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‘ d CCS| For Accelerating Technology Development

’ ‘ Carbon Capture Simulation Initiative

Rapidly synthesize Better understand Quantify sources and
optimized processes internal behavior to effects of uncertainty to Stabilize the cost
to identify promising ‘ reduce time for ‘ guide testing & reach ‘ during commercial
concepts troubleshooting larger scales faster deployment
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CCSI Mission

 Develop new computational tools and models to enable
iIndustry to more rapidly develop and deploy new advanced
energy technologies

— Base development on industry needs/constraints

« Demonstrate the capabilities of the CCSI Toolset on non-
proprietary case studies

— Examples of how new capabillities improve ability to
develop capture technology

 Deploy the CCSI Toolset to industry
— Support initial industry users
— Obtain feedback on features and capabilities
— Arrange for long term commercial licensing
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CCSI Timeline

* Organizational Meetings: March 2010 - October 2010

e Technical work initiated: Feb. 1, 2011

 Preliminary Release of CCSI Toolset: September 2012
— Initial licenses signed

« CCSI Year 3 starts Feb. 1, 2013
— Began solvent modeling/demonstration component

« 2013 Toolset Release: October 31, 2013

— Multiple tools and models released and being used by
Industry

 Future
— 2014 Toolset Release: October 31, 2014 — planned
— Final release and workshop late 2015
— Commercial licensing late 2015 or early 2016
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Advanced Computational Tools to Accelerate
Carbon Capture Technology Development

Risk Analysis & Decision Making

_ _ - : Advanced
Validated High-Fidelity CFD Process Design & [yl e
Optimization
. . Tools & :
Uncertainty Quantification Dynam|cs

Uncertainty Quantification

High Resolution
Filtered Sub-models Process Models

Uncertainty Quantification

\Basic Data Sub-models

Cross-Cutting Integration Tools
Data Management, Execution Gateway, GUI, Build & Test Environment, Release Management
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Tools to develop an optimized process using rigorous models

lean
sorhent

Surrogate models for
each reactor and
technology used

...........

Uncertainty

Uncertainty

Uncertainty
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Basic Data
Submodels

Optimized
Process

Uncertainty

Uncertainty
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Framework for Optimization, Quantification of Uncertainty and Sensitivity

U Analysis

ALAMO Simulation T I iREVEAL
Surrogate Based Quantificatign Surrogate Data Management |
Models Optimization Models Framework
, Kinetic Moded

it ~
FOQUS

I (
Framework for Optimization Quantification of Uncertainty and Sensitivity (G

Results

Samples

— Meta-flowsheet: Links simulations, parallel execution, heat integration

A

SimSinter Configuration €
Graphical Interface

\ 4

e ) Simulation: Aspen Plus,

SimSinter: standard

€| interface for simulation |[€=>» Aspen CustomiModeler,
: gPROMS, Microsoft

software, graphical tool Excel

Turbine: Simulation
gueuing/execution, error
and result management

D. C. Miller, B. Ng, J. C. Eslick, C. Tong and Y. Chen, 2014, Advanced Computational Tools for Optimization and Uncertainty Quantification of Carbon Capture Processes. In Proceedings
of the 8th Foundations of Computer Aided Process Design Conference — FOCAPD 2014. M. R. Eden, J. D. Siirola and G. P. Towler Elsevier.
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Analyze output uncertainty with FOQUS
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Simulation & Experiments to reduce time for design/troubleshooting

Experimental Validation

Process Models &
Optimized Process
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Pilot Scale
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Predict Quantitative Confidence of 1IMWe

. Typlcal CFD results
Bed height 5.36 m (void fraction <0.95)

adsorption rate highest

from 16%

BFB Reactor

Temperature highest in the bottom where CO,

Sorbent amine molar fraction reduced to 6.5% at exit
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Advanced Solvent System Scale Up

Purified
Gas
~§o|vent

Lean

Intalox® Ultratm *

packing™ F|ye Gas

25-80 mm

8D

Film
Source®
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FLEXIPAC®1

Columnz;
® ~10m
H ~30m

layer height2:
~20cm

o Cannot model entire
column focusing in on all
N physical phenomenon
| o Multi-scale approach
rto stripper required
Liquid
Rich | wa o Fim o Developing closure
Solvent “ :
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CCSI Release 2013.10.2

Basic Data Submodels

High Resolution Filtered
Submodels

Validated high-
fidelity CFD models
& UQ tools

Process Models

Optimization and UQ
Tools

Dynamics & Control D-RM Builder

Risk Analysis Tools

Crosscutting Integration
Tools

CCSI

Carbon Capture Simulation Initiative
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High viscosity solvent model

SorbentFit — Kinetic/diffusion basic data fitting tool with UQ
Attrition Model

Cylinder Filtered Models with quantified uncertainty bounds
1 MW Adsorber and Regenerator CFD Models (validated)
Large scale adsorber and regenerator CFD Models

Statistical Model Validation Tool for Quantifying Predictions
REVEAL: Reduced Order Modeling Tools for CFD and ROM Integration Tools
Bubbling Fluidized Bed Reactor Model

Moving Bed Reactor Model

Multi-stage Centrifugal Compressor Model

Membrane CO, Separation Model

Reference Power Plant Model

FOQUS — Optimization & Quantification of Uncertainty
ALAMO - Surrogate models for optimization

Process Synthesis Superstructure

Oxy-Combustion Process Optimization Model

Technical Risk Model

Financial Risk Model

SimSinter — Links simulation files to FOQUS/Turbine

Turbine Science Gateway — Runs hundreds of thousands of simulations
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Toolset Deployment

Initial licensees: ALSTOM

(]
o _ Chevron
o Additional licensees: B4\ =
e Others licenses in progress.... ExonMobil | ey
ENASTMAN 5““';';;';%
« CRADA: gADA In development
o Support: Help available for installation and use issues
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56 National Lab researchers
35 Students/post-docs
9 Professors
5 National Labs
— 5 Universities
20 Companies on IAB

Disclaimer This presentation was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof.
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