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BOKU / ETEM — Themen im Uberblick

" Energieeffiziente Gebaudetechnik und Energiemanagement
= Exergieoptimierte Produktionsprozesse (Warme- und Kalte)

* Photovoltaik und elektrische Energiespeicher (System-Ebene)
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= Verbrennungsprozesse / Wirbelschichttechnik
" Trocknung
®" Thermische Behandlung (Hygienisierung)
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Null- und Negativemissionstechnologien

Decarbonization pathway consistent with the Paris agreement
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Quelle: J. Rockstrom et. al., 2017, Science, 355, 1269-1271.

" Netto-Negativemissionen ab 2050 erforderlich fur 1.5°C-Ziel
= Abscheidung von gasformigem CO, und Speicherung nétig

®= Hoher Energieaufwand fur Abscheidung und Konzentration
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Unperturbated carbon cycle

- Atmosphere

¥

Geological reservoir

—> Bold arrows indicate active equilibria
- Broken-lined arrows indicate slow geological processes
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Currently: land use change and fossil fuels

Atmosphere

______ y

Fossil

] Land
Land use t-....

fuel
issions

change

Geological reservoir

- Increasing CO, concentration in the atmosphere

- Increasing CO, concentration in the ocean via equilibrium
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Carbon capture and storage (CCS)

Atmosphere

y

—> Classical CCS: Partially avoids CO, emissions from fossil fuels
—> Roughly 20% of the fuel energy required for CO, capture
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Bioenergy with CCS (BECCS)

Atmosphere

v 9

Land

Geological reservoir

—> Pre-concentration of carbon in biomass using sunlight
—> Biomass converted to energy, CO, captured and stored
- Lower energy output compared to bioenergy without CCS
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Aufwand entlang der CCS Prozesskette

CO, Capture -| CO, Transport - CO, Storage

30-70 US$/tCO, 10-15 US$/tCO,/1000 km 0-8 US$/tCO,
75 % of total 20 % of total (1000 km) 5 % of total

Technische Hauptherausforderung: Abscheidung, Aufkonzentrierung und Verdichtung

-> Kosten am Standort der Industrieanlage
Politische Hauptherausforderung: Speicherung im Untergrund
-> Sicherheitsbedenken in der Bevolkerung

[IPCC Special Report on CCS, 2005]
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BECCS for heat and power (CHP)

CO, to atmosphere

Depleted
Biomass CFB combustor | Fluegas | co, capture flue gas
(CFBC) (MEA) '
i A
i i 1 CO,
i Heat Reboiler! 1 > CO, compression
! I 1Add. el
heat ! !
i i idemand
Steam cycle ""'"""""r"’" """""""""" A —
CHPplant | _____________ o e e

1
E Condenser heat

y to environment

Source: Proll and Zerobin (2019) MITI,

— CO, to storage

» Electric output

-+ Heat output

doi:10.1007/s11027-019-9841-4

Parameter Unit CHP MEA CLC
Max. electric efficiency with CO, compr. (90% capture) % 37.1 27.0 314
Maximum heat efficiency % 53.0 25.1 47.7
El. efficiency in max. heat case with CO, compr. % 26.5 22.0 21.9
Maximum fuel power utilization rate with CO, compr. % 79.5 47.1 69.6
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BECCS with Chemical Looping Combustion (CLC)

Depleted air
Biomass _ >
> CLC of solid fuel C02 + HZO .
> CO, compression [— CO, to storage
i A
' loop | | A l
Heat | seal | | Add. el !
j Steamy ! demand i H,0
Steam cycle '“:““’L """""""""" e =+ Electric output
CHP plant -->L ------------------------------------------------ » Heat output
Condenser heat Source: Préll and Zerobin (2019) MITI,
é ; ) doi:10.1007/s11027-019-9841-4
O environment
Parameter Unit CHP MEA CLC
Max. electric efficiency with CO, compr. (90% capture) % 37.1 27.0 314
Maximum heat efficiency % 53.0 25.1 47.7
El. efficiency in max. heat case with CO, compr. % 26.5 22.0 21.9
Maximum fuel power utilization rate with CO, compr. % 79.5 47.1 69.6
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Chemical-looping combustion (CLC) of solid fuels - Theory

Depleted air  global air ratio > 1 Condensation
<—I CO, + H,0 T CcO . .
. I C (to comp%ession) e Oxidation of both
Qpr — Fuel HoO volatiles and charcoal
- reactor
end
oxidizer I_I e Control on gas and
Air — solids residence time
reactor 0 I devola- | Solid fuel distribution =
| — tizer |@ counter-current
<= contacting pattern
char
MeO,, ,,| gasifier I_' * Fluidized bed systems
< —
AirI SteamI Source: Proll and Hofbauer, Proceedings of the AIChE Annual Meeting 2010,

Salt Lake City, Utah, U.S.A., November 7-12, 2010
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CLC of solid fuels — reactor system

Exhaust AR
Exhaust * Fuel reactor divided in vertical sections by
FR flow obstacles reducing the cross section
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Air Steam

Source: Proll and Hofbauer, Proceedings of the AIChE Annual Meeting 2010, Salt Lake City, Utah, U.S.A., November 7-12, 2010
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Biomass CLC first results @ TU Wien (Penthor et al.)
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Source: Penthor et al., 5th International Conference on Chemical Looping, 24-27 September 2018, Park City, Utah, USA
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Horizon Europe Projekt CarbonNeutralLNG (2022-2025)
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T. Proll @ Oesterreichs Energie — Ausschuss Forschung- und Innovation am 08.09.2020

15



Klimafonds Leitprojekt ViennaGreenCO, —

Entwicklung kontinuierliche Temperaturwechseladsorption

Shell, TU Wien, BOKU,

Wien Energie, etc. 2015-2019

cleaned flue gas

Steam

Clean flue gas

ADSORBER

Adsorber

(low temperature)

steam

Raw flue gas CO, + steam

i stripping

IN-AR/NA:

DESORBER

= Pilotanlage fur Abscheidung rund 1 Tonne CO,/Tag
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Energieaufwand zur Abscheidung mittels TSA

40

Case 1:
g » == Umgebungsluft
g 0 ___ Slower power (0.04 vol% CO,)
B
é ] 25 7 / Steam production Case 2:
a3 / Abgas GuD
g 15 / sensibleheat (4 vol% CO,)
3 \\ Case 3:
g &/ ~ Abgas Biomasse
T s s E— (10 vol% CO,)

CO; in feed gas (dry basis)

Quelle: Zerobin&Proll, 2020, Ind. Eng. Chem. Res. 59, 9207-9214.
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Versuch einer Systematik der Begriffe
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Capture and Storage

CCS from
fossil fuel
plants

EOR...Enhanced Oil Recovery

CCS...CO, Capture and Storage
Carbon dioxide capture and storage (CCS)

Quelle: Hepburn et al., 2019, Nature 575, 87-97. = Supplementary Figure S1
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Forschungsbedarf

Klimakrise = Energiekrise (keine Kohlenstoffkrise!)

= Entwicklung/Optimierung energieeffizienter CO,-
Abscheidetechnologien aus industriellen Anlagen

= Kompression und Endaufbereitung von CO, fur
Transport

= CO, Transportinfrastruktur — Demos

= Gesamtwirtschaftliche Beurteilung
von ,,Carbon Management” Systemen
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