lopez@uab.cat 

Luis  R. López 

Motivations 
 
 A  mathematical dynamic model describing biological 
removal of high loads of H2S from biogas streams 
through a BTF has been developed, calibrated and 
validated to a range of specific experimental 
conditions of the set up used to perform this research. 
This model takes into account the main processes 
occurring in the three phases of the desulfurizing BTF 
(gas, liquid and biofilm phases) in a co-current 
configuration flow mode (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 This model attempts to describe accurately 
intermediate products and end products (figure 2) 
obtained from H2S oxidation using kinetic models 
developed by other members of the GENOCOV group 
using respirometric techniques with biomass samples 
obtained from the same BTF set up used here.  
 
. Air flow increase is one of the most extended 
solutions in industrial facilities to avoid massive sulfur 
accumulation. Nevertheless, this strategy drives to 
biogas dilution and to the consequent lost of its heat 
capacity. For this reason, strategies based on the 
improvement of oxygen transfer from the gas to the 
liquid phase are key to optimize the complete 
oxidation of H2S to sulfate. In this sense, coupling such 
powerful tools as modelling and simulation of a 
desulfurizing system to control strategies  haves a 
great importance. 

 
 
Research topics 
 
̄Biological hydrogen sulfide elimination in BTF’s. 
̄Modelization and application  of control strategies for a lab 
scale biotrickling plant for biogas desulfurization 
̄Study of the long therm-effect of  H2S concentration 
fluctuation  on BTF for H2S removal. 
 

Challenges 
 
Once the model describes properly H2S removal, 
intermediate and end products of biogas desulfurization 
process. The next step is to couple modelling and 
simulation of biogas desulfurization to control strategies. 
 
 The objective of the strategies would be to search the 
enhancement of the desulfurization process without 
diminish biogas calorific power, e.g. due to a increase in the 
air supply flow. Strategies based on the control of the 
Trickling Liquid Velocity (TLV) are going to be studied. 

Figure 2. Experimental (dot) and modeled (lines) 
 H2S concentration profile along BTF bed (left) and  
sulfate (right) for different H2S Loading rates  
 

Student:Luis R. López 
Supervisor: David Gabriel 

 
 
Figure 1. Lab scale  biotrickling filter for biogas 
desulfurization discretization 
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Kinetic and stoichiometric 
characterization of SOB under 
aerobic conditions Mabel Mora, PhD 

MariaIsabel.Mora@uab.cat 

Motivations 
To describe biogas desulfurization in an aerobic 
biotrickling filter, the kinetic and stoichiometric 
characterization of the biomass immobilized on its 
packing material is essential. The characterization of 
different types of biomass has been successfully 
performed through LFS respirometric techniques due 
to the high sensitivity associated to dissolved oxygen 
monitoring (Spanjers et al., 1996). The main 
disadvantage to apply this technique with S-oxidizing 
biomass obtained from a BTF is that it is not physically 
suspended in a liquid phase. Therefore, the biomass 
growth yield, as well as the biomass concentration, 
sulfide oxidation mechanisms and desulfurizing 
activity, is difficult to obtain. Moreover, the kinetic 
description of sulfide oxidation is not that obvious. In 
fact, many authors have reported the characterization 
of suspended SOB but there is not a clear agreement 
about the kinetics describing sulfide oxidation and 
elemental sulfur production and consumption. 

Challenges 
The main objective of this research was to apply the LFS 
respirometric technique in order to perform the 
characterization of aerobic biomass obtained from a 
desulfurizing biotrickling filter. To increase the knowledge, 
the oxidation mechanisms were studied besides the 
stoichiometry solved and kinetics estimated. It was also 
interesting to study the chemical oxidation of sulfide in the 
presence of oxygen which has been reported as a very 
reactive species even in the absence of catalyzers. 
Moreover, since model parameters and some degradation 
mechanisms are specific of each culture, the 
pyrosequencing technique was applied in order to know 
more about the bacterial diversity of the biomass.  

Student: Mabel Mora 
Supervisors:  David Gabriel,  Xavier Gamisans 

Fig. 2. Mechanisms proposed to describe biological sulfide 
oxidation   
 

Fig. 1. Respirogram obtained from sulfide oxidation 
characterization through LFS respirometry 
application. Sulfide (), thiosulfate (), sulfate (), 
dissolved oxygen (solid line)   
 

Research Topics 
- Application of LFS respirometric technique to study 

bio-oxidation mechanisms of sulfide, sulfur and other 
sulfur intermediates produced during the biological 
process. 

- Modeling of sulfur oxidation biokinetics under 
aerobic conditions. 

- Calculation of the stoichiometric coefficients of 
biological reactions. 

 

References 
Spanjers, H., Vanrolleghem, P., Olsson, G., Dold, P., 
1996. Respirometry in control of the activated sludge 
process. Water Sci. Technol. 34, 117-126. 
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Characterization and monitoring 
of biotrickling filters by FISH and 

454 tag-pyrosequencing 
Tercia.Diniz@uab.cat 
Tercia Diniz  Bezerra 

Motivations: Studying the ecology of microorganisms involved in bioremediation processes. In particular,  

the application of  high performance molecular biology techniques  to study the microbial diversity in biofilters. 

Figure 1. (a) Genomic DNA is isolated, fragmented, ligated to adapters and separated into single strands.(b) Fragments 
are bound to beads  and are isolated for  emulsion  PCR. (c) The amplification occurs within each droplet. (d)The beads 
with amplicons are deposited into wells of a fibre-optic slide. Smaller beads carrying immobilized enzymes required for 
sequencing reaction. (e) SEM of a portion of a fibre-optic slide. (f)  Individual nucleotides are flowed in sequence across the 
wells. Each incorporation of a nucleotide complementary to the template strand results in a chemiluminescent light signal 
recorded by the camera (Rothberg & Leamon, 2008) . This process generates an libray amplicons. The output format of 
this platform is SFF. After then, the reads of sequences are evaluated and data of diversity are calculated by 
bioinformatics tools . 

Student: Tércia Diniz Bezerra 
Suoervisor: David Gabriel 

Challenges: To study the diversity and 

dynamics of bacterial communities involved in 
processes of aerobic and anoxic biofiltration of 
ammonia and hydrogen sulfide. The main 
methods applied for bacterial identification and 
analysis of population changes are tag-
Pyrosequencing of rDNA and  Fluorescence  in 
situ Hybridization (FISH) with rRNA-targeted 
olinucleotide probes (FIG2.). In addition we use 
the  scanning eletronic microscopy (SEM)  in the 
analysis of the biofilm structure. 
 

The main objective is to evaluate the ability of the 
Roche 454 platform to generate data of microbial 
diversity that can be used to help in the assessment of  
the performance of a biotrickling biofilter (BTF). 
At the same time it is intended to evaluate whether this 
technique can be applied  to routinely monitor the 
micro-ecology of the BTF. Specifically to evaluate its 
usefulness to demonstrate the effects of certain abiotic 
factors in the composition of the bacterial community; 
for example: pH and concentration of H2S and NH3 
under aerobic and anoxic conditions. 
 

454 Method 

Figure 2. Pictures of a biofilm taken from a BTF: (left) 
SEM and (right) confocal microscopy  by FISH. 

References : Rothberg, J. M., & Leamon, J. 

H. (2008). The development and impact of 454 
sequencing. Nature biotechnology, 26(10), 1117-
1124. 
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Removal of high loads of NH3 
in biotrickling filters 

Motivations 

Figure 1. Schematic and picture of the  pilot-scale biotrickling filter for the treatment  of high-loads of NH3 

Student: Enric Blázquez 
Supervisors: David Gabriel, Javier Lafuente 

There are many industrial processes that produce gaseous effluents with high concentrations of nitrogen 
compounds, mainly ammonia (NH3) and may contain traces of organic compounds which require treatment 
before release into the atmosphere. This is the case for example of the gases produced in facilities  for waste 
composting on farms or cattle farming. In these cases, the ammonia is not only a compound that must be 
removed for health reasons, but also for technical reasons (to allow biological treatment facilities  to operate 
satisfactorily) and environmental reasons (combustion generated oxides nitrogen). In these facilities, the 
concentrations of ammonia can easily raise up to 0.01 and 1% (from 100 to 10,000 ppmv) and taking into 
account the air flow ventilation installations, loads can exceed 100-150 g NH3 / m3h. Consequently, the 
treatment of these gaseous streams is now essential before being emitted into the atmosphere. 

Goal 
The project aims to achieve a global objective  that is the validation of a pilot-scale biological process that 
serves as an alternative to traditional chemical processes based on chemical gas scrubbers for treating 
gaseous effluents containing high loads of ammonia 

Challenges 

- To determine the maximum elimination capacity and inhibition limits  
- To overcome startup problems due to the accumulation of ammonia 
- To develop monitoring tools to measure NH3 at concentration above 0.1% 
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Enric.blazquez@uab.cat 

Enric Blázquez 
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Main research areas 

Characterization and 
biofiltration of gas effluents 
 
Odours from industrial facilities are a mixture of a 
large list of simple and complex volatile, organic 
and inorganic compounds that produce a 
physiological response in the pituitary gland. We 
measure odour by dynamic olfactometry while 
the inventory of the compounds of gas samples is 
assessed by TD-GC/MS.   

Also, Green House Gases (GHG) such as methane and nitrous oxide from a range of sources  
are characterized to either assess the carbon footprint of different processes and to 
determine operational strategies for emissions reduction and/or treatment. 
 
Overall we are able to run complete characterization of waste gases from a variety of 
industrial sites such as composting piles, biofilters, WWTPs, Municipal Solid Waste Treatment 
Facilities, sewer networks, etc.  We have a large expertise in biofiltration of odorous effluents 
by seeking new packing materials and the optimization of the operational conditions of 
biofilters to maximize the removal of pollutants.  

2014 topics 
1) Characterization and treatment of waste gas emissions at semi-industrial and 

industrial MBT facilities 
2) Quantification of Methane, Nitrous Oxide and Hydrogen Sulphide in Municipal 

Sewer Networks (in collaboration with Sostenipra) 
3) Nitrous oxide (N2O) emissions by an aerobic reactor from an A2/O pilot plant 

 
 

 

Leading researchers 

David Gabriel Buguña – david.gabriel@uab.cat  
Javier Lafuente Sancho – javier.lafuente@uab.cat 
Juan Antonio Baeza – juanantonio.baeza@uab.cat 
María Eugenia Suárez-Ojeda – mariaeugenia.suarez@uab.cat 
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Characterization and treatment of waste 
gas emissions at semi-industrial and 

industrial MBT facilities 

joan.colon@uab.cat 

Joan Colón Jordà, PhD 

Challenges 
• Provide a full and reliable inventory of VOCs and 

odours at different locations (reception warehouse, 
metanization area…) at full-scale MBT facilities. 

• Optimize the air renewal rate taking into account the 
odour and the gas concentration measurements. 

• Minimize the electricity consumption in selected 
areas. 

Figure 1. a) gas treatment pilot plant and b) biofilter 
odor sampling 

Postdoc: Joan Colón Jordà 
Supervisor: David Gabriel 

Motivations 
The management of municipal solid wastes is becoming a global problem. During processing of solid wastes, 
generation of gases with complex mixtures of compounds creates odour concerns and environmental issues. The 
main goal of this project is to optimize the performance of gas treatment systems and provide a full and reliable 
inventory of VOCs, odours and other gases at full-scale MBT facilities. 
 

Semi-industrial pilot plant Full-scale MBT facilities 

Pilot plant description 
A semi-industrial pilot plant has been built in order 
to optimize the biofiltration performance of exhaust 
gases from composting tunnels. The pilot plant 
consists of:  
 
Chemical Treatment 
The chemical treatment with an acid and a basic 
scrubber  
 
Biological Treatment 
The biological treatment consist of two parallel 
biofilters of  17 m2 each one. 
 

Challenges 
• Optimize the H2SO4 consumption in the acid 

scrubber. 
• Compare the VOCs removal efficiencies of 

different packing materials (pine bark, black 
poplar…). 

• Optimize the biofilter performance (loading rate, 
gas retention time, irrigation control…).  

• Acid scrubber conversion to a new biotrickling 
filter configuration. 

Figure 2. 48 h VOCs profile in a composting area 
 

Figure 3. VOCs families distribution for all 
compounds identified qualitatively 
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Quantification of Methane, Nitrous 
Oxide and Hydrogen Sulphide in 

Municipal Sewer Networks Elena Eijo Río 
Elena.Eijo@uab.cat 

Motivations 

Of the entire urban water cycle, most attention has 
been placed on wastewater treatment plants (WWTPs) 
in terms of greenhouse gas (GHG) emissions. 
Nevertheless, sewer networks can be also a biological 
reactor that could lead to emissions of GHG such as 
CH4, and N2O, but also H2S (Figure 1). Few studies have 
paid attention to the simultaneous production of all of 
them in the sewer networks. Moreover, there is a high 
variability in the methodology used and in the 
sampling conditions.  

Student: Elena Eijo Río 
Supervisors: Maria Eugenia Suárez Ojeda and  

Gara Villalba and  Xavier Gabarell from 
SosteniPra group 

Research Topics 

• Determination of the pathways involved in CH4, H2S 
and N2O formation in sewers. 

• Quantification of these emissions in the sewer 
network of Badalona. 

• Environmental assessment of gaseous emissions in 
sewers over the water cycle by using Life Cycle 
Assessment (LCA). 

References 
• Guisasola A. et al (2009), Development of a model for assessing methane formation in rising main sewers. Water 

Research 43:2874-2884 
• Gutierrez O. et al (2014), Assessment of pH shock as a method for controlling sulfide and methane formation in 

pressure main sewer systems. Water Research 48:569-578 
• Short MD et al (2014), Municipal gravity sewers: An unrecognized source of nitrous oxide. Science of the Total 

Environment 468-469:211-218. 

Challenges 

• To perform sampling campaigns (Figure 2) to 
quantify the emissions, to obtain data for 
mathematical model calibration and to identify the 
hotspots of the network 

• To study gas formation in different sewer elements in 
Badalona. 

• To integrate direct emissions in the LCA of sewer 
networks to highlight they contribution to  the entire 
water cycle.  

Figure 2. GHG analyser (Left). Hydrogen sulphide 
measurement and a sampling site example (Right). 

Figure 1. Production of CH4, H2S and N2O in sewer pipes  
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Nitrous oxide (N2O) emissions by 
an aerobic reactor from an A2/O 

pilot plant 
Enric.blazquez@uab.cat 

Enric Blázquez 

Motivations 
Nitrous oxide is an important greenhouse gas 
that can be produced and emitted from 
wastewater treatment systems, during the 
biological nitrogen removal (BNR). The emission 
of nitrous oxide is associated with either 
autotrophic nitrification or heterotrophic 
denitrification. The triggers of its production are 
related to the concentration of oxygen, nitrite, 
nitrification intermediates, inhibition of AOB, etc. 
but may there are other parameters that can 
influence on the increase of N2O emissions. pH is 
one of these parameters that has been observed 
that has influence on the nitrous oxide emissions, 
but has been low studied due to, in wastewater 
treatment plants, pH is usually between 7 and 8, 
thus, its effect seems minor. 

Challenges 
The aim of this study was to evaluate N2O 
production by sludge from an A2/O pilot plant 
under aerobic conditions. This study pretended to 
show the influence of pH on N2O emissions by 
AOB during nitrification that could include 
hydroxylamine oxidation and nitrifier 
denitrification.  

Student: Enric Blázquez 
Supervisors: Albert Guisasola, Juan 

Antonio Baeza 
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Fig. 1: Mechanisms of N2O production in biological 
wastewater treatment under nitrifying and denitrifying 
conditions (Wunderlin et al., 2012). 
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Research Topics 
- Nitrogen removal in urban wastewater 

treatment plants. 
- Greenhouse gases emissions during biological 

nutrients removal in wastewater treatment 
systems. 

- Operation of an A2/O pilot plant. 



Main research areas 

In this theme we study different strategies 
to treat industrial wastewater contaminated 
with toxic or recalcitrant compounds and 
nutrients by using advanced biological 
treatments (granular biomass for example), 
chemical oxidation processes or combined 
sequential chemical and biological 
processes. Despite all the processes 
available for the treatment of industrial 
wastewater, it is still a difficult task to select 
a single treatment option for these 
wastewaters.  

The selection of the most appropriate treatment depends on several challenging factors: the 
presence of nutrients, the nature and the concentration of the recalcitrant compounds and 
the transient or continuous presence of these compounds in industrial wastewaters. In 
addition, the load applied to the treatment plays an important role with regard to the 
technic, economic and environmental performance of the proposed treatment. 
 

Industrial wastewater treatment 

2014 topics 
1) Fully Biological Process To Treat Complex Toxic/Recalcitrant Wastewaters 
 

Leading researchers 
Julián Carrera Muyo – julian.carrera@uab.cat 
María Eugenia Suárez-Ojeda – mariaeugenia.suarez@uab.cat 
Julio Pérez Cañestro – julio.perez@uab.cat 
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Fully Biological Process To Treat 
Complex Toxic/Recalcitrant 
Wastewaters 

carlosantonio.ramos@uab.cat 

Carlos Ramos 

Motivations 
Chemical industries produce large volume of 
wastewaters composed by high concentration of 
inorganic compounds (such as salts), nitrogen 
(mainly ammonia) and high variety and 
concentration of toxic/recalcitrant organic 
compounds (such as phenols, poly-cyclic aromatics 
and other hydrocarbons). Today, the treatment of 
these wastewater is not completely solved, given 
the fact the applied physic-chemical processes are 
energetically demanding, may not achieve 
complete pollutant removal and highly toxic by-
products can be obtained. In contrast, biological 
processes are more environmental friendly and 
could achieve complete pollutant removal. 
However, conventional biological systems (like 
activated sludge processes) are very sensitive to 
process perturbations and low loading rates has to 
be applied. 
Therefore, new biotechnological processes are 
required. One promising option is to use granular 
biomass, because it can cope the problems 
associated to conventional biological wastewater 
treatment processes.  

Challenges 
The aim of the overall project is to treat a complex 
wastewater composed by several phenolic compounds, 
salts and ammonium using a full biological process, 
composed by two steps (see figure 1). First, a granular 
airlift reactor to simultaneously perform partial 
nitrification and biodegradation of the phenolic 
compounds. The second step is an UASB reactor to 
denitrify the nitrite produced in the previous step, using 
phenol as the sole carbon source. The main challenge is 
to obtain a granular reactor with specialized biomass to 
perform a process with high stability and performance 
efficiency. Previously, the proposed system had been 
evaluated satisfactorily with a synthetic wastewater. 
Currently, the reactors are properly treating an industrial 
wastewater.  

Student: Carlos Ramos 
Supervisor: Julián Carrera 

(A) (B) 

Figure 1. Proposed biological treatment system. (A) 
Granular airlift reactor: partial nitrification and 
biodegradation of toxic/recalcitrant organic compounds 
and (B) UASB reactor: heterotrophic denitrification via 
nitrite using toxic/recalcitrant organic compounds as the 
only carbon source.  
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Main research areas 

Recovery of Biopolymers 
 

The new generation of wastewater treatment facilities should include the recovery of 
resources as value added products. In this sense, this theme proposes the production of 
biopolymers (polyhydroxyalkanoates-PHA- or exopolymeric substances-EPS-) in parallel to 
the biotreatment of wastewater.  

PHAs have properties similar to 
polyethylene and polypropylene 
and the large number of 
copolymers available opens the 
potential of synthesising 
biopolymers with tailored 
properties.  So far, we are working 
in the enrichment of mixed 
populations able to meet two 
objectives, elimination of 
pollutants and production of 
biopolymers. Also, we are working 
in optimising the recovery process 
of the biopolymers from the 
biomass. 

2014 topics 
1)  Production of biopolymers by mixed cultures used in wastewater treatment  

Leading researchers 

María Eugenia Suárez-Ojeda – mariaeugenia.suarez@uab.cat 
Juan Antonio Baeza – juanantonio.baeza@uab.cat 
Julián Carrera Muyo – julian.carrera@uab.cat 
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Production of biopolymers by 
mixed cultures used in 
wastewater treatment Gabriela Montiel Jarillo 

Gabriela.Montiel@uab.cat 

Motivations 
Polyhydroxyalkanoates (PHAs) represents a very 
interesting group of biodegradable polyesters as they 
are naturally synthesized and accumulated inside 
bacteria cells following different production pathways 
(Fig 1). Nowadays, commercial production of PHAs is 
expensive due to the use of pure cultures or  
genetically modified bacteria.  
Mixed microbial cultures are able to store PHA as 
carbon and energy storage material and comparing its 
production with pure cultures, PHA production by 
mixed cultures improves  not only the costs, but also 
simplifies the process  operation. 

Student: Gabriela Montiel Jarillo 
Supervisor: María Eugenia Suárez-Ojeda 

Fig. 1. PHA production pathway in Feast/famine 
conditions (Salehizadeh, H., Van Loosedrecht, M.C.M., 

2004) 
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Research Topics 
- Microbial production of biopolymers using mixed 

cultures from wastewater treatment. 
- Study of the effects of substrate composition, 

feeding regime and nutrients concentration on 
biopolymers production capacity and composition. 

References 
Morgan-Sagastume, F., et al. (PHA) production from sludge and municipal wastewater treatment. Water Science and 
Technology, 69.1 (2014) 177-184 
Salehizadeh, H., Van Loosedrecht, M.C.M. Production of polyhydroxyalkanoates by mixed culture: recent trends an 
biotechnological importance. Biotechnological Advances, 22 (2004) 261-279. 
Shang-Tian, Y. Bioprocessing for value-added products from renewable resources. Chapter 23: Microbial Production of 
Bioplastics from Renewable Resources. Pg. 585-610. Elsevier, 2007. 

Challenges 
The aim of this project is to generate biopolymers as 
value-added product from wastewater treatment. The 
challenge is to develop a functional consortium from 
mixed cultures able to treat wastewater and, at the same 
time, to accumulate PHAs. Therefore, we propose the 
use of batch reactors (Fig. 2) working on aerobic 
conditions to produce PHA and degrade wastewater 
COD.  

Fig. 2. Pictures of the two SBR reactors that will be 
used to develop specific biomass 

During the first phase of the investigation, a SBR was 
started up for PHA accumulation under aerobic dynamic 
feeding (ADF) conditions and pH effect was assessed. In 
specific accumulation experiments bacteria exhibited a 
PHA accumulation capability at pH 8.5 of 30% of sludge 
dry weight, table 1 summarizes the results at diffenret 
pH. Also specific acetate uptake rate was shown to be 
affected by pH, being faster at pH 8.5 (185 mgCOD g 
non-polymeric biomass(COD)-1 h-1).  

Table 1.  PHA production during accumulation experiments 



Main research areas 

2014 topics 
1) Improving nutrient removal efficiency in WWTPs and scaling-up bioelectrochemical 
systems for hydrogen production  
2) Two-Stage Autotrophic N-remoVal for maINstream sewaGe trEatment (SAVING-E) 
3) Redirecting  enhanced biological phosphorus removal (EBPR) towards retrieval of 
resources  
 

Leading researchers 
Juan Antonio Baeza Labat – juanantonio.baeza@uab.cat 
Albert Guisasola Canudas – albert.guisasola@uab.cat 
Julián Carrera Muyo – julian.carrera@uab.cat 
Julio Pérez Cañestro – julio.perez@uab.cat 
María Eugenia Suárez-Ojeda – mariaeugenia.suarez@uab.cat 

Municipal wastewater treatment was the 
first research line developed at GENOCOV. 
The first studies were related to the 
experimental evaluation of configurations 
for organic matter, nitrogen and 
phosphorus removal and hence we have 
twenty years of experience in nitrification, 
denitrification and Enhanced Biological 
Phosphorus Removal (EBPR). In addition, 
we have developed configurations and 
control systems for achieving stable 
partial nitrification since 2003.  

Urban wastewater treatment 

Current projects are focused in performing a deep redesign of conventional WWTP, 
transforming these plants into resource recovery hubs with lower energy requirements than 
conventional processes. Modelling and control techniques are a great expertise of the 
research group that is widely applied in all of our projects. We are currently studying the 
utilization of new carbon sources for EBPR, recovery of biopolymers as 
polyhydroxyalkanoates, the combination of EBPR with recovery of phosphorus as chemical 
precipitate (as struvite), mainstream implementation of Anammox for nitrogen removal and 
increasing methane recovery during anaerobic digestion (biogas upgrading). 
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Improving nutrient removal efficiency 
in WWTPs and scaling-up 

bioelectrochemical systems for 
hydrogen production  

   
Franciscojavier.guerrero@uab.cat 

Javier Guerrero,PhD 

Motivations 
Biological nutrient removal (BNR) is considered the 
most economical and sustainable technology to meet 
the increasingly stricter discharge requirements in 
wastewater treatment. However, many WWTP do not 
satisfy these requirements due to failures in the BNR 
processes. One example of such failures is the 
interaction between enhanced biological phosphorus 
removal (EPBR) and biological nitrogen removal. The 
development of optimised advanced control 
strategies or the utilization of different by-products 
(crude glycerol from biodiesel production) are some 
promising alternatives to improve and ensure efficient 
nutrient removal in WWTPs. 

PostDoc Javier Guerrero 
Supervisor: Albert Guisasola, Juan Antonio Baeza 

Research challenges 
• Study of the role of the nature of carbon source on 
EBPR failure due to nitrate presence. 
• Design of novel control strategies to improve BNR 
process: simulating studies and experimental pilot 
plant validation. 
• Multi-criteria selection of optimum WWTP control 
strategies. 
• Study of alternative carbon sources as external 
addition for wastewaters with carbon shortage: 
methanol and crude glycerol (biodiesel by-product) 
• Benchmark evaluation of different model 
approaches to describe BNR process. 

NUTRIENT REMOVAL 

Figure 1. Advanced novel control loop set-up in pilot 
plant for nutrient removal optimisation. 
 

BIO – H2 production 

Motivations 
Wastewater removal process is highly energetically 
and economically demanding. However most of the 
pollutants treated in WWTPs contain an important 
amount of internal energy that must be taken into 
account. Hence, the development new technologies to 
recover part of this internal energy is nowadays a hot 
research topic. The MEC (Microbial Electrolysis Cells)  
systems are an example of such innovative technology 
that can recover part pollutants energy as hydrogen. 
In the last 4 years, several promising results have been 
obtained in our research group at lab scale that make 
possible the next step:  the scaling-up of MEC 
technology. 
 

Research challenges 
• Full-scale viability demonstration of a innovative 
MEC prototype. 
•  Implementation of  the improvements obtained at 
lab-scale in this new prototype (ex. pH control). 
•Optimisation of full-scale MEC operation in terms of 
maximizing H2 production from wastewater removal. 
•Stability demonstration of long-term  operation. 

  

Figure 2. Scheme of the preliminary design for a MEC 
(cassette type).  
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Two-Stage Autotrophic  
N-remoVal for maINstream 
sewaGe trEatment (SAVING-E) 

clara.reino@uab.cat 
Clara Reino Sánchez 

Motivations 
Urban Waste Water Treatment Plants (WWTP) are very energy-demanding facilities, mainly due 
to the high aeration costs needed for the nitrification and to the organic matter addition needed 
for the heterotrophic denitrification. 
The implementation of autotrophic biological nitrogen removal (BNR) in the main stream of an 
urban WWTP reduces operating costs and can even make the process a net producer of energy. 
When autotrophic BNR is implemented, aeration costs are reduced because of the lower oxygen 
requirements of this process compared to conventional nitrification-denitrification treatment; 
and furthermore, biogas production is increased since most of the organic matter will be 
converted to biogas in the anaerobic digestion process, with the consequent energy recovery. 

Challenges 
The autotrophic BNR has been successfully 
implemented at industrial scale in the 
treatment of reject water from anaerobic 
digesters but it has not been successfully 
applied to the main stream of an urban 
WWTP. The main problem appears in one-
stage systems (partial nitrification and 
anammox in one single reactor), where 
partial nitrification can not be steadily 
maintained at low temperature. 
 
The aim of this study is to design and 
optimize a two-stage system operated in 
continuous as an alternative for a better 
implementation of autotrophic BNR in the 
mainstream of an urban WWTP.  
 
We propose a first airlift granular reactor 
where ammonium is partially oxidized, and 
a second anoxic granular reactor where 
anammox process takes place. This system 
must be able to operate in a stable and 
continuous way for long periods of time 
treating real urban wastewater at low 
temperature. 

Student: Clara Reino Sánchez 
Supervisor: Julian Carrera Muyo 

Research Topics 
- Autotrophic nitrogen removal in urban 

wastewater treatment plants. 
- Partial nitrification and Anammox 

denitrification. 
- Study of the microorganisms involved in the 

autotrophic biological nitrogen removal 

Figure 1. UASB 
Anammox 
Reactor (left) and 
Partial 
Nitrification 
Airlift Reactor 
(right) 
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Carlos Chan Pacheco 

Motivations 

The concern with water quality problems worldwide has led to the improvement of wastewater 

treatment processes, such as the enhanced biological phosphorus from wastewater . Phosphorus 

is an essential nutrient for the living, however, the excess of phosphorus in water systems promote 

the proliferation of algae and others problems. Also the recent increases in global phosphorus cots, 

together with water discharge regulations, make phosphorus recovery from wastewater 

economically and environmentally attractive. Has been made several experiments about Bio-P 

removal, however, that Bio-P removal processes have been operated at medium to long solids 

retention times (normally between 10-20 days), which increases the energy consumption; so it is 

important to develop a process with efficient energy consumption for phosphorus removal from 

wastewater through operation at an solid retention time (SRT) of less tan 5 days. 

 

 
 

 
 
Challenges 
 

One of the new challenges of our society is 
to move the focus from nutrient removal to 
nutrient recovery, such as P. P sources are 
going to be limited according to its current 
extraction rate. P recovery is already 
conducted in Wastewater Treatment Plant 
(WWTP). However it is important to find 
alternatives to increase P-recovery 
performance while lowering the plant 
energetic needs.  
Therefore the aims of this study are: to  
optimize a novel configuration for the 
recovery of P, to obtain effluents with  very 
low nutrient concentration, sludge 
production reduction and  achieve a Bio-P 
removal in the SBR with short  SRT (less 
than 5 days) 
This project proposes to recover of P from 
water line after an anaerobic reactor and a 
settling process but with alternatives to 
increase P-recovery performance while 
lowering the use of energy. 
 
 
 

Student: Carlos Chan Pacheco 
Supervisor: Juan Baeza Labat 

 
Research Topics 
 

- Enhanced Biological Phosphorus Removal 
(EBPR)  

- P recovery as struvite (NH4MgPO4.6H2O) 
- EBPR operating at  an SRT less than 5 days 
 

 

Figure 1. EBPR –SBRs Pilot plant 
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Redirecting  enhanced biological 

phosphorus removal (EBPR) 

towards retrieval of resources  carlosroberto.chan@uab.cat 



Main research areas 

 
Bioelectrochemical systems combine the 
metabolism of exoelectrogenic bacteria with 
electrochemistry. This is an emerging field and 
as such, high efforts in fundamental research are 
needed in order to optimise these systems at lab 
scale. The main focus of our group is to valorise 
industrial wastewater for hydrogen production.  
 
The main research topics studied are 
 - Efficient selection and survival of 
exoelectrogens from anaerobic sludge 
- Optimal cell configuration and operation to 
minimise internal resistance and, thus, the cell 
efficiency 
- Understand, monitor and model the role of 
fermenters and H2-scavengers   

Fundamentals of bioelectrochemical systems  

2014 topics 
1) Microbiological Analysis of Anaerobic Biofilms in Bioelectrochemical Systems 

Leading researchers 

Albert Guisasola Canudas – Albert.Guisasola@uab.cat 
Juan Antonio Baeza Labat – JuanAntonio.Baeza@uab.cat 
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Microbiological Analysis of 
Anaerobic Biofilms in 

Bioelectrochemical Systems 
laura.rago@uab.cat 

Laura Rago 

Motivations 
The need of renewable energy resources is an 
important focus of current research. Hydrogen gas (H2) 
is a preferred alternative energy source since it is a 
clean and renewable energy carrier. 
H2 production in bioelectrochemical systems is 
conducted in devices known as microbial electrolysis 
cells (MECs). MECs use the particular biochemical 
pathway of a group of bacteria named exoelectrogens, 
which are able to transfer the electrons gained in their 
metabolism out of the cell and use a solid as electron 
acceptor. These electrons flow from the anode to the 
cathode where they react with protons to produce H2. 
Methanogens competing against the exoelectrogens 
for the same substrate or using the H2 produced in the 
cathode is one of the most important reported failures 
of MEC. Also the homoacetogens bacterias using the 
H2 to produce acetate. 

Challenges 
• To inhibit methanogenesis and homoacetogenesis bacteria in order to improve the efficiency of MEC systems 
• To use advanced microbiological tools to characterize microbial community 
• To produce energy and hydrogen using different feeding sources (like acetate or whey) and different pH condition 

Student: Laura Rago 
Supervisors: Juan A. Baeza, Albert Guisasola  

Research Topics 
 Microbial characterization of the biomass 

in the MEC using rtPCR, 16S DNA 
Pyrosequencing and microscopy 

 Inhibition of methanogenesis and 
homoacetogenesis 

 Hydrogen production  from dairy 
wastewater and whey 

 Hydrogen production under basic 
condition 

Figure 2. SEM images of anode biofilms. 
White square represent the zone that is 
magnified in image B. 

A B 

Anode Bacteria 

Figure 1. Pyrosequencing results of bacterial 
communities of MEC anode. 

25 

Recent works 
1. New inoculum and media were used to 

produce hydrogen under basic condition (pH:9) 
 No methane was produced in long-term 

without the use of inhibitors 
 

2. Bacterial consortium were generated using 
anode respiring bacteria, anaerobic sludge and 
whey 

 Energy and hydrogen were produced like in fed-
acetate MECs 



Main research areas 

 
While bioelectrochemical systems give 
reasonably good response at lab-scale under 
well-controlled environments, the scale-up is 
certainly a major and difficult task due to the 
nature of these cells. The main focus in this 
research line is to overcome the existing 
hurdles  from lab to real-scale  
 

Scaling-up bioelectrochemical systems  

The main research topics studied are 
- Efficient full-scale and economic configurations 
- Utilisation of real wastewater for bioelectrochemical hydrogen production 
- Understand, monitor and model full-scale bioelectrochemical systems 
- Study the long-term effect of operational parameters under real conditions 

2014 topics 
1) Enhancing operation of Microbial Electrolysis Cells for Hydrogen production 
2) Hydrogen Production in Single Chamber Microbial Electrolysis Cells from Wastewater: 

Studies towards Scaling-up 
 

Leading researchers 

Albert Guisasola Canudas – albert.guisasola@uab.cat 
Juan Antonio Baeza Labat – JuanAntonio.Baeza@uab.cat 
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Enhancing operation of Microbial 
Electrolysis Cells for Hydrogen 
production 

yolanda.ruiz@uab.cat 

Yolanda Ruiz 

 
Motivations 
Hydrogen is a clean energy carrier and a very 
efficient fuel without an impact on the greenhouse 
gas emission at the point of use. Nowadays, most 
hydrogen is produced by steam 
reforming from hydrocarbons and for this reason, 
research is focused on the development of 
technologies for sustainable hydrogen production.  
Microbial electrolysis cells (MEC) (Fig. 1) are a 
novel technology which allows hydrogen 
production from organic substrates, thus not only 
generates energy, but also treats a residue. 
Hydrogen yields at laboratory scale are very high, 
however, there are still many obstacles which 
make scale‐up difficult. 
 
 

Challenges 
The aim of the PhD thesis is to overcome the main 
bottlenecks of MEC technology in view of scale-up. 
These are the presence of hydrogen scavengers 
and high internal resistances. The use of 
membranes in MEC can solve the first problem, 
however, membranes lead to a decrease of the 
energy efficiency of the cell. The main challenge is 
the development of a strategy that allows solving 
both problems together. 
 

Figure 1. Scheme of a MEC for hydrogen production.  
 

Student: Yolanda Ruiz 
Supervisors: Juan A. Baeza, Albert Guisasola 

 
Research topics 
 Operation of MEC with membranes in media 

with different buffering capacity. 
 Assessment of pH control as strategy for 

working with membranes without decreasing 
cell efficiency. 

 Start-up and operation of a pilot-scale MEC. 
 
 

Figure 2. MEC working with controlled pH 
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Hydrogen Production in Single 
Chamber Microbial Electrolysis 
Cells from Wastewater: Studies 

towards Scaling-up nmontpartplanell@gmail.com 
Núria Montpart, PhD 

Motivations 
 
The development of  renewable energies and the 
valorisation of residues are two challenges of the 
modern society. Microbial electrolysis cells (MEC)  
allow the production of value added compounds 
like hydrogen and the simultaneous degradation 
of organic matter contained in wastewater. 
Hydrogen is a clean energy vector and has higher 
combustion energy than other biofuels.  MEC have 
the potential to produce hydrogen with lower 
energy input than water electrolysis and 
compared to other technologies to produce 
hydrogen from waste, like dark fermentation, 
hydrogen yield is higher in MEC.   

Research conclusions 

Student: Núria Montpart 
Supervisors: Juan Antonio Baeza, Albert Guisasola 

Technological challenges 
 
Lab scale MEC have been proved to be a promising 
technology, but further scale up is constrained by 
the required energy input to drive the process. 
Research is addressed on the development of 
cheap catalysts  materials and reactor designs  and 
configurations that reduce the internal resistance 
of the system and thus the energy requirements. 
Single chamber MEC lack an ionic exchange 
membrane that isolate both the oxidation and the 
reduction reactions. As a result the internal 
resistance  of the system decreases.  
 

CO2 

(Electron 
acceptor) 

(Electron 
donor) 

ANODE CxHyOz e- 

e- 

Figure 1. Scheme of a microbial electrolysis cell for hydrogen 
production in single chamber configuration. Exoelectrogenic 
bacteria have the ability to use the anode as electron acceptor, 
which allows a current intensity flow and the reduction of 
protons to hydrogen on the cathode when a voltage is applied.   
 

∆V applied 

Figure 2. Cover of the thesis (defended in July 2014) and its 
Conclusions, where a combination of strategies were 
presented as a condition for the scaling-up of single 
chamber MEC.   

… and my research challenges  
• Enhance growth and activity of 
exoelectrogenic bacteria during inoculation 
• Decrease of voltage requirements by 
improving  inoculation and selection 
• Minimize methanogenic activity without 
addition of chemical inhibitors 
• Determine the opportunities of different 
wastewater 
• Implement low cost techniques for hydrogen 
monitoring 

Low hydrogen
retention time 
and low HRT

Substrates
with low
methanogenesis
capacity

Anodic biofilm 
electroactivity
and ability to
use complex

substrate

Decrease in 
operation

costs
Codegradation
of complex
substrates

Scaling-up 
single 

chamber
MEC

Scientific publications  
Montpart, N., Rago, L., Baeza, J.A., Guisasola, A., 2015. Hydrogen production in single 
chamber microbial electrolysis cells with different complex substrates. Water Res. 68, 601–
615. 
Montpart, N., Ribot-Llobet, E., Garlapati, V.K., Rago, L., Baeza, J.A., Guisasola, A., 2014. 
Methanol opportunities for electricity and hydrogen production in bioelectrochemical systems. 
Int. J. Hydrogen Energy 39, 770–777. 

ENOCOV

Research Group on Biological
Treatment of Liquid and Gas Effluents

28 



Main cross-topics 
29 

Over the years, the GENOCOV group has gained expertise in several transversal topics that 
are commonly used to gain knowledge in every of the GENOCOV main research lines. Such 
cross-topics are:  
 

Development of process monitoring tools 
Process Modelling 
Molecular Biology Tools 
Process Control and Automation 
Electrochemical Analyses 
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Urban / industrial effluents. Nutrient 
removal. EBPR, Partial nitrification, 

Anammox.  

Combination of chemical + 
biological treatment. 

Bioaugmentation.  

Biofiltration for NH3 and VOCs 
removal.  

Conversion of chemical scrubbers 
into biofiltration units. 

Microbial Fuel / Electrolysis Cells.  
Biopolymers production. Struvite 

Recovery. 

Biotrickling filters for H2S removal. 



Main cross-topics 
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Development of process monitoring tools 
Monitoring of physic and chemical parameters and  biological activity is needed in any 
process to understand the interaction between microbial cultures and their environment. In 
addition to common instrumentation in most research labs, the GENOCOV group has 
developed several monitoring tools in the field of respirometry, titrimetry, flow injection 
analysis and microsensing.  
 

A range of batch respirometric and titrimetric assays both in aerobic and anoxic conditions 
are used to assess biological activity of the biomasses from our experimental setups, as well 
as, from full-scale systems. As example, we have developed well defined tests to assess the 
activity of nitrifying biomass, the biological phosphorus removal capacities and the 
desulfurizing activity of biological samples. Often, the tests are combined with modeling 
tools to assess, in addition to the biological activity, the biological mechanisms as well as 
kinetic and stoichiometric parameters related to a particular microbial culture. An example 
of one respirometric assay is in the following figure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flow techniques such as Continuous Flow Analysis (CFA) and Flow Injection Analysis (FIA) 
have been developed in the GENOCOV group over the years for on-line measurement of 
chemical parameters in our experimental rigs. Some examples are FIA systems for 
measurement of nitrate, nitrite and sulfide and CFA systems for hydrogen sulfide, ammonia 
and ammonium. Recently, the GENOCOV group is developing custom-made microsensors 
for monitoring key species inside biofilms or granular biomass. Most of such monitoring 
efforts have been developed in collaboration with the Department of Analytical Chemistry 
at UAB and with the National Center of Microelectronics (CNM). 
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Main cross-topics 
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Process modelling 
Models are a powerful tool for a wide range of applications such as predict performance, 
generate hypothesis, plan of new experiments, etc… The GENOCOV group has a long 
tradition in modelling biological systems in the field of urban and industrial wastewaters 
and modelling of multiphase reactors for waste gas treatment. 
 

In addition to Activated Sludge models (ASM), specific models are developed for our 
reactors, and particularly, in combination with the use of respirometric and titrimetric data 
to determine kinetic and stoichiometric parameters during the model calibration stage. 
Several hydraulic models have also been developed for modelling respirometric assays, for 
modelling packed bed-type reactors such as biofilters and biotrickling filters as well as for 
modelling granular systems such UASB reactors.  
 

MATLAB is the platform used as standard in the GENOCOV group for most of the modelling 
efforts as shown in the following figure. The utilization of MATLAB linked to the 
mathematical optimization expertise in the group, allows the fitting of complex models 
using practical and structural identifiability tools as the Fisher Information Matrix, the 
implementation of optimal experimental design techniques for an upgraded parameter 
estimation and the optimization of complex systems using benchmarking frameworks. 

Figure: Mathematical simulator developed in Matlab to simulate 
 the control of oxygen of a bioreactor 



Main cross-topics 
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Molecular biology tools  
Identification of the microorganisms responsible for doing the work in our systems, as well 
as, to follow-up the evolution of the microbial populations in our reactors are key issues that 
have been dealt within the GENOCOV group for many years. A range of tools have been 
used over the years such as cloning and sequencing, DGGE or TRFLP. However, the 
GENOCOV group has decanted towards the use of the Fluorescence in-situ hybridization 
(FISH) coupled to Confocal Laser Scanning Microscopy (CLSM) and, more recently, the 
pyrosequencing technique using the 454-Roche or Illumina MiSeq platforms as part of its 
day-to-day routine for assessing the microbial species evolution and diversity in our 
bioreactors. Taxonomic analyses at different levels (species, family, group…) provide in-
depth information for further correlation with bioreactor performance. Coupled to 
pyrosequencing, FISH probes are used for monitoring the evolution of target groups of 
microorganisms such as ammonium- and nitrite-oxidizing bacteria, anammox, phosphorus 
and glycogen accumulating microorganisms or sulfide-oxidizing bacteria, as well as other 
target species as shown in the following figure. In addition, automated methods for 
fluorescence imaging thresholding and quantification have been developed. 
 

General probe p-Nitrophenol 
 degraders 

Merged image Day 1 

Day 21 

Day 41 

Figure: FISH-CLSM images obtained for bioaugmentation experiment using 5% 
w/w of p-nitrophenol degraders 



Main cross-topics 
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Process automation and control 
Scale-up of any process developed at lab-scale needs of advanced Instrumentation, Control 
and Automation (ICA) to operate under continuous, variable conditions while performing in 
a robust, reliable way. The members of GENOCOV have been involved in ICA since 1994, 
when it was developed a multilayer monitoring and control system of WWTP with PLC for 
local control, three distributed computers with a SCADA for monitoring and process control, 
on-line analysers control and a supervisory expert system. Since that work, several on-line 
monitoring and control systems for different wastewater treatment processes have been 
designed and implemented as N/D and EBPR or partial nitrification systems based on on-
line OUR or ammonium measurements, both in continuous and in sequenced operation. 
  

The biological systems setups in the GENOCOV labs are currently automated using the 
Advanced Direct Digital Control (ADD-Control) software developed in the group with NI 
Labwindows or with a combination of industrial PLCs coupled to NI Labview software for 
process monitoring and supervisory control. The instrumentation and other automation 
devices are industrial equipment to easy the scale-up of our developments. Most pilot and 
lab-scale systems in our labs operate year-round to demonstrate the long-term 
performance of processes. Coupled to automation, the GENOCOV group has a large 
experience in developing and assessing the efficiency of control strategies for biological 
processes. The efforts have been directed towards Activated Sludge systems control to 
maximize nutrient removal coupled to minimal energy consumption. 
 

Figure: Scheme of a pilot plant and the instrumentation used for monitoring.  



Main cross-topics 
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Electrochemical analyses 
The group has a research line on bioelectrochemical system (BES). These systems are 
characterized using the advanced microbiological tools described above in addition to many 
useful techniques develop for characterizing, monitoring and understanding non-biological 
electrochemical systems. The application of these “conventional” electrochemical 
techniques is nowadays a hot topic in the recently-developed BES field. The referred 
electrochemical techniques are current interruption (CI), electrochemical impedance 
spectroscopy (EIS), cyclic voltammetry (CV) or differential pulse voltammetry (DPV). These 
techniques aim at identifying the BES limitations to improve their performance. Among 
them, the use of CV to acquire information about the electron transfer interactions between 
microorganisms and solid anodes EIS is used to understand and quantify the different 
resistances in a BES in order to upgrade its design. 
  

Figure: Screenshot of the software (AddControl) developed by GENOCOV and used for 

pilot plant  monitoring and control in most GENOCOV applications .  
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Project Title : Grupo de investigación de calidad. Pla de Recerca de Catalunya. 
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