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Research motivation

Climate 
change

Global warming
Increase of

sea level

Increased concentration
of CO2 in the atmosphere

Increased length
of dry periods

Forced 
geographic 

displacement

Wars

Decreased life expectancy

Melting of the
polar ice caps



¿How can we fight climate change effectively?

Circular economy: regenerative system in which resource input and waste, emission, and energy

leakage are minimized by slowing, closing, and narrowing material and energy loops.

(Geissdoerfer et al., 2017)

Replacing the current economic model based on “take-make-waste” for a model based on circular economy. 



Circular economy

Eliminate the use of fossil fuels

Carbon from fossil fuels

• Energy
• Raw materials for the Chemical industry

Renewable carbon sources 
• CO2 capture (large emissions and 
Atmospheric CO2)
• Plastic materials recycling
• Biomass 



Circular economy

Sources of renewable energy and renewable carbon

Source: http://nova-institute.eu/



Circular economy

Sources of renewable energy and renewable carbon

CO2 Direct Air Capture (CO2-DAC)

Source: http://nova-institute.eu/



CO2 Direct Air Capture (CO2 -DAC)

CO2 DAC: a range of technological solutions to extract CO2
from ambient air at any location on the planet 

(Beuttler et al., 2019)



Capture and bioconversion of CO2 from indoor 
environments
Sources of renewable carbon

Indoor CO2 represents a potential/unexplored source 

of renewable carbon



Sources of emission of CO2 in indoor environments
(civilian)

10

75% N2
13% O2
5%   CO2
6%   H2O
1%   VOCs

Human metabolism Combustion and tobacco smoke

Engine emissions/instrumentation Outdoor air infiltration



Sources of emission of CO2 in indoor environments
(non-civilian)

75% N2 13% O2
5%   CO2           6%   H2O
1%   VOCs

Consumer products / materials
Fuel and engines emissions
Analytical instrumentation emissions

Indoor air quality can be very 
poor in closed or semi-closed 
environments

Human metabolism



Representative indoor environments



Sources of CO2 emission in indoor 
environments



Case study

Case study: “The MICRO-BIO process” transforming 
indoor air pollutants into valuable compounds 



Capture and bioconversion of CO2 from indoor air:
“The MICRO-BIO process”

Circular Economy: 
Transform an indoor pollutant (Waste) into renewable carbon source (Resource) 



MICRO-BIO process: 
Learning from space applications 

2016-2020 project



Capture and bioconversion of CO2 from indoor air:
“The MICRO-BIO process”



“The MICRO-BIO process: CO2 Microconcentrator module”



Capture and bioconversion of CO2 from indoor air:
“The MICRO-BIO process”

School classrooms Office buildings Metro cabins



Capture and bioconversion of CO2 from indoor air:
“The MICRO-BIO process”

Parameter Scenario 

High school Office Metro cabin 

Room height 3 3.5 3 

Room length 8 8 20 

Room width 8 8 3 

Window size (m2) 2 2 1.2 

External wallsa 2 2 6 

Windows 2 1 6 

External temperature (°C) 10 10 10 

Required temperature (°C) 20 20 20 

Heating loss through walls (J/(sˑK·m2)) 1b 0.6b 1.45c 

Heating loss through windows (J/(sˑK·m2)) 2.5b 2b 5.8d 

Average CO2 concentration (ppm) 1750e 945f 3377g 

 1 

• # External walls
• # Window size
• External temperature
• Required temperature
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Microbial Electrosynthesis of biofuels

Microbial electrosynthesis reactors



Microbial Electrosynthesis Technology Module

Microbial electrosynthesis reactors
Parameter Scenario methane Scenario ethanol 

High 
school 

Office Metro 
cabin 

High 
school 

Office Metro 
cabin 

Fuel required for temperature 
control (kg/h) 

0.05 0.03 0.57 0.10 0.07 1.06 

CO2 required for fuel production 
(kg/h) 

0.15 0.10 1.61 0.19 0.13 2.03 

Cathode electrode required (m2) 9.4 6.3 102.6 233.0 157.1 2552.5 

Cell volume required (m3) 1.7 1.2 18.9 25.9 17.5 283.7 

Power consumed (kWh/d) 75.6 51.0 828.2 249.0 73.7 2726.6 

Electricity cost (€/d) 9.6 6.3 103.8 31.2 21.1 340.0 

 1 Smaller cathode size and smaller cell volume
is needed in the methane scenario when
compared to the ethanol scenario



“The MICRO-BIO process: CO2 Microconcentrator module”

Automated CO2 Microconcentrator prototype roadmap

1. Process design: 3D printed CO2 microconcentrator prototype

1.1. Optimization of adsorbent material

1.2. Prototype design for 3D printing

2. Prototype automation

2.1. Design of control loops (acquisition of instrumentation, coding)

2.2. Coupling of automation instrumentation with CO2 microconcentrator 

prototype



“The MICRO-BIO process: CO2 Microconcentrator module”

1. Process design: 3D printed CO2 microconcentrator prototype
1.1. Optimization of adsorbent material



“The MICRO-BIO process: CO2 Microconcentrator module”

1. Process design: 3D printed CO2 microconcentrator prototype
1.2. Prototype design for 3D printing



“The MICRO-BIO process: CO2 Microconcentrator module”



“The MICRO-BIO process: CO2 Microconcentrator module”

2. Prototype automation
2.1. Design of control loops (acquisition of instrumentation, coding)



“The MICRO-BIO process: CO2 Microconcentrator module”

2. Prototype automation
2.1. Design of control loops (acquisition of instrumentation, coding)



“The MICRO-BIO process: CO2 Microconcentrator module”

2.2. Coupling of automation instrumentation (control loops with instrumentation)



Preliminary results: Microbial Electrosynthesis Technology 
Module

Module 2 start-up: bioelectrochemical system for CH4 production



Preliminary results: Microbial Electrosynthesis Technology 
Module

Module 2 start-up: bioelectrochemical system for CH4 production



Preliminary results: Microbial Electrosynthesis Technology 
Module

Module 2 start-up: bioelectrochemical system for CH4 production

pH control to neutral
values helped to select
hydrogenotrophic
methanogens



Preliminary results: Microbial Electrosynthesis Technology 
Module

Module 2 start-up: bioelectrochemical system for CH4 production

Bioreactor managed
to recover after
electrode damage
(biofilm loss)



Preliminary results: Microbial Electrosynthesis Technology 
Module

Module 2 start-up: bioelectrochemical system for CH4 production

Methane productivity
was above maximum
rates reported in the
literature for similar
operating conditions
and cathode material



Summary

• The capture of CO2 from indoor environments stands as an unexplored source of renewable carbon,

but also as a strategy to improve indoor air quality.

• The combination of indoor CO2 Direct Air Capture (iCO2-DAC) and Microbial Electrosynthesis

Technologies stands as an environmentally friendly technological solution to minimize the climate

change effects.

• This technology would be suitable to be used within circular life support systems such as space missions,

helping to improve IAQ by handling IAPs and producing new starting materials for the crew.
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