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The U.S. DOE'’s Carbon Capture Simulation
Initiative for Accelerating Commercialization
of CCS Technology

« CCSI Toolset
e 5 Year Development Plan
e Technical Accomplishments
— How these computational tools can be used today
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Carbon Capture Simulation Initiative

Identify Reduce the time Quantify the technical Stabilize the cost
promising for design & ‘ risk, to enable reaching ‘ during commercial
concepts troubleshooting larger scales, earlier deployment
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CCSI Timeline

« Organizational Meetings
— March 2010 - October 2010
 HQ organized Scientific Peer Review
— January 25, 2011
e Technical work initiated
— February 1, 2011
* Industry Advisory Board Workshops
— February 2011
— September 2011
— April 2012
 Board of Directors Review
— January 2012
o SCC Merit Review (ASME)
— April 2012
* Preliminary Release of CCSI Toolset
— September 2012
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5 Year Plan for Demonstrating CCSI Toolset

FY 2011 FY 2_012 | | FY 2_013 | | FY 2_014 | | FY 2_015
A0(1kWe) | | Al.1l | | ' ' | ' ' |
" A650.1 @
Solid
Sorbents
Industry Industry Review, Feedback, Data Deploy CCSI Toolset to Industry \
Consortium 4 ﬂ
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CCSI Toolset Overview

Particle &
Device Process Plant
Synthesis & Operations
Scale .
. : Design & Control
Simulation
Tools Tools Tools
Basic ™\ Basic ™\
Data Data Data
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CCSI Toolset Overview

New NEW
Capabilities Capabilities
Pgretl\zlfe& Proce§s Plan_t
Basic Scale Synthe_S|s & Operations
Data Simulation Design - & Control
Tools Tools
Tools
Carbon Carbon
Capture Capture
Device Dynamic
Models Models
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CCSI Toolset Overview

Risk Analysis & Decision Making Framework

Uncertainty Quantification Framework

New New New
Capabilities Capabilities Capabilities
c X i
i S Partlc_le & ROMs Process Plant
S 3 _ Device . :
> c | Basic S Synthesis & Operations
o5 cale :
s Data : : Design & Control
- Simulation Tools Tools
Tools
Carbon Carbon Carbon
Capture Capture Capture
Device System Dynamic
Models Models Models
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Sorbent Reaction Model with Bayesian-based UQ

A general lumped kinetic model,
quantitatively fit to TDA data, needed
for initial CFD and process simulations

« High-fidelity model:
— Sorbent microstructure broken down into
three length scales
— Separate treatment of gas-phase and
polymer-phase transport

— Accurately describes TGA features arising
from bulk CO, transport effects

9R,NH + CO»(gas) = RsNCO; + RoNHJ
RoNH + HyO(phys) + CO2(gas) = HCO3; + RaoNHy
H>O(gas) = H2O(phys)

4% CO2 75% 002
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KS Bhat, DS Mebane, H Kim, et al., submitted.
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PC Plant
Configuration

Sorbent Models
Amine, Zeolite,
MOF

External
Collaboration
(ICSE)

Flexible Modular Models

PC Plant Models
Thermoflow

ALAMO

Aspen Plus

Automated Learning of Algebraic
Models for Optimization

Solid Sorbent Carbon
Capture Reactor Models
ACM, gPROMS

Compression System
Models

Rigorous Optimization-based Process Synthesis

Simultaneous
Superstructure
Approach
Power, Heat,
Mass Targeting

Superstructure
for Optimal
Process
Configurations

{
J L

Aspen Plus, ACM,
gPROMS

Methods

Derivative-Free
Optimization

Oxy-combustion
Aspen Plus, ACM,
gPROMS, GAMS

Other carbon capture
models
Aspen Plus, ACM,
gPROMS, GAMS

Industry
Specific
Collaboration

PC Plant Model

Heterogeneous Simulation-Based Optimization Framework

Clean Gas
€02 to Sequestration

o Stack.

SHKX0L

IA HX_Hut

Sal_Heat

ADS-001
_sal_Fsh

RGH-001
CYC-00L

CPRYOD.

SHE-02

Compression System Model

Heat/Power Integration

Automated Formulation/Solution
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Optimized Capture Process
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Dynamic Generic Supercritical PC Plant Model
Dynsim
Flexible Modular Models O
O Flexible Modular Dynamic Models with Process Control

FO e O Solid Sorbent Carbon Capture Reactor Models
Thermoflow
ACM
Aspen Plus
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B uq Configure

CCSI UQ Engine

Select a model and configure samples

Model: MEA |

Configure Samples _J

OR

Import preconfigured setup files and generate samples

File: | -

Canerate Samples I

OR

Load a set of pregenerated samples for UQ analysis

File: [

Configura Analysis I

Browse..,

Browsa... |

User
Interface
(Matlab)

F

Sinter

Uncertainty
Quantification
(PSUADE)

Unix Machine

Link to Process Simulation for UQ Analysis
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CFD of Adsorber & Regenerator (full scale, 1 MW)

3D acoarse grid model of bubbling bed adsorber
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Reduced Order Model Development

User Interface

Latin Hypercube Sampling (ROM Builder)

Xz

- . e a5

DERSanEma =0t

Exported
XxROM and yROM
Kriging Regression Principal Component Analysis
. o . X=X =U"Z2 (V" = ¥a
y(x) - f(x) B +T’(JC) 14 Principal Component Matrix: W
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Formal Risk Metrics as Flexible Tools for Risk Analysis

Project Progression

Component Validation Mini-Plant Design and Development Pilot-Plant
in relevant (small-scale pilot in relevant Design and Development (large-scale

Production Plant

: . o . . Design and Construction
environment environment) demonstration in operational environment) TRL=8

TRL=5 TRL=6 TRL=7

2 4 7 12
Using TRLs to Control Risk of Technology Transition

ReguirementsI igh risk for technology transition Low risk for transition

Risk

Mitigation . g
Increasing Knowledge
>
Risk ( Risk TRL
Prioriti- Models 1
zation 0.9 1 mOptionA
. 0.8 1 mOption B
Decision 0.7 4 u Option C

Process 06 |
05 -
0.4 -
0.3 -
0.2
0.1

T E R M
T : Technical performance against objective

E : Economic
R: Risk (includes uncertainty in T, E, M, etc.)
M : Maturity (TRL-based)
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Computational Tools to Accelerate
Technology Development & Scale up

Risk Analysis & Decision Making Framework

Uncertainty Quantification Framework
New New New
Capabilities Capabilities Capabilities
c X i
S S Particle & ROMs Process Plant
c 3 _ Device : )
o £ Basic S Synthesis & Operations
5 cale :
= O Data : : Design & Control
- Simulation Tools Tools
Tools
Carbon Carbon Carbon
Capture Capture Capture
Device System Dynamic
Models Models Models
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Potential Benefits to Program

Accelerate Commercialization of Carbon
Capture Technology

Support decision making to move to larger-
scales, more quickly and with better designs

Use science-based models to assess and mitigate
technical and financial risks, to improve designs, and
to shorten the design cycle

Quantify uncertainties in the predictions of science-
based models

Develop validated science-based models of carbon
capture systems, integrating particle (droplet) and
device scale models with process synthesis and
design and process control
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CCSI Collaboration Opportunities
Roundtable - Woodlawn |

This evening @ 5 PM

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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Director: Madhava Syamlal, NETL

Technical Team Lead: David Miller, NETL
Project Coordinator: Roger Cottrell, URS/NETL
IAB Coordinator: John Shinn, SynPatEco

Lab Leads:

David Brown , LBNL

John Grosh, LLNL
Melissa Fox , LANL
Mohammad Khaleel, PNNL

Basic Data & Models Team
Lead: Joel D. Kress, LANL
David Mebane, ORISE/NETL
Berend Smit, UCB/LBNL
Maciej Haranczyk, LBNL
Kuldeep Jariwala, LBNL
Forrest Abouelnasr, UCB/LBNL
Li-Chiang Lin, UCB/LBNL

Joe Swisher, UCB/LBNL

Particle & Devices Scale Team
Lead: Xin Sun, PNNL

Co-Lead: S. Sundaresan, Princeton U.

Sébastien Dartevelle, LANL
David DeCroix, LANL

David Huckaby, NETL

Tad Janik, PNNL

Chris Montgomery, URS/NETL
Wenxiao Pan, PNNL

Emily Ryan, Boston University
Avik Sarkar, PNNL
Dongmyung Suh, PNNL
Zhijie Xu, PNNL

Wesley Xu, PNNL
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Process Synthesis & Design Team
Lead: David C. Miller, NETL
Co-Lead: Nick Sahnidis, CMU/NETL
Larry Biegler, CMU/NETL

Ignacio Grossmann, CMU/NETL
Jeff Siirola, CMU/NETL

Alison Cozad, CMU/NETL

John Eslick, ORISE/NETL

Hosoo Kim, ORISE/NETL

Murthy Konda, ORISE/NETL
Zhihong Yuan, CMU/NETL

Linlin Yang, CMU/NETL

Alex Dowling, CMU/NETL

Uncertainty Quantification Team
Lead: Charles Tong, LLNL
Co-lead: Guang Lin, PNNL

K. Sham Bhat, LANL

Alex Konomi , PNNL

Brenda Ng, LLNL

Jeremy Ou, LLNL

Joanne Wendelberger, LANL

Software Development Support Team
Lead: Paolo Calafiura, LBNL

Co-lead: Keith Beattie, LBNL

Tim Carlson, PNNL

Val Hendrix, LBNL

Dan Johnson, PNNL

Doug Olson, LBNL

Simon Patton, LBNL

Gregory Pope, LLNL
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Plant Operations & Control Team

Lead: Stephen E. Zitney, NETL

Co-Lead: Prof. D. Bhattacharyya, WVU/NETL
Eric A. Liese, NETL

Srinivasa Modekurti, WVU/NETL

Priyadarshi Mahapatra, URS/NETL

Mike McClintock, FCS/NETL

Graham T. Provost, FCS/NETL

Prof. Richard Turton, WVU/NETL

Integration Framework Team
Lead: Deb Agarwal, LBNL
Khushbu Agarwal PNNL
Joshua Boverhof, LBNL
Tom Epperly, LLNL

John Eslick, ORISE/NETL
Dan Gunter, LBNL

lan Gorton, PNNL

Keith Jackson, LBNL
James Leek, LLNL
Jinliang Ma, URS/NETL
Douglas Olson, LBNL
Sarah Poon, LBNL
Poorva Sharma, PNNL
Yidong Lang, CMU/NETL

Risk Analysis & Decision Making Team
Lead: Kristen Kern, LANL

Co-Lead: Dave Engel, PNNL

Crystal Dale, LANL

Brian Edwards, LANL

Mary Ewers, LANL

Ed Jones, LLNL

Rene LeClaire, LANL
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