
CARBON CAPTURE SIMULATION INITIATIVE FOR  

ACCELERATING COMMERCIAL TECHNOLOGY DEVELOPMENT 

Risk Analysis & Decision Making Framework 

Identify 
promising 
concepts

Reduce the time 
for design & 

troubleshooting

Quantify the technical 
risk, to enable reaching 

larger scales, earlier

Stabilize the cost 
during commercial 

deployment

The U.S. Department of Energy’s Carbon Capture Simulation Initiative (CCSI) 

brings together the National Energy Technology Laboratory (NETL), Los Alamos 

National Laboratory (LANL), Lawrence Berkeley National Laboratory (LBNL), 

Lawrence Livermore National Laboratory (LLNL), and Pacific Northwest National 

Laboratory (PNNL) in partnership with academic and industrial institutions to 

develop and deploy state-of-the-art computational modeling and simulation tools 

to accelerate the commercialization of carbon capture technologies from 

discovery to development, demonstration, and widespread deployment. The CCSI 

Toolset will be used during the scale-up of carbon capture processes to assess 

and mitigate technical and financial risks, to improve designs, and to shorten the 

design cycle.  
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Dr. Mohammad Khaleel , PNNL, 

     Moe.khaleel@pnnl.gov 

Basic Data and Models 

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 CO2 transport 

effects 

Parameter estimation 

(calibration) for 5 parameter 

ideal equilibrium model- 

probability dist. using Bayesian 

methods and expert priors.  

 

Process Synthesis & Design Tools and Models Plant Operations & Control Tools and Models Particle & Device Scale Simulation Tools and Models 

Heterogeneous Simulation-Based Optimization Framework 
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Surrogate Models 

Heat/Power Integration 

Automated GAMS Formulation/Solution 

Derivative Free 

Optimization 

Process Synthesis 

Industry  

Specific  

Collaboration 

Flexible Modular Models 

Solid Sorbent 

Carbon Capture 

Reactor Models 

PC Plant 

Models 

Compression 

System 

Models 

Oxy-

combustion 

Other carbon 

capture 

models 

Automated Learning of Algebraic 

Models for Optimization
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Reduced Order Model Development 

Response Surface 

Latin Hypercube Sampling 

X1, low X1, up 
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Multiple CFD Simulations 

Kriging Regression 

ROM:  and       Matrices 

Principal Component Analysis 

Principal Component Matrix: 

Score Matrix:  

User Interface 
(ROM Builder) 

Exported 

xROM and yROM 

3D a coarse grid model of bubbling bed adsorber 

2D strip for moving bed regenerator 

Parametric studies 
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Increasing steam inlet velocity 

Decreasing bed voidage 

Uncertainty Quantification Framework 

Response surface visualization Variance-based sensitivity analysis 
Model selection page Scatter plots show important variables 

Interfacial area of packing 

Multi-platform workflow 

• Clean Coal Power Initiative (CCPI)-III 

• FutureGen 2.0 

• Industrial Carbon Capture & Storage 

• Regional Carbon Sequestration Partnerships 

• Geologic Sequestration Site Characterization 

• Geologic Sequestration Training & Research 

CCSI is part of the DOE CCS RD&D Roadmap 

Development
engineering basis for moving 

the technology to large scale

Research
new materials/concepts

Commercial 

Deployment
100’s of plants

Demonstration
first plants at large scale

Capture Storage 

NETL-sponsored capture projects 

Carbon Capture Simulation Initiative (CCSI) 

National Carbon Capture Center (NCCC) 

National Risk Assessment Partnership (NRAP) 

NETL-sponsored storage projects 

Academic Partners Industry Advisory Board Member Companies 
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Dynamics of the Stage 1 solids exit temperature  

as a result of 5% step

increase in the solids flow rate
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Simulation results from NETL's open source multiphase CFD software MFIX 

 Overview 


