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CO2 Capture with adsorbents: current pilot projects

@ Carbon Capture, Utilization and Storage technologies CCUS, will play a crucial

role for achieving net-zero.

[1]

@ Over 2,000 CCUS industrial-scale facilities are needed by 2040 to limit global
temperature increase to 1.8 °C."”
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Fig 1. Countries with current CCUS projects. [3]
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@ Currently, there are few CCUS large scale projects due to their high cost and the
lack of expertise.

@ Adsorption for CO2 capture promises to reduce capital and operational costs,
enabling CCUS widespread.

Adsorption

Advantages

Pilot Hadong Dry-sorbent CO,
Capture System Test

Korea Electric Power Research Institute |
Hadong Power Plant, South Korea | April 2014 -
2017

RTI’s solid sorbent-based CO,

capture process

RTI International | DOE, NETL | North Carolina,
United States

VeloxoTherm™ CO, capture
process demonstration

Inventys Thermal Technologies Incorporated |
Svante, Electricore Inc | Lashburn,
Saskatchewan, Canada

Haifeng Carbon Capture Test
Platform

Guadong Electric Power Design Institute | UK-
China (Guadong) CCUS Centre | CRP Haifeng
Power plant, Haifeng, China | January 2018 —
Present

Adsorbent

KEPCO2P2
35% K,CO,
65% Support
material
Cost: S2.7/kg
BET: 84.3 m?/g

Poly-Amine
(PEI) on Silica
Cost: > $10/kg
BET:>200 m?/g
Adsorption

capacity: 11.8
wt%

Amine-
Appended
MOF
Adsorption

capacity: 2.4
mmol/g

Physical
adsorbent

Consejo Nacional de Ciencia y Tecnologia

Regeneration

TSA
Adsorption:
40— 80 °C
Regeneration
140 - 200 °C
Reactor:
Fluidised Bed

TSA
Adsorption:
80 °C
Regeneration
110 °C
Reactor:
Fluidised
Moving Bed

TSA

Reactor:
Rotating Bed
VeloxoTherm™

Exothermic and spontaneous process where
particles or molecules get attached to the
surface of a solid material, the adsorbent.

Lower energy requirements

Lower capital and operation
costs

N/A: Not Available
MOF: Metal Organic Framework
TSA: Temperature Swing Adsorption

PSA: Pressure Swing Adsorption
VSA: Vacuum Swing Adsorption
VCSA: Vacuum Concentration Swing Adsorption

Wide operability range
=  Pressure: 1 —40 bar
= Temperature: 40 — 500°C

No need of specialized waste
treatment

[4]

Disadvantages

= Low CO2 selectivity

= Low COz2 adsorption capacity
= Scalability

= Lack of expertise

[5]

What is the current state of Adsorption
implementation for large scale CO2 capture?
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@® Surveyed the registered CCUS projects in the database from the Global CCS
Institute (CO2Re) and the NETL database from the Department of Energy from
the United States.

= Only the projects using adsorption as the :
capture technology were selected.

Additional technical details were obtained
from various sources

@® Assigned a Technology Readiness Level (TRL) to each project based on their
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Sorbent Based Post-Combustion

CO, Slipstream testing

TDA Research Inc. | Porocel | Wheat Ridge,
Colorado | February 2014 — January 2021

High-Efficiency Post Combustion
Carbon Capture System

Precision Combustion, Inc. | University of Florida,
CSIRO | North Haven, Connecticut | February 2017
— April 2022

Amine-Appended MOFs as
switch-like adsorbents for

energy efficient carbon capture

Lawrence Berkeley National Laboratory | DOCCSS,
Mosaic Materials, Inventis | Berkeley, California |
August 2017 — July 2021

A New Sorbent Process for
Transformational Carbon

Capture Process

TDA Research Inc. | Membrane Technology &
Research Inc. | Wheat Ridge, Colorado | July 2018
— August 2021

Transformational Sorbent
System for Post-Combustion

Carbon Capture

TDA Research Inc. | UOA, UOC Irvine, Wyoming
Integrated Test Center | Wheat Ridge, Colorado |
June 2019 — May 2022

Adsorbent

Alkalised

alumina Al,0;
Cost: $13.23/kg
BET: 84.3 m?/g

MOF on
Microlith in
adsorption

modules
Adsorption

capacity: ~9.7
wt%

Alkyl-Amine
coated MOF
Adsorption

capacity: 2.4
mmol/g

lon exchange
Amine-
polymeric resin
Cost: $7.00/kg
BET: 77.7 m?/g
Adsorption

capacity: 2.8
mmol/g

SIFSIX-2-Cu-I
MOF

BET: 526.6 m?/g
Adsorption

capacity: 2.33
mmol/g

Regeneration

PSA
Estimated cost:
$41.30/tonCO0,

TSA
Adsorption:
30 °C
Regeneration:
80 °C
Estimated cost:
$4.00/tonC 0,

TSA
Reactor:
Rotating Bed
VeloxoTherm™

VSA
Adsorption:
60 °C ~12 psia
Regeneration:
~3 psia
Estimated cost:
$29.70/tonCO0,

VCSA
Adsorption:
~50°C 0.2-0.3
atm
Estimated cost:

$30.00/tonCO0,

individual characteristics according to the TRL guide from the Nuclear
Decommissioning Authority of the UK Government. Transformational Molecular oen
" TP Tio, / ALO dsorption:
1. Conception of the basic 2. Invention and research. 4. Bench-scale research step L?yer.De.posmon Tailor-Made onIZezo/Iitezlgx A;,fﬁtfén
principles. 3. Proof of concept 5. Pilot scale. Size Sieving Sorbents for Post- Cost: $3.60/kg 15.7 psia

Conclusions

@ Adsorption is a viable technology for post-combustion capture, with a TRL
between 2 “Invention and research” and 5 “Pilot scale”.

@ Adsorption large scale implementation requires overcoming four main
challenges:

Affordable
continuous large-

Heat
management and
temperature
control

Sensibility
towards
pollutants

Solids handling

and circulation

scale production
control

of the adsorbent

Combustion CO, Capture

Rensselaer Polytechnic Institute | University Of
South Carolina, GTI, Trimeric Corporation, NCCC |
Troy, New York | October 2019 — September 2022

Transformational Sorbent-
Based Process for a Substantial
Reduction in the Cost of CO,
capture

InnoSepra, LLC | Main Line Engineering , Plant
Process Equipment, ASU, TCM | Bridgewater,
New Jersey | May 2019 — April 2022

BET: 325 m?/g
Adsorption
capacity: 9 wt%

InnoSepra,
LLC adsorbent

BET: 1 000 000
m?/m3

[6]

Regeneration:
1.45 psia
Estimated cost:
$28.00/tonC 0,

TSA
Adsorption:
25 —-40°C
Regeneration:
100°C
Estimated cost:
$38.00/tonC O,

TRL
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