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Overview of FOQUS Software Machine Learning (I\/IL) and Artificial |nte||igence (Al) Plugin Application: Interface Aspen Plus Solvent Column Model With Reduced
Computational Fluid Dynamics Models With Novel Geometries (Deeper Fluids)
YaIIEuaes. to interface and connect models developed in different platforms (Python, Aspen, etc.) Objectives:
. FIOV\)//sheet model—the foundation for im Iemgntin other FO?QUS ca abiﬁties ORI B * Developed a general FOQUS plugin for importing ML-based surrogates. Objectives: Features:
. Convenient to simulate the flowsheet forpdifferent gets of input variabFe values * Support Python-based Pymodel plug-ins (e.g., DeeperFluids or custom models) - Developed a FOQUS plugin for * Builds surrogate mode| for MEA column system.
P ' and integration with detailed process models (Aspen). computational fluid dynamics PyTorch * Design inputs: packing type, column configuration.
Core open-source computational tool within the CCSI-Toolset Features: plugin developed by Lawrence * Qpera’Flon Inputs: solvent |nIet.veIOC|ty, solvent
Comprehensive * Import user-trained TensorFlow Keras models into FOQUS for execution, Livermore National Laboratory. viscosity, solvent surface tension.
Efficignt Analysié optimization, and analysis. « Main output: gas-solvent interfacial area.
Advanced Process ab: of Process . Aut.omatlcally load models_wnh cus_tom neural network layers containing model Define Node Class and Run Method
Slmulators and Multlfunct|onal I\/Iodules Systems variable labels and bound information. “ _ Connect Process and Surrogate Models
M_Ode“ng v Ability to interface with: . Uncertainty « Define user-normalization for more accurate neural network models, leveraging O ADODOO® Solvent et X
Environments - Advanced process simulators (Aspen Plus, gPROMS). e built-in li | ithmi d li thod ) <« IA
- Microsoft Excel spreadsheets. Quan“ﬂcaﬂon_ Ulit-1N linear, Oga” MIC, an powel’ SCa |ng Metnodas. N e ey e | e < IA Solvent'lnlet 0\‘"."{{‘}\\' \
- Python, Pyomo, and MATLAB-based models. «  Simulation-Based Nl | [ «— 1A Velocity ~ @K %P ‘:’@ Ry
- ML/AlI models (TensorFlow Keras and DeeperFluids). and Hybrid *”_*_ """ <A < o" '//"" ;/\\
- Models containing vector variables. Optimizati BT T T e, | U <+ IA A
pt|mlzat|0n. > \T/ Interfacial
* Surrogate ' FOOUS O Flue Gas Area
Modeling Final, < FOQU S . Aspen - ML tool
. ! . Base COde & Model [ CsmmSgms Aspen Model ML Tool (DF)
(primarily ALAMO). trained, Node Edit ” Habameas - (DF) :
. Sequential Design Access ML model ode ItOr 4 Results Analysis
J”PYOMO DARs - of Experiments. ML model and create Interface = CerearZE T dessandiTTUT e Togmime
v Ability to connect and build composite models. . Optimization (TensorFlow flowsheet node 0 T T 1 e g =
2= v Detailed analysis of models using multifunctional modules. Under Uncertaint Keras) plugin / h J
) Supports development and deployment of ANty |
. «  Cloud computing | |
MATLAB | carbon capture technologies : through Amazon ' .
oo iR Chlies ' Web Services. Al

FOQUS Support for Dynamic Process Models FOQUS-MATLAB Plugin FOQUS Interface To AWS For Cloud Optimization

Vector Variable Support: Objectives: Features: Objectives:
« Simulate and optimize models with process variables indexed over space or time. . i i i i i . i i . : : : : :
. otate variable /pproperty orofiles Overpa colurnn P Su%pcl)rtd&mullatlodn,_ diﬂtilTe&%”a'ys'S of unit Support the(;”tlegra;'gr(‘)%”g use of MATLAB + Run multiple simulations or ensembles via remote turbine and Amazon Web Services
o Ve : models developed In : process moaeis in : AWS
. Vec.tonzmg Eython, MATLAB, SimSinter, and Aspen Custom Modeler models. Project Applications: « Support the implementation of CFD . (Reduc):é fime required to solve comblex flowsheets
* Project appllca_tlons: « Membrane Technology Research Membrane simulations in FOQUS through COMSOL- . P '
* RTITCM Pilot Support. TCM Pilot. MATLAB interface via LiveLink. Features:
« Fluor Small Pilot _Support. - Absorber Intensification Modeling. « Support detailed analysis of unit models « Saves time running multiple simulations (e.g., Uncertainty Quantification, optimization).
* Chevron Small Pilot/Advanced MOF. « Industrial Capture Modeling and Pilot Support.  developed in MATLAB as part of a larger - Ability to scale up hundreds of compute nodes for cloud storage.
* TDATCM Pilot. manufacturing process (e.g., reactor or kiln).
- : Application — Industrial Carbon Capture Analysis:
Support Metal-Organic Framework (MOF) Sorbent TEA Screening bpiica P y Application 1: NGCC-EEMPA Economic Optimization
Objectives: s % """ Cement Kiln and Carbon Capture System (MEA based) « Minimize overall levelized cost of electricity. Variables included in %

- Combustion Model — ) " ”w ,
 Integration of dynamic process models into FOQUS for targeted carbon capture applications. gij
- Support for simulations leveraging kinetic, dynamic, and pseudo-steady-state scenarios. ) [ min f (%) ElLE
Metal Organic Framework Fixed Bed: Li—[/—f Absorber Packing Height (m) 21.6 12.0 25.0

Isotherm, kinetic, process modeling and techno economic analys!s of fixed-bed MOF carbon I L Absorber Diameter (m) 12.6 9.0 16.0
capture systems—pilot support through model testing and analysis. XT=> X=X _ _ _
- Modeling for direct air capture and novel sorbent materials such as monolith and hollow fibers in h?ﬁ% z 8 Stripper Packing Height (m) 12.2 8.0 25.0
X) =S
Carbon Capture SyStemS' < FOQUS - Di\Desktop'Kiln_MEA_Integration.foqus - Last saved: 2021-04-01721:48:13 MEAMU g Strlpper Dlameter (m) 3'7 2'0 14'0
Process Model Development, Uncertainty Quantification, and Optimization . .@ @ @. O | (%) - levelized cost of electricity L ean Solvent Loading 0.08 0 01
== == L] s Pt Unesiarty_Opinit SoE s setn Cement-MEA Integrated Model: o h(%) : constraints in Aspen model (mol CO,/mol EEMPA)

8 | frf Heat Exchanger % « For a given cement quality, determined the optimized ' _ _

: e iJ : Tubes . Edge variables are connected as colored below ;Zr??fﬁf;rgr; C02 Composition to be approximately 17.7 mol%. g(f) - 80% maximum allowable Rich Sqlvent Temperature E)c()lt from 87.5 37.0 94.0

¢ | .,;;f.’f,/ i A m of flue gas @ « The optimized integrated model has SRD similar to flooding in columns Lean/Rich Heat Exchanger (°C)

S {; é ST 3 g b I"!LZ;EE_”EZ' Tof flue  ne combusion v et Mo the MEA standalone model, which is approximately __

O 4 s & aw materia as and i i i i

2 EEE Sorent < g compositions Kiln heat 3.2 MJ/kg CO, captured. Solver: CMA-ES (derivative free optimizer) IMuolis OfieL SO e
2 ] duty LCOE = 74 $/MW-hr Local ~ 3 hrs
e > Feed compositions node MATLAB Kiln model node = Combustion Aspen MEA Aspen model node (24 simulations, 4 iterations) FOQUS Cloud ~ 1 hr (expected)
é Inputs: Inputs: model node Inputs:
Flosgas t S 94 Lime saturation factor. *  Mass compositions of raw materials Inputs: *  Flue gas flow rate.
uegasin . , Steam+ CO, ou a . ili 0. . k ure. ' . ole composition of flue gas. ; ; . ;
o B 1 o O . ilu(r:;rzztr%tio. . Es(?ati?)isc:fepr:agirggsr?emperature. Lee:tpi?;%eegi ];Ieucfu?riz by the . ,'le,l,orber gacliing hfe{;ht.g Appllcatl_on 2 F_)ara”ellzed .
'\ SRS Sl Sorbent _ = ;—_—_—;/.—-/:ﬂ L= «  Limestone ratio. : ?olid ﬂgw rate.f N kiln for clinker production). * Stripper packing height. Sequent|al Des|gn of Expenments: Exploration Model
W, 3 outout: emperature orgas atinet *  Limestone ratio. Lean loading. . e Faster desian construction from Pilot study | @&p | of Input @ | Building / ﬁ Optimization | @& | Confirmation
o 0.3 ‘: ) oT 06 | 07 08 . pMass fraction of CaCO,, Ca0. Output | Heat exchange pinch point. . | g ] by A
CL Value for Mass Transfer Model SI0, ALO,, and Fe,0, Compositions of clinker. | f)uthul;[J.e e .Outputi | Simultaneous searcn. .
Emission of CO, from calcination . Mole tomposition of fliegas. + coper reboler duty » Allows for fewer constraints on EJ E!
Ir—|eeaact“?enq.uired by kiln. *  Flow rate of required fuel. ' candidate set size.
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