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Context
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Current situation: 

- Many treatments are based on intensive energy-consuming unit processes

- Large energy/chemicals consumption: increased costs

- Based on non environmental friendly technologies 

- Biological systems: often relying on aerobic processes

- high substrate-biomass yields

- significant aeration costs

- Poor/nil materials/energy recovery
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Context
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- Circular economy and energy efficient processes
- Extensive Research and Innovation:

- Many developments in the removal of C, S, N, P (often targeted individually)
- Many biotechnological alternatives available at low-medium TRL

Objective: 

to exploit the integration of the C, N and S 

cycles in bioreactors to design optimal 

treatment trains to recover added-value 

products out of liquid and gaseous effluents 
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Project Objectives
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1. to investigate innovative biotechnologies and solutions 

allowing an improved integration of mass transfer and 

biodegradation rates

2. to investigate the potential of combining liquid and gaseous 

effluents treatment in optimal treatment trains reducing energy 

requirements, costs, environmental impact considering resources recovery
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Examples
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Use of oxidoreductive capacity of each cycle
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Ammonia removal from 
composting off-gases combined 
with S removal in biogas 
desulfurization

NOx and SOx absorption 
combined with oxidoreductive 
mechanisms of the S cycle for 
biosulfur recovery

SO2
S0

NO2
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Project Implementation
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Activity
assessment and 

process
monitoring

Molecular techniques, 
microbial community
characterisation and

bioinformatics

Data collection
of waste
streams

Engineering
mass transfer

and 
bioprocesses New 

bioreactors
(MBfR , MrBBR, gBS)

Novel unit processes 

(autotrophic denitrification, 
partial nitrification, sulfur 

recovery, multienzyme systems
for commodity chemicals...)

Decision
Support

Tool

Multicriteria database

Mathematical modelling

Which are the optimal innovative
technologies and the optimal

combination of  unit processes
to treat liquid and
gaseous efluents? 
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Main current activities
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-Construction of a database of characteristics of selected gaseous and liquid effluents

-Exploring mechanisms of autotrophic denitrification for the removal of sulfur and 
nitrogen pollutants in environmental matrices

-Development of mathematical models for SO-NR bioreactors and their interactions with 
reduced carbon compounds

-Study of microbial diversity of a range of bioreactors

-Life cycle analysis and life cycle costing of biosulfur recovery treatment trains



10

Project Outcomes
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After RECYCLES: reversing the actual situation

- Advanced treatments trains based on innovative biotechnologies

- Based on environmental friendly technologies 

- Less resources-consuming unit processes

- Reduced costs

- Potential recovery/production of energy and chemicals

- A decision tool and mathematical models that will help decision making
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