CS,.

REFINERY

Vorstellung der F&E Aktivitaten des Fachbereichs
CO,Refinery der TU-Wien

Michael Harasek 28.09.2023

michael.harasek@tuwien.ac.at

CO,Refinery Mehr Information: www.tuwien.at/coZrefinery



Reduce Generate

C®, .
REFINERY Environmental Increased
Footprint Green ~ Cleaner Income
products production
toxin-free, using fewer

long-life, - . resources
recyclable ~

" Circular ‘\

Good
Circular Economy

Practices
E m Better
Sﬁgg{gte CO n O y service
7Ry, UNITED NATIONS re-use ‘ ' tﬁfgét%?]d
I INDUSTRIAL DEVELOPMENT QRGANIZATION resources V¥ P

% Erugre:-}ﬂ by innovation

S Collect at Reduce
Minimize end-of-life Resource
Waste Dependency

CO,Refinery Mehr Information: www.tuwien.at/coZrefinery



C®.  TU Doctoral College — the research approach...

REFINERY
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B ce  co, utilization options (CCU)
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B C@  co,Refinery => Focus on Conversmn Pathways
REFINERV _
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B @ co,Refinery => Focus on Scalability

Scalability
* Supply constraints
o availability of key inputs
(CO.,, H.,, low-carbon energy)
o infraEStruzctu re ‘
(for transport of CO, and H,)
* Demand for product or service

Competitiveness
« Cost of technology
* Input costs
(CO,, H,, low-carbon energy)
» Cost of competing low-carbon products or services
» Market price

Future market
— potential

Dive Brief (July 21, 2022):

Climate benefits “Green hydrogen prices have nearly tripled
» Origin of the CO as energy costs climb”
* Displaced produf:t or service S gy ’

« Energy input according to S&P Global Commodity Insights

» Retention time of carbon in product

Policy and regulatory framework Source: |[EA: ,Putting CO, to use” (2019)
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B C®  Key facts of our Doctoral College ,,CO,Refinery*

> 10 PhD students, funded for 48 months (May 2021 —April 2025)
> 10 research groups, 6 TU institutes involved, 3 TU faculties involved

> 10 Pls hosting the young researchers and providing infrastructure + 10+ co-Pls
> 5+ associated PhD theses — constantly growing

I
Ring lecture nt@,.
,Refining CO," %

Y-
»Equilibrator” %

Summer 2
One Carbon sehool

%

Engineers %
Tailored ?_‘.,

’ ' lecture pool @'
=

s o Austrian

- Engineering
a" Symposium

Lab rotations

Thesis advisory
committee

Balanced faculty

J'c, Mentoring

o
XN
pervision and me“‘o‘

CO,Refinery Mehr Information: www.tuwien.at/coZrefinery




M RECF:I?EZRYTen interconnected research projects @ yet low TRL...
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REFINERY

CO,Refinery

The team behind COZRefine ‘

8\ Bettina

" Karin
Fottinger

Mlhalyi

Chri‘stoph
Rameshan

fr ~
Winter

MicEaeI

Mehr Information: www.tuwien.at/co2refinery



ce. Thermochemische CO,-Umwandlung mittels
REFINERY - Biomasse zu Syngas
PhD #1: Florian Muller

CO,Refinery Mehr Information: www.tuwien.at/coZrefinery



.o
REFINERY

Design und Anwendung von katalytisch
aktiven Hohlfasermembranreaktoren

Julia Piotrowska', Michael Harasek? and Katharina Bica-Schroder’
Institute of Applied Synthetic Chemistry |?Institute of Chemical, Environmental and Bioscience Engineering

GAS =~
MISCHUNG

CO,/N,/CH,— f
C(&

CO,Refinery Mehr Information

Hoherwertige
C02 + X — COZ = Pprodukte

PhD #3: Julia Piotrowska

: www.tuwien.at/co2refinery



ce. CO,-Abscheidung und Konversion:

REFINERY  Katalyse und Trennung PhD #3: Julia Piotrowska
Membranreaktoren Mit Katalysator funktionalisierte
s CO,-Abtrennung und . Membranen
Umwandlung finden o eschichtungsschicht kann mit
gleichzeitig statt. e ®_ ) : :
. 0e®0 | 00 % en katalytisch-aktiven Komponenten
= Durch Abtrennen eines 02— o ichert d
Reaktionproduktes ©e % ngerellc © W"er .en .
lber die Membran kann dz 000 = lonische Flussigkeiten
Chem|SChe GIGIChgeWICht R;KTlowszo:E m Hohe Loslichkeit von C02 in IF — ..
positiv beeinflusst werden. .&' iy wichtig fir verbesserte Gastrennung.  1acersTRUKTUR
le m Grol3e Vielfalt an Reaktionen, AUS DEM

POLYMER

die in Gegenwart von lonischen
talysiert werden.

Synergien mit ERC-Grant (Katharina Schroder):

erC :,C_arb_oFI_ow_ - Streamlined carbon dioxide conversion
e in ionic liquids — a platform strategy for modern UND
o0k carbonylation chemistry” KATALYSATOR
o e o 2021-2025 ‘HLOSSIGKETEN
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c®  Versatile and robust catalysts for CO,
REFINERY hydrogenation to methanol

CO, +3H,

COz+ 3 H, H,S, SO, .=

Sulfur poisoning

Cu(111) CuO(111)  ZnO(002) Cus(103)  Cu,5(102) ZnS(111,
. 2 8
elofe OIO]

‘ \ e p ? .

" Reactor )

Reactor

350ppm Z

Catalyst ol i Byproducts

200-300 °C,
H,+CO, — CO+H,0

20-100 bar

CO, + 4H, — CH, + 2H,0

- | Sintering
% 57
CH;0OH + H,0 09 o9

CH,OH + H,0
PhD #5: Gustavo Andrade Silva Alves

Gustavo Andrade Silva Alves | September 2022on: www.tuwien.at/co2refinery



c®  Autotrophic and mixotrophic upgrading

REFINERY

of CO, for chemical production

PhD #4: Ivo van den Hurk — R e
g H
Chemicals
& fuels Formate / H, / CO / Methanol
»

Synergies with FWF Starting Grant (Stefan Pflugl)

|: W Austrian “Formate-based acetogenic bioproduction of fuels and
Science Fund chemicals”

11/2022 — 10/2025
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c®  Autotrophic and mixotrophic upgrading
ReFNERY of CO, for chemical production

H,, CO, CO,

- Bacteria from many different
genera

- Grow in a wide range of
temperatures and pH

- Utilize one-carbon substrates

H,, CO,, CO Acetate/Lactate/ - Producers of multi-carbon
Formate Ethanol/Butanol/ products
Methanol 2,3-Butanediol
And others

PhD #4: lvo van den Hurk
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M RECF:,?,;RY Acetogenic Conversion PhD #4: Ivo van den Hurk

Acetogens

Calvin cycle

Serine cycle

RuMP cycle

o
—

DHA cycle

Methanotrophs

Growth rate (1 / hour)

H = hydrogen / CO2
C = carbon monoxide
F = formate

M = methanol

M N = methane

[ o=

0.01

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Energetic efficiency (of microbial conversion)

Current Opinion in Biotechnology

FROM: HTTP://CURRENTAGRIC.BLOGSPOT.COM/2013/03/ACETOGENIC-BACTERIA.HTML

CO,Refinery Mehr Information: www.tuwien.at/coZrefinery




ce Methanol to protein - making methanol conversion
ReFINERY more efficient

Microbial
Biotechnology

v Methylotrophic yeast QEEI{?E RY

v' P. pastoris
v Metabolic engineering
v' Yeast fermentation with sustainable feedstocks PhD #6: Shirvani Roghayeh

etabolites - d Green Methanol .
\g\/ Green Nitrogen (6@
Biofuels i
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M c® Produktion von Erdgas aus nachhaltigen
"EFNERY Rohstoffen

PhD #7: Alexander Bartik

&7 S Abgas
v O Produktgas Gereinigtes
———rr Verunreinigungen Produktgas
Roh SNG
Nachhaltige DFB

‘ * “.  Verunrei- H,
" nigungen
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M €@ Untersuchungen im VT-Technikum der TU Wien

a)
2 — —- Pressure ] 60 o
= Experimentelle Untersuchung im : AU -
Technikumsmalistab 5 IR R -
7 8 9 10 11 12
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verschiedenen Reststoffen Zetoo | 80 couswr 700 St 4 \ s
. - 570 \ e ‘ |
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H . 8L - ————— T —— - N 88 215
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- ® ol . . . . N | § o B . o,
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PhD #7: Alexander Bartik a0
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B 2 Porous ceramic frameworks for CO, utilization

PhD #8: Katharina Rauchenwalder

GroRere Poren
verringerter Flusswiderstand

Poroses keramisches Tragermaterial
» Herstellung von Keramiken mit ausgerichteten Porenstrukturen.
» Design von Porenstrukturen in unterschiedlichen GroRenhierarchien.

« Verankerung von reaktiven Metallzentren fiir CO, Umwandlungssprozesse. ® keramisches

Tragermaterial
® katalytisch aktive
Zentren

Ice templating
Lésungsmittelentfernung Thermische Umwandlung

é & Kleinere Poren

L6 ittelkristall Poren vergrol3erte spezifische Oberflache
osungsmittelkristalle
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C®, :
M - Porous ceramic frameworks

PhD #8: Katharina Rauchenwalder

konventionelle

Polymer-derived ceramics PDCs Keramiken

Chemische Modifizierbarkeit
Formgebung
Niedrigtemperaturbehandlung
Mechanische Stabilitat
Chemische Stabilitat
Thermische Stabilitat
Bauteilschwindung

Cyclohexan

+ + + + + +
+ + + +

SiOC
~ 30 % lineare Schwindung

~ 60 % keramische Ausbeute
~ 70 % Porositat

Tert-Butanol

=25  sioc

n " Griinkérper sioc
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B C®  systems Engineering and Life Cycle Assessment (LCA)

Motivation and Goals Design
phase
m Develop a process framework to
activate and upgrade CO, to valuable
products — a CO, refinery
= Use CO,, reducing agents, energy
and/or biomass as feedstock for the SXStem_S LCA
production of fine chemicals, engineering

biomaterials and fuels/energy carriers
— thus reducing fossil dependence AND
emissions to the environment

= Benchmark by combined process
simulation and LCA Process

PhD #9: Diana Dimande

CO,Refinery Mehr Information: www.tuwien.at/coZrefinery



CO,Refinery

C®. Associated topics: Electrochemical CO, reduction

REFINERY

2500 -

J
o
o
o

Market price / USD tC~!

500 -

1500 -

1000 -

captured

-formic acid
G
O 1 GtC/yr m
() 30 mtcryr Building
O 1 MtC/yr ethanol — blocks of
acetaldehycle ; / particular
ethy|ene interest!
co {p.ure] methanol
&5013:'@91*#
--_,--""'-'- :S;.Z_Q!‘-U-lw"q -----------------
. C (coal) methane (NG)
5.0 7.5 0.0 12.5 15.0 17.5 20.0
Chem. Rev. 2019, 119,
Energy content / MWh tC™? 7610-7672
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M C® Associated topics: Electrochemical processes
REFINERY

= High temperature electrolysis of H,O
and CO, in solid oxide cells cathode: N2+ 6H"+6€ —~2NH;

= Model system supported performance equivalent to high p(Ho)cat
optimization and in-situ surface

chemical analysis of electrodes
\e
m Electrochemical hydrogenation 1\/I l—gum}ﬁmm

reactions — e.g. for decentralized Alexander Opitz
ammonia synthesis a,;,,,7 FG Electrochemical

Wl%,,,, Energy Conversion
H,0 Hzo{\ 0, o,
T=750°C

O Measured Data —Fit 270mbar H2 + 30mbar HZO H 20

o
o
>

0.04 | - A 55pm

2H,O0O—-4H*+0,+4e

equivalent to low p(H),,

anode:

—imag(Z)[Qcm2]

0.25 0.3 0.35 04 0.45
real(Z)[2cm?]
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ce. Empfehlungen fur zukunftige F&E Aktivitaten in
REFINERY - OQsterreich

= Unterstutzung der experimentellen Forschung auf mehreren TRL-Ebenen:
= Neue disruptive Konversionskonzepte (Grundlagenforschung)
m Labor- und Pilotstudien
m Demonstrationsprojekte (=> gesamte integrierte Prozesskette (!))

s Fokus bei Demonstrationsprojekten auf wissenschaftliche Begleitung
(Modellierung / Simulation / LCA / okonomische Bewertung)

= Technologische Empfehlungen:

m Integrierte Prozessketten (Abscheidung — Konversion — Wiedereinschleusung in
Nutzungskreislaufe), also inklusive Upstream, Downstream, Konzepte fur Nebenprodukte und
KreislaufschlieRung

m Elektrifizierung in der Prozesstechnik auf allen Ebenen & elektrochemische Aktivierungs- und
Konversionstechnologien (Wasserelektrolyse versus CO,-Elektrolyse)

m Nachweis der Skalierbarkeit (!)
m C1 Plattformmolekuile: Methan, Methanol, Formaldehyd, Ameisensaure
m Biotechnologische Prozesse (Gasfermentation (!)) (Michael Harasek)

CO,Refinery Mehr Information: www.tuwien.at/coZrefinery
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