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Two routes towards carbon neutrality: Carbon Capture

and Utilization

The key questions are: -
HOW can we capture CO2 and Mineralization Eiﬂiﬂes
HOW can we convert CO2 to something useful?! ,r"' Riological >
\ . | Alpae Cultivation
Uﬁ‘dy Chemical | Liquid Fuels
Polymers
Urea

|I--| Desalination |

Enhanced Oil Recovery

Enhanced Geothermal
Enhanced Coal Bed Methane
Schematic illustration of the carbon storage and utilization strategies. Adapted from Pekdemiv (2001 2)
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Direct Air Capture (DAC) aims to remove the CO2 from

air leading to negative carbon emissions

Company Technology Capacity Cost
ClimeWorks Sorption membrane 900 tCO2 /year /plant >600 S/tCO2
Carbon Engineering Potassium hydroxide 1 MCO2 /year /plant >95 $/tCO2
Global Thermostat Sorption membranes 50 tCO2/year /plant > 120 S/tCO2
PHASE 1 PHASE 2
Once the filter is saturated with
. O hter i hested ts 100°C,
ENAl E CO,-free air
o () 1 o ~ W h 2! ~ CO, is then released
r——— CO, is chemically from the filter and
. = A bound to the filter. collected. Concentrated CO,
| | —
Climeworks carbon capture units and schematic illustration of Climeworks direct air capture process. (from climeworks.com)
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Direct Air Capture (DAC) is still an expensive

technology with high carbon cost

DAC advantages EILE k»
Geothermal P

* significant amounts of carbon can be PowerPlant _ Heat i
removed .

* can be sited anywhere which reduce the
cost of transporting CO2 to the
sequestration sites

* can be scaled easily and has a relatively
small land footprint Underground

Basaltic Rock
Formation

Groundwater
Concentrated

co,

DAC challenges

* Energy Intensive
* Very Expensive

), Turned Into
bonate Minerals
800-2000m Underground

Hot Water
* Water consumption concern llustration of the ClimeWorks/Carbofix plant in Iceland
* Revenue utilizing geothermal energy for DAC and storage.
(from climeworks.com)
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Direct Air Capture and Utilization is an ultimate

objective for carbon negative economy

CO, is captured *g ® ‘e o AT L Syngas is turned into
directly from — ‘ . ol A C0.-FREE AlR: hydrocarbon fuels.
ambient air using ® e %% o0 4 °* Because the CO, has
renewable energy. ’ s . . R M e been captured from the
o toce o, A L R atmosphere, the
IR | IMEWORKS c o3, proguced fuells are
oo ¥ carbon neutral.
J @_\\\) @“\\\ ﬂ;:-*\\\
‘ = M |2 2l syNeas
5 S 2

RENEWABLE I E g +

ENERGY = g S .-b
CO, and water is V////4 2 = w
provided to the V/// /4 HYDROGEN 3= g
electrolysis unit. The g E ‘
Climeworks plant is able @ 2 (0, NEUTRAL
to run on excess heat HYDROCARBON
from the electrolysis. OXYGEN FUELS

“/INOCURE Nomay. . Programme Kappa ¢ g



metaMORPH aim: combination of carbon capture and

conversion in one material and one photoreactor

Direct capture from air
. . .
igh carbon sorption L Neede NN Dayevet
° ngh select|V|ty for CO2 4(low temperature, dry state) ‘_ (higher temperature, wet state)
. . . Carbon Capture Carbon Conversion
* High cycling capacity
* Low water consumption | -
° LOW energy need ; CO?2 is releaseg N

to methanol

Continuous conversion to
hyd rOcarbonS CO2 1s absorbed on bio-based
° SOIar ||ght CatalySiS porous carbonized chitosan

* High conversion efficacy Schematic illustration of metaMORPH’s aim: continuous production of
e Conversion to useful the hydrocarbons (methanol) from carbon dioxide adsorbed from air.

materials (methanol)
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metaMORPH consortium: experts in nanofibrous,
carbon capture, and photocatalytic materials

10

Photocatalysts and advanced materials

* Colloid engineering and advanced materials

R&D team at InoCure (CZ) Team of prof. Mirolav Soos at * Dr. Mathieu Grandcolas at

* Prof. Pavla Capkova team at University of Chemistry and SINTEF (NO)
University of Jan Evangelista (CZ) Technologx SCZ!
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metaMORPH: hybrid materials for CCS and CCU

METAMORPH CCS

q Negative
C02 mn 3 > - C02
N cmissions

UV/visible Mixture of
lht {‘ gasses

Gasses
without CO,

air/water |

Carbon capture and storage

C membranes
Methanol

CO2
Advanced photocatalysts PANIi-based materials Nanofibrous materials
for more efficient for more selective CO, for high surface area
photosynthesis adsorption from mixtures  and mechanical strength

—

with CO, ™ &® & cthanol

Photoreactors for CO,

METAMORPH CCU~ |conversion to high-value products
1. Sorption materials based on 2. Combination of sorption materials 3. Combination of hydrid materials with
carbonized polyaniline (PANi).  with photocatalysts, for CO2 conversion electrospun scaffolds to provide mechanical
to carbohydrates. support.
—
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State-of-the-art materials used for the DAC: amine-

modified fibers and absorbants

The state-of-the art reusable absorbers used in DAC are based on membranes and sponges
modified with amines. ClimeWorks membranes can absorb up to 1.4 mmolCO2/gr of material

CeIIquse flbers Modified cellulose fibers L Modified cellulose fibers
A S e A i e Ty " . r . : . )

Ml

2-APDES-NFC ||
4-APDES-NFC
2-AEAPDES-NFC
4-AEAPDES-NFC ||
2-APTES-NFC ||
4-APTES-NFC

8 10 12

SaANVIISONINY

PO <4g &« < O

time [h]
SEM images of the cellulose fiber support and the cellulose fibers functionalized with aminosilanes introducing active amino
groups. (right) Carbon sorption capacity of the modified cellulose fibers)
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Even better CO2 sorption materials have been

developed by UCT
v B, @ ¥

T R e B b
Carbonization activation
without
SSNes b3
¢ ® -

Time: 0.000028

Aniline
polymerization

-
Velocity (m/s) Magnitude
000400 02 4000

( &\ '«
> \ ¥ Polymerization
" : Stagnant cond.  =|NV{
ANI-PS sol Porosity > 80%
;.;-:«Ks;tgrglo et al., Chem. Eng. Journal (2019, 2020) 0 [I T
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10x better CO2 sorption materials have been

developed by UCT

Nanostructured materials with high surface area and porosity are obtained after the
templated synthesis, carbonization and activation of PANi.

After carbonization (500 °C)
and activation (750 ° C)

SEM images of the synthesized PANi materials TEM images of the synthesized PANi materials
for carbon capture for carbon capture
Kutorﬁlo et al., Chem. Enﬁ. Journal ’2019!
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e Carbon sorption capacity correlates with the

i
©

and does not depend on the macrostructure.

volume of the ultramicropores in the material
Material is reusable.

0 1 2 3 4 5 6 7 8 9

(.6 joww) Ayoedes “09

A Pellets

® Powder material

.........

(6/10wiw) Angeded 0D

Cycles

Cycles

Ultramicropore volume (cm®/g)

* Kutorglo et al., Chem. Eng. Journal (2019, 2020)

Carbon capture capacity and reusability of UCT PANi materials in powder and pellet macrostructure.
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MetaMORPH: combination of carbon sorption

and photocatalytic materials

1. Hybrid nanoparticles for CO2

.
: UVivisible m
capture/ photocatalysis light 9% . .

. 00; ﬂ\l §"‘ captures one CO,
1. Improved carbon sorption by Absobed mdation o, molecule
photocoatalytic removal of adsorbed ocal Carbon sopfion brings
COZ - | temperature \\:.', ‘CO' CIIC))2 closegto
. \ catalyst
. . N 00 ©
2. Improve photocatalytic conversion of ke "o- Polyier coatig
the CO2 to methanol by increasing the S P e sases
local concentration of the CO2. polymer coating
o . . generates  Hoi
3. Stabilization of the photocatalysts in holes

the polymer matrix.

Schematic illustration of the benefits of cambined
carbon capture and carbon sorption materials
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MetaMORPH: expected results

2. Electrospun membranes with photocatalytic/ carbon-capture nanoparticles

1. Further increased carbon capture capacity by combining PANi materials with
nanofibrous membranes.

2. Increased mechanical stability of the hybrid nanomaterials that allows easier
handling and integration in the photoreactors.

- ” < L W b,
h._i : ;
Q-':'\ Wl : e ’ * C0O, CH30H
A WPt
u\.;_ § - . g TiO2-based catalysts
. "» | PANi-based porous for C02. conversion
: & materials with to high-value
. ' TiO2-based catalysts products
—
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MetaMORPH: expected results

3. Photoreactor with METAMORPH Night cycle Day cycle

. . (low temperature, dry state) o (higher temperature, wet state)
Carbon Capture Adfj"mn of the Carbon Conversion
mem ranes Wi p O Oca a y IC & carbonized/fresh water
carbon-capture nanoparticles @f’ 2irCQ2 —
. m Photo-termally m’
1. Materials for carbon capture and = heated hybrid o
HH . . . microparticles _ Glar
utilization combined in one step et '\. @ 1umination
blorea Cto r. phﬂtﬂcﬁlﬂlytic w‘
activity) ‘

2. Photocatalytic conversion is driven by
solar energy minimizing the energy
consumption.

Cold hybrid
. & % | microparticles
o , ‘Thigh sorption
L]

capacity)

— P Stirring

device

Removal of the methanol-rich water

bbb

Utilization for high value products and hioproduction.
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Thank you for your attention.

Aiva Simaite

alva@inocure.cz
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