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LSS

25 ¢How can we fight climate change effectively?

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

Materias primas
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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)




R Cireular economy
e
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Circular economy
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Sources of renewable energy and renewable carbon
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Circular economy

LSS
e

Sources of renewable energy and renewable carbon

CO, Direct Air Capture (CO,-DAC)
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Al CO, Direct Air Capture (CO, -DAC)

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

(Beuttler et al., 2019)




B[\ Capture and bioconversion of CO, from indoor
& environments

Sources of renewable carbon

| Carbon sources Indoor environments

YOS ~‘ N
ﬁ & Cr';;: —l/> A [97_| School classrooms
22, CO, > 5000 ppm,
%RBON

HigEeA Office buildings
Bt T CO, > 1000 ppm,
= ‘ N ([T]([IQJ}[TP Metro cabin

3 CO, > 3000 ppm,

Biomass Recycling CCU Tech

RENEWABLE
TECHNOL

Sustainable Products

Fuels Chemicals Plastics and Materials

Indoor CO, represents a potential/unexplored source

of renewable carbon




gﬂ'h Sources of emission of CO, in indoor environments
o (civilian)
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41'5.\ Sources of emission of CO, in indoor environments

S o oge
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Representative indoor environments

School classrooms Offlce buﬂdmgs Metro cabins

Recommended value Recommended value Recommended value
1000-1500 ppm, < CO, 1000-1500 ppm, <CO,  1000-1500 ppm, < CO,

Average values Average values Average values
3200-5800 ppm, CO, 850-1300 ppm, CO, 650 and 5525 ppm, CO,

Indoor environments with low “air exch

rate” Bad Indoor

53 m;‘ Higher risk of bioaerosols | Air Quality
Wi ey transmission
: (COVID-19)




s Sources of CO, emission in indoor
. environments

Bus ride ends l
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High indoors CO, concentration —} BAD IAQ & high risk of infection
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= Case study
e

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

Microbial electrochemical

~1 , b Synthesis Module (MESM)

Micro- | ' : —
Bioreactors = Clean Air
Module (MBM)

Commodity \ -

chemicals e °

output ontaminate S

Air /

. CO, Microconcentrator
" Module (MCM)

Mari Sktodowska-Curie grant agreement No 101018274
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R Capture and bioconversion of CO, from indoor air:
o “The MICRO-BIO process”

T Microbial electrochemical
_ =t Synthesis Module (MESM)

Micro-
Bioreactors
Module (MBM)

Clean Air

Commodity
chemicals
output

Contaminated

A
Air /
Mari Sktodowska-Curie grant agreement Coz Microconcentrator
No 101018274 Module (MCM)

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




@dis | MICRO-BIO process:
& Learning from space applications

Microbioreactors for VOC’s Microconcentrator
VOC degradation

Clean Air
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14,000 pg/m3TVOC

Conta I11_I nated Outlet treated gas
Air and cell culture

o Duke
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ENGINEERING

Inlet cell culture
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VOC gas Cell culture
Slug flow in one channel

2016-2020 prOjeCt Dr. Marc Deshusses  Kelsey E. Deaton
Professor Graduate student
Duke University Duke University

Gas phase



il Capture and bioconversion of CO, from indoor air:

o “The MICRO-BIO process”
On-site use commodity chemicals
. Downstream processing
y ® Clean Air (purification)
& AR
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Indoor environment




ﬁ“\ “The MICRO-BIO process: CO, Microconcentrator module”

—

covip19e

Indoor Air

Clean air

: ¢ Indoor Air Stream(|| CO,)~ 800-5000 ppm,

CO, adsorption module

« CO,concentrated stream(111CO,) = 15 % CO, - 90%

E _ Treated/clean indoor/(free of COVID-19) and low CO, concentration

(1 CO,)= 0-100 ppm,

_ CO, to bioelectro synthesis
i tehcnology

Key operational parameters for the CO, Microconcentrator module

« CO,-MCM: Glass columns filled with a porous solid adsorbent material impregnated with
polyethylenimine (PEI)

- Adsorption material regeneration: CO, desorption cycles at mild temperatures (70-100 °C)1,

« Heat applied during desorption cycles helps to disactivate viruses such as CODI-19 if:

T> 75 2C,3 min. T> 65 2C, 5 min. T> 60 2C, 60 mins. @




,gﬂ'h. Capture and bioconversion of CO, from indoor air:
o “The MICRO-BIO process”

® Clean Air ® Commodity chemicals Methane
Down processing
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1 purification)
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gﬂ'h Capture and bioconversion of CO, from indoor air:
o “The MICRO-BIO process”

Cabin width
>

e # External walls
« # Window size
- External temperature

lr I Cabin height
Room height '8

Cabin length
Room'm m ° Required temperature :
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 (m?) 2 2 1.2
External walls? 2 2 6
Windows 2 1 6
External temperature (°C) 10 10 10
Required temperature (°C) 20 20 20




S Capture and bioconversion of CO, from indoor air:
o “The MICRO-BIO process”

Cabin width
>

« # External walls
Room height # WlndOW Size
- External temperature

[ll’ I Cabin height

[ g
fiz2=

Cabin length
Room'm m * Required temperature .
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 (m?) 2 2 1.2
External walls? 2 2 6
Nindow 5
Required temperature (°C 20 20 20
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P Microbial Electrosynthesis of biofuels

Microbial electrosynthesis reactors

o et [ 0 0+ 4 H 440
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ﬁf::‘ Microbial Electrosynthesis Technology Module

Microbial electrosynthesis reactors

Parameter Scenario methane Scenario ethanol
High Office Metro High Office Metro
school cabin school cabin
Fuel required for temperature 0.05 0.03 0.57 0.10 0.07 1.06
control (kg/h)
CO:2 required for fuel production 0.15 0.10 1.61 0.19 0.13 2.03
(ka/h)
Cathode electrode required (m?) 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
. ®C dity chemical
Smaller cathode size and smaller cell volume XA PHme g:ngﬁiijsfng
is needed in the methane scenario when ﬁ (C";il';ggﬁjgﬂﬂ’
compared to the ethanol scenario R
MESM I y
@ Autotrophic bacteria
@ Concentrated CO, I(-:l(z)
2

Stream (171CO,)




ﬁ“\ “The MICRO-BIO process: CO, Microconcentrator module”

Automated CO, Microconcentrator prototype roadmap

1. Process design: 3D printed CO, 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 CO, microconcentrator

prototype
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- “The MICRO-BIO process: CO, Microconcentrator module”

1. Process design: 3D printed CO, microconcentrator prototype

1.1. Optimization of adsorbent material

Amines
Main Support Material Acronym + Low Molecular Weight (LMW)
Fumed Silica FS Polyethylenimine (PEI)
High Molecular Weight (HMW)
Polyethylenimine (PEI)
Test Material code Support Material PEI MW (g/mol) PEI Loading (%)
1 Al Fumed Silica 800 20 10 ] R
2 A2 Fumed Silica 800 30 05 | .
3 A3 Fumed Silica 800 50
4 A4 Fumed Silica 800 70 0.6 | |
S .
5 A5 Fumed Silica 25,000 20 S o4
6 A6 Fumed Silica 25,000 30 Al dry
- 0.2 1 o A2 dry
7 A7 Fumed Silica 25,000 50 ]
] % * A3 dry
8 A8 Fumed Silica 25,000 70 0.0 Bmmmmm—
0 100 200 300 400
Time (min)

Characterization of breakthrough time and adsorption capacity to
select the best formulation (% FS, % PEI and type of PEIl)




“The MICRO-BIO process: CO, Microconcentrator module”

1. Process design: 3D printed CO, microconcentrator prototype

Integration of glass columns

1.2. Prototype design for 3D printing and 3D printed prototype
g ) . - Fabrication of  ‘= .
- _ of glass columns [ #FI8E: Integration w.
S | Automation
~ 5~ Final design [

i P i ﬁ ﬁ ‘4} |

5: printed protofype

Preliminary design

Start
02/2022

03/2022 07/2022 09/2022 10/2022
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= “The MICRO-BIO process: CO, Microconcentrator module”

2. Prototype automation

(s) ™
L™

R, PO RV
IT; VI |
@) ; (10) an| |e) 65,3 GSA4 @) GV,5
0|

GVl
e 651 G52

@) _.D_.;H: oL - Ll

GV,2 GV,3 5.4

GP2 753
GP3
4 fig))
" res & b

Main elements of the automated prototype

« Temperature, humidity and CO, microsensors (inlet and outlet)
« Automated air flow control (inlet and outlet)
« Temperature controlled heating of the prototype for CO, desorption

« Temperature controlled cooling for switching from desorption/adsorption cycle
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2> “The MICRO-BIO process: CO, Microconcentrator module”

2. Prototype automation

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

[” Integration w.

o prototype
¥

v v

Design of 3D printed
sensors case

Fabrication of 3D printed
sensors case

Instrumentation
acquisition:
microsensors

06/2022 07/2022

10/2022



“The MICRO-BIO process: CO, Microconcentrator module”

2. Prototype automation

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

Arduino CO, sensor

‘l =
3D model of CO, sensor case 3D model of sensors case e 9
SN

3D model of Arduino sensor 3D printed sensor case




;9“‘ “The MICRO-BIO process: CO, Microconcentrator module”

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

Prototype

=)

Integration

Automation
instrumentation

Single column test:

1 single column test, 1 g material x 1 column =1 g ~ 20,000 ppmv CO, (2 %) released
Prototype: expected results

4 columns prototype, 5 g material x 4 columns= 20 g ~ 400,000 ppmv CO, (40 %) released



4“\ Preliminary results: Microbial Electrosynthesis Technology
- Module
Module 2 start-up: bioelectrochemical system for CH, production

Research goal:
« To produce high purity CH, stream (90-95 % V/V)

CH, (90-95%)

"CH,(50-60%)
%2 B )

Flat plate BES 3D printed capillary
Cathode: carbon cloth channels
Anode: granular graphite Internal diameter = 1.1 mm

channel length=10 cm



Preliminary results: Microbial Electrosynthesis Technology

Module

Module 2 start-up: bioelectrochemical system for CH, production

b

0
~#— pH Cathode
9
pH Anode
8
7
6
L
4
3
2
1
0 - - . - - - :
0 25 50 75 100 125 150 175
Time (days)
3000.00 4 - 100.00
E 90.00
2500.00 4 £ 80.00
2000.00 : 70.00
a F 60.00
o 1500.00 A F 50.00
-.g- £ 40.00
1000.00 1 £ 30.00
500.00 1 E 20.00
F 10.00
0,00 + s e T e pesessere——  (0.00
0 25 50 75 100 125 150 175

Time (days)

(%)

60.00 -

50.00 4

40.00

30.00 4

20.00 A

10.00 -

Productivity rate (L CH;/m2 d)

0.00

~—&— Productivity rate

= = Maximum Carbon Cloth

0

=== Acetic Adid
Carbon Dioxide
Hydrogen

w=t==Methane

25

50

75 100 125 150 175
Time (days)



Module

Preliminary results: Microbial Electrosynthesis Technology

Module 2 start-up: bioelectrochemical system for CH, production

b
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4“\ Preliminary results: Microbial Electrosynthesis Technology
- Module

Module 2 start-up: bioelectrochemical system for CH, production
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4“\ Preliminary results: Microbial Electrosynthesis Technology
- Module

Module 2 start-up: bioelectrochemical system for CH, production
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> Summary
e

« The capture of CO, 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 CO, Direct Air Capture (iCO,-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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