Novel Next-Generation Sorbent System for
Post-Combustion CO, Capture

PROJECT OBJECTIVE TDA’s Sorbent Process Alr VSA Sorbent
To develop a transformational MOF- Preheater Particulate System

based (metal organic framework) Removal
NO, co,
CO, sorbent system that can: Coal . m
* Capture more than 90% of the CO, Boiler
Coal

emissions from a coal power plant e
* Recover CO, at 95% purity ' Air  Steam
®* Reduce the cost of capture to < Purge

$30/tonne CO, while reducing the . Primary Al 'fan_
cost of electricity by > 30% relative CO» Adsorption Isotherm and Selectivity

CO,/H,0

to amine-based capture systems 9 " 4
e -CO2
8  ome o 3.5
TEAM MEMBERS - TS50 s 2
5 5 °
TDA Research S 6 S 4 S,
Es £ . E T=60°C
University of Alberta E 3 Szt | seiectty | 1 = 30°C £ 2
5 'g Peog (bar) COy/N, 3 .
Dr. Ashok Rao 5"“ 3 S 2 0.05 9.32 ;:':5
: O 5 | 0.1 16.29 o 1
Wyoming Integrated Test Center improved preparation 1 05| 2% o
" ——base preparation 1 2/.52 |
0 : : ! ‘ : : 0 : = — 0
0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 0.2 0.4 0.6 0.8 1 1.2 1.4
APPROACH
Partial Pressure (bar) Partial Pressure (bar) Partial Pressure (bar)
Budget Period 1 . .
Pelletized MOF Sorbent Heat of Adsorption
* Demonstrate sorbent performance -
. I T230°C | dnmemee 12
* Assess impact of flue gas | 30 ¢ MoOF Powder: S
contaminants (SO,, NO,, and HCI) oo =10 1
0 O
* Develop adsorpti | Z & "
o ption cycle sequence : c
> S g
o 10 Q.
Develop preliminary TEA . | + co,
- @ S |
Budget Period 2 3 e < - b
i Pellets are 83% MOF (Weight Basis, Balance Inert Binders) © 2
¢ Scale-up Sorbent prOduct|On 1 Pellets Retains > 95% of Powder Capacity (Weight Basis) | E
I R TR R waa AR P A AR A R A R A AR AR A S A A AR Tt 0 | | |
* Complete lifetime tests Absolts Pressure (g 0.001  0.01 0.1 1 10
I Amount Adsorbed (mmol/g)
®* Optimize cycle and update TEA . L
. Fixed Bed Reactor Tests o Preliminary TEA
Budget Period 3 I SOy i 15% CO, & 0—6% H,0 in N, at T = 30/45/60°C |
S. 1=1070 LU, IN N3, DES- Na, 15 GHSV = 1,000 hr'%; Counter-Flow Regen with N, DOE Rev 4 Basis
* Complete field tests (6 months) o Capuue Technology sorbent Only [Amine____TNo Capture
8 . 7% Basis for Cost Estimates (Year) 2018 2018 2018
- o o 16% CO, in N, o
= H|gh'f|dEI|ty TEA and EH&SA i ? - T=22°C gae:):):i::l/i;'ctﬂov:/(CF)% 68550 6;3550 68550
6 ’€ \ Total plant cost (TPC), S 2,053,929,454| 2,468,373,000| 1,364,033,000
D % Y 4 Total overnight cost (TOC), $ 2,553,134,556| 3,023,049,325|1,678,411,825
TD Als MOF A d S Orb ent é, o 10% CO, in Nw‘. i; 5% — o pmeN :):013 o 50, N~ e | as spent capital (TASC), $ 2,946, 3,488, 1,937,
p S 4% —— 500 ppm NOx, 20 ppm SO, .
Bl 4 * . T R ET IETETR YT
* Sorbent has excellent CO, uptake % | 5% CO, in N, S . e Y
kinetics and selectivity; product = - el 2% W, N TR S ) oo T om | oo
. . 1% CO, in N T = 45-60°C CO2 T&S Costs 8.45 8.96 0.00
o 1 2 2 4 1% 100 ppm NOx, 10 ppm SO, Total (Including T&S 100.12 114.14 64.37
purity = 95% has been achieved B A e - —— .
* Sorbent has demonstrated a COZ 0 2000 4000 6000 8000 10000 "o 500 1000 1500 2000 2500 3000 3500 |SreakevenCOZemisionspenaty comparedto scoc w/o capturel | 5225 a0
Cycle Cycle #

working capacity = of 4% wt.

* Lab-based testing with flue gas
contaminants indicates stable
sorbent performance in the
presence of SO, and NO,

Wyoming ITC Field Test Unit (2—4 scfm)

TDA's field demo installation near
Gillette, Wyoming is designed for
continuous, all-season testing with
coal-derived flue gas (local PRB &
coal) at flows of up to 150 scfm.
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®* CO, capture consumes < 117
kWh/tonne (242 kWh/tonne when
CO, compression included)
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* Net power output is reduced by
roughly 17.4% for a cost of CO,
capture < $32.25/tonne

* Reducing CAPEX to $S275 MM can
further reduce capture cost below
S30/tonne
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