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TRL assessment and key technology vendors of the CO, capture
technologies

Liquid Solvent

Rl

Research Institute of Innovative
Technology for the Earth

KEY VENDORS  2020TRL

Solid (ad)sorbent/looping

Traditional amine Fluor, Shell, Kerr- 9 Pressure Swing Adsorption(PSA) / Air Liquide, Air 9
solvents McGee, Dow, Aker . .
Solutions Vacuum Swing Adsorption(VSA) Products, UOP
Physical solvent UOP, Linde, Air 9 Temperature Swing Adsorption (TSA) Svante 5-7
(Selexol, Rectisol) Liquide
Sorbent-Enhanced Water Gas Shift (SEWGS) ECN 5
Benfield process and UoPp 9 _ ] . .
variants Calcium Looping Carbon Engineering -7
Sterically hindered MHI, Toshiba, 6-9 Chemical Looping Combustion Alstom 5-6
amine CSIRO,
Chilled ammonia GE 6-7 Electrochemically Mediated Adsorption R&D only 1
process
Membrane
Water-Lean solvent Ion Clean Energy, 4-7
RTI, CHN Energy Gas separation membranes UOP, Air Liquide 9
Phase change IFPEN/Axens 5-6 for natural gas processing
solvents
) ] ) Polymeric Membranes MTR 7
Amino acid-based Siemens, GE 4-5
Solvent/Precipitating Electrochemical membrane FuelCell Energy 7
solvents integrated with MCFCs
Encapsulated R&D only 2-3 _ _ o _
solvents Polymeric Membranes / Cryogenic Air Liquide, Linde 6
Ionic liquids R&D only 2-3 Separation Hybrid Engineering, MTR
Enzyme Catalysed CO2 solutions 8 Polymeric Membranes / Solvent MTR / University 4
Absorption Hybrid of Texas
Room Temperature Ionic Liquid R&D only 2

Ref.: Technology Readiness and Costs of CCS, Global CCS Institute, March 2021.

(RTIL) Membranes
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TDA Research Inc.

TDA Research Inc.

Chevron U.S.A.

Inc.. Svante, Inc.?

Svante, Inc. 4

TDA Research Inc..

GTI. it

Rensselaer
Polytechnic
Institute 1t

FIWANET V=T TR
=1l
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ESZ Az SN 7R
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$2021 Carbon Management and Oil and Gas Research Project Review Meeting (August 2-31, 2021)
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Svantedt OEKRING (BEF) S 274 RIS

Svante carbon capture technology Rapid Cycle Thermal
Swing Adsorption (RC-TSA)

VeloxoTherm™

ie

Innovation - rotary contactor

New adsorbents + proven machine PARTNER @ ARVOS

Technology for the Earth

Engineered CO, filter
Structured Adsorbents with low pressure drops, fast mass transfer, high
surface area, enable Rapid Cycling TSA process (RC-TSA)

CO, + N,
Ar + Industrial sources

CO,

Gour

PRIGERHEN R (COLBEA~14%) ZF ALV=25TPDR S — L DRI ERE F T (2022~2023)

https://netl.doe.gov/sites/default/files/netl-file/21CMOG_PSC_Freeman.pdf
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SEEREY (CHIBA U BB R ST D SR BRAE SR
[OUNER:=90%, fHE:=99%, EYN=:1 kg/d,

aEARaIE—: 1.4 GJ/t-CO,

‘ 14%AER

TERCHIBAU BB ST O SRR
[EIUNE:=290%, #E:=299%, [EN=E:1 kg/d,

BEARsIE—: 1.2 GJ/t-CO,

B2 RO CEN BIREC T

W) SRIEROICLBEECPELLTOT RIS
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T. Kinoshita, K. Yogo, Simulation-Based Optimization of Fixed-Bed Continuous CO, Capture Process with an Amine-Impregnated Solid

Sorbent, /nd. Eng. Chem. Res. 60 (2021), 9906 — 9914
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The role of carbon dioxide removal in climate change mitigation.

GHG emissions (GtCO,e/year)

80 -

70

60

50

40

30

20

10

0

Gross positive GHG emissions
CO, from fossil fuels, industry
and land use changes
CHa, N0 and F-Gases

Mitigated

-10

-20 -

2100%

Gross negative
CO; emissions

2010 2020 2030 2040 2050 2060 2070 2080

*Direct Air Capture with Carbon Storage, **Bioenergy with Carbon Capture and Storage

GHG emissions

Net negative
GHG emissions

2090

Rl
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Examples of associated technologies

Conventional
abatement technologies

&%

/

—c

N %
@.@ ++l;\l

Net zero
GHG emissions

/ ..:... Emitting e
C@.—-..‘ technologies Q_:""

". ® Carbon removal
-. technologies

2100

Hi B8 : The Emissions Gap Report 2017 UNEP 2017.

F T20Gt?D Negative emission (DACCS*, BECCS**73&) HA L E:

14
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AREA REQUIRED'

6'400'000 km* 2'500'000 km* 220'000 km?

WATER REQUIRED

EXPECTED COST

s $

5.-50USD/tCO.’ 100-200USD/1CO," SO-200USD/tCO*

DIRECT AIR
CAPTURE

DACDIRIK :
"IRIILFX—ZEHE-5aXF

-

http://www.climeworks.com

Rll&
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Carbon Engineering Climeworks
Canada Switzerland

Global Thermostat |.

USA
(ol 2 M) FFIEIRI)LX—-aRbk
Climeworks TIURERBRIRM | 9.0GI/t-CO,(E), 450kWh/t-CO,(E H), 600$/t-CO,

Carbon Engineering | KOH/Ca(OH),Ki&#& | 5.3 GJ/t-CO, (2L), 366 kWh/t-CO,(E #),

Il

Global Thermostat | 73V REARIRF | 4.4 GJ/t-CO,(EL), 160 kWh/t-CO,(E#), 150$/t-CO,

> T xJ)LF¥F— - OX MIRE

£ \BA1ETR, ICEF [Direct Air Capture of Carbon Dioxide] 18
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Carbon
Engineering
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Global
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S !
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1PointFive

Dreamcatcher Project
(Storegga)

AtmosFUEL Project
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Direct Air Capture
Innovation Center
(BBA)

Project Silverstone
(Carbfix, ON Power)

Project Orca
(Carbfix)
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Project
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DAC Transformational (TRL 2-3)..
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Materials
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NATIONAL

ENERGY

TECHNOLOGY

N_

Solvents
HARVARD

UNIVERSITY

e |
oo

Aqueous alkaline solvent with
novel alkalinity concentrafion
swing (ACS) cycle

Membrcmes<

”l«hnhum for Tomorrow

hybrid polymer membrane

U8, DEFARTMENT OF

InnoSepra
physical sorbents

hybrid sorbent in low vacuum
swing adsorplion process

catalyzed omine-
doped solid sorbent

Georgla Research

Comor'nnon

MOF-bosed sorbent

Sorbents

IWVC

amine-funcfionalized sorbent in
novel isothemal pressure swing
regeneration cycle

MOF-based sorbent

polyomlne
aerogel sorbent

membtonc adsorbent
for rapid temperature
swing adsorption

¥ Rensselaer

amine-encapsulated sorbent
embedded in porous fibers

W7 COLUMBIA UNIVERSITY

IN THE CITY OF NIW YOu R

FRTI

bt fiver-encopsulated nanoparticle
MOF- and P-dendrimer- organic hybrid materials
based sorbents

{(NOHMs)-based sarbenis

1L

Novel
Concepts

KENTUCKY
enhanced depolarized electro-

membrane system
([solvent/membrane contacior)

IVERSITY o
EIAWARE

electrochemical cell
with membranes

LABORATORY

DE-FOA-0002188

{3) ENERGY

DEELINEAT: EARINAT 19, IR 4, TRINER 1, /\(JUvk 1, EREF1
AT=)b: ROF 5, 5k 21

Ref.: Dan Hancu@2021 Carbon Management and Oil and Gas Research Project Review Meeting (August 18, 2021)
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(DBench-Scale Development of a Novel Direct Air Capture Technology Using High-Capacity Sorbents

-alkali-based sorbent materials, B4 a[gEE HEDEIEHKS
s RT—= LT T DI=OIZFH LN EE R M ORI G MY T SAF—oF B ELALY
cost H1&:<$75/ton CO,.

@Direct Air Capture of CO, Using Low Regeneration Temparature Sorbents
(PROJECT PARTNERS: University of Wyoming. SoCalGas)

- KB B A R8I UL& (liquid (IL)- catalyzed sorbents)® B %

- 80~90°C T CO, Mttt aeZd Kigm L (SREER)

cost B4&: < $100/ton CO,.

@ Svante (gijalt) EDaASHKRL— 3>

21

https://susteon.com/projects/
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