Modeling and Analysis of Climate Variation Effects on Fixed-Bed Direct =]NATIONAL

Research & N— ENERGY

Air Capture Systems Innovation Center || [TECHROLOGY

W.\.1017:Y10] 4 {

Ryan Hughes, 2 Daison Yancy Caballero,! 2 Jinliang Ma,*' 2 Anca Ostace! 2 Benjamin Omell*
!National Energy Technology Laboratory (NETL), Pittsburgh, PA; 2NETL support contractor

Background Vacuum-Assisted Temperature Swing Adsorption Ambient Conditions Perfformance Analysis

. Direct air capture (DAC) may be significantly Modeled lee.d-Bed Design w;th Lov.v P.ressur.e Drop.: Time Seri Data® Joint Probability Distributions
impacted by climate and shifting ambient conditions « Assumption of a flat bed? to mimic a differential segment of the ) f |
. Understanding the economic impacts of shiffing p.lo’res.co.n’rolnmg the sohd.sorben’r in the Cllme\.Norks coanc’ror - tid n Statistical
ambient conditions is critical in determining optimal  First-principles vocgum—ossm’red ’rempero’rure swing adsorption E i " i Analysis
site locations and control strategies o minimize model developed in Aspen Adsorption " | T}
negative impacts

@)
=
p+dp, T+dT, CyCle Configurg'l'ion Of Aspen mOdel 2023—01-()']_00:30:00 2023—06-l|6 16:30:00 2023—11-3&)03:30:00 0 10 -0 30 20 %
O
)

* This work demonstrates tool development that can be yi+dyy, m+dng § AT e rompersrs ()
. . . . . —~p_ ) a | | | o L . .
implemented with first-principles models to better i I R VPV R S T .—1_KPIDistribution [ | | Clustering
understand these impacts i oen | | (O () (O Propagation B Aem S
7 . ! ; S| I | - <V | : o e
o { g . ol , g o i &l e ; o through
Modeling of NETL DAC PIM Sorbent e S — S N .= Process Model -
— Air . Air . . eam .
Zy — T | g | g g | Using FOQUS
C02 |So'|'he|'m Mode': q - [ qoobP ] + [ qoobP ] - , 2. T, yi s " 1. Re-pressurization 1 2. Adsorption ! 3.V;<;L;:ir:gand ' 4. Regeneration o5 il .
ope cO, — : : : : : : : :
MOdlfled Tolllh‘l 2 (1 + (bp)t)l/t chem (1 + (bp)t)l/t phyS 0'00_272 274 275(:05:::(:3;3?& [sﬂifne] 284 286 288 0.002 0.004 Ds-f:l:c”ltliﬁﬂsu“li-lﬁdl;y?ﬂlE 0.014 0.0186
odified Toth Mode Modified Toth Model o o o o i i i
Mdf f;ihii'@moogggg,w Techno-economic Ophmlzahon Analysis of Candidate Site (Odessa, TX)
237 00°°” ————— T = i ! | iti 262
.-.:?ii;f.ﬁ?ﬂ*i*i;'i;'iii'ie'i" o s IDAES COS'I'ing Framework 0.30 —-—=- Average Ambient Conditions w0 I
: £ « Uses NETL Quality Guidelines for Energy IDAES 02s- 61
System Studies methods and implemented 7 :
5 = 101 . 0.20 T o 2
: as IDAES library? % 2 > s 280 %
. . . » | s g 2 2
— o « Costing information obtained from NETL e CCS t g 0] : :
0071 | | | | _ 34|8K 0'0_15_4 L L o T DAC SOI’beﬂT RepOrT4 ' 0.10 T ) 10 + ETBE
0.0 0.2 D.?:.ressure fba{:iﬁ 0.8 1.0 Pressure (bar) . . . . . .
Derivative-Free Optimization Using CCSI? Toolset (FOQUS) 005 N 278
H,O Isotherm Model: o =g KaasCoXry mxl'n f(x) Cost of capture ($/tonne) 0.00 L . . -
—_— 272 274 276 278 280 282 284 286 288 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016
GAB MOde|2 H30 m (1 — KadeRH)(l + (CG — 1)KadeRH) < t Cost of Capture [$/tonne] Specific Humidity (-)
T « Cost of capture increases at higher tfemperatures and specific humidities
0.7 1 = —— Relative Humidity (-) [ 7 L U o . o . ‘1 ‘L s Ji4:
- otoains k) | xL < x <x Decision variable bounds Cost of capfure is most sensitive to specific humidifies
. - ---- Model Prediction i °
%5 = 5*‘—5 h(x) =0 Modeling eqgs. (mass balances, energy balances, etc.) CO“CIUSlOnS
£ 04 , - <0 . * Modeling tools available in IDAES and CCSI? open-source software were used
503 3% g(x) < Process constraints to model PIM sorbent technology for DAC applications
go.z- - . 22 R i « The FOQUS tool enables the propagation of conditions through process models
o1l I ! esulis » Critical analysis is needed to determine the robustness of the process to
0.0 0

o N | , Opfimized Loading Profile for Optimized Case ambient conditions and to identify needed control strategies to transition from
0 200 400 600 800 Metric Value Re-pressurization Blowdown <’-"=tF’UFQe\1 one condition to another
Time (minutes) 25 =] .
R

v
: Adsorption egeneration
Effect of Humidity on CO, Adsorption: Recovery 0.73 E ’ ’ References
y 2 p * . = 2 A : : [1] F. Sabatino et al. (2021). A comparative energy and costs assessment and optimization for direct air capture technologies. Joule 5(8), 2047-
CO, product purity fe : - : 2076. https://doi.org/10.1016/jjoule.2021.05.023
4.5 Y 095 = : e B : [2] J. Young et al. (2021). The impact of binary water—CQO, isotherm models on the optimal performance of sorbent-based direct air capture
Ny (water-free basis) e 1.9 1 L ez ! orocesses. Energy Environ. Sci. 14(10), 5377-5394. https://doi.org/10.1039/D1EEQ1272)
. . . - I == b . . . . . . . .
H . == [3] J. Theis et al. (2021). Quality Guidelines for Energy System Studies: Cost Estimation Methodology for NETL Assessments of Power Plant
Css Assqmp.’r.lon. The limited : = - | | Performance (No. DOE/NETL-2011/1455, 1513278). NETL. https://doi.org/10.2172/1513278
g availability of data was Energy requirement 14.71 T | | [4] J. Valentine, A. Zoelle, et al. (2022). Direct Air Capture Case Studies: Sorbent System. (No. DOE/NETL-2021/2865). NETL.
S~ e 0 3 ! ! https://doi.org/10.2172/1879535
€ s addressed by comblnlng [M‘J/kg COQ] ~ 05 - [5] Global Modeling and Assimilation Office (GMAQ) (2015), inst3_3d_asm_Cp: MERRA-2 3D IAU State, Meteorology Instantaneous 3-hourly (p-
£ the sorbent PIM-1-AO-TAEA o o i Entrance Middle Exit - - - - Averaged i coord, 0.625x0.5L42), version 5.12.4, Greenbelt, MD, USA: Goddard Space Flight Center Distributed Active Archive Center (GSFC DAAC),
g 20 CO. isotherm with available PdeUCTlVlTy 15 47 @) . | Accessed 3/1/24 at doi: 10.5067/VIAFPLITCSIV.
c 1 11 1
@ 1.5 2 . 0 + L .
£ 3 | | T I I
S 1o enhancement factor [kg COZ/h/m ] 0 5 10 15 20 25 30 | The authors graciously acknowledge funding from the U.S. Department of Energy, Office of Fossil Energy and Carbon Management,
- models for other materials Cost of capture _ _ through the Carbon Dioxide Removal Program.
' (LGWCITIT VP OC ] 0652) . p 2682 Time (I’I"Iln) Disclaimer: This project was funded by the United States Department of Energy, National Energy Technology Laboratory, in part, through a site support
0.0 [$/1’Oﬂﬂe] Amblerﬂ' COﬂdiﬂOﬂS' 25 OC 507 reloﬂve contract. Neither the United States Government nor any agency thereof, nor any of their employees, nor the support contractor, nor any of their
0-00001 0.0001 0.001 0.01 0-1 ! y ’ ° employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any
CO, Partial Pressure (bar) hum|d|1-y 1 atm information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
*COSTS are relimiﬂCI DO NOT ClTE ! specific commercial product, process, or service by trade name, tfrademark, manufacturer, or otherwise does not necessarily constitute or imply its
p ry' endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed
herei t ily stat flect th f th it tat t th f.
Contact: Ryan Hughes, NETL support contractor, Ryan.Hughes@netl.doe.gov erein do not necessarily state or reflect those of the United States Government or any agency thereo

U.S. DEPARTMENT OF

'ENERGY



mailto:DaisonRyan.YancyCaballero@netl.doe.gov

	Slide Number 1

