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Presenter
Presentation Notes
Optimization tools for process synthesis & design
The technical and economic performance characteristics of a new technology are strongly dependent on the configuration, interconnections operating conditions and integration of equipment into a process. Thus, in order to rigorously screen and evaluate new technologies, it is important to ensure that an optimal process is used for the evaluation. The optimization tools being developed by CCSI will (in conjunction with CCSI Models and RM tools) enable the identification of optimal equipment configurations for potential capture processes allowing (1) more effective screening of materials and concepts, and (2) identifying the types of devices and processes that should be the focus of more detailed modeling and analysis. 

This approach utilizes CCSI-developed rigorous process models incorporated CCSI-developed basic data submodels. 
These process models can be integrated using a CCSI-developed simulation-based optimization framework which utilizes advanced derivative free optimizers and can run thousands of simulations in parallel to develop an optimal process. 
Alternatively, a superstructure can be used to develop an optimal process configuration balancing operational cost with capital cost. CCSI has development an approach to automatically general algebraic models (suitable for such superstructure optimization) from the rigorous process models, enabling consistency among approaches and making these advanced optimization approaches more accessible to industry. 
Since the superstructure is optimized using surrogate models, the resulting process can be verified and further optimized by using the simulation-based optimization framework.
The resulting process can then be assessed for uncertainty. Future work will integrate uncertainty quantification capabilities directly with the optimization tools to directly enable optimization under uncertainty.


Computationally screen sorbent materials, devices, and processes: Developing processes based on a few, promising materials reduces development cost and time
Rapidly consider the trade-offs associated with putting a new concept into a process: Quickly developing an optimized process shows the potential of new a concept when integrated into a system
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+ Treats simulation as black box (does not require mathematical 
details of model) 
 

+ Does not require simplification of the process model 
 

+ Readily adapted for parallel computing 
 

− Not well suited for problems with many variables such as heat 
integration, and superstructure optimization 

 

Simulation-Based Optimization 

Easy to implement 

Goal: Develop a simulation-based optimization 
framework with heat integration for large-scale high-
fidelity process models. 

High-fidelity models applied 

Computational time reduced 

Heat integration is a separate module in optimization 
Superstructure optimization pre-determines best topology 
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Simulation-Based Optimization Framework 

Graphic 
Interface 

Problem 
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Problem Definition File (Session File) 

Optimization Settings 
 

Black-Box optimization parameters, bounds, variable scaling 

Meta-Flowsheet 
 

• Connect Multiple simulations and calculations 
• Recycle loops are allowed 

Model Settings 
 

• Define input and output variables for simulations 
• Specifies simulation files and metadata 
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Optimization Engine  
Input 

Problem, initial guess, solver 
parameters 

Output 
Best solution  found 

 

Derivative-Free Optimization Solver 
 
   
 

 

Sam
ple Set 

Parallel  Flowsheet Execution 

Meta-Flowsheet 

Heat Integration 

R
esult Set 

• Generates sample sets  based on input 
• Attempts to find minimum objective 

Meta-Flowsheet 

Heat Integration 
Meta-Flowsheet 
 

• Connects to Turbine to run simulations. 

Heat Integration 
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• CMA-ES 
– Covariance Matrix Adaptation Evolution Strategy 
– For difficult non-linear non-convex optimization problems in 

continuous domain 

• SNOBFIT 
– Stable Noisy Optimization by Branch and FIT  
– For the robust and fast solution of noisy optimization problems 

with continuous variables 

• Global-OPT (DOES) 
– Uses design of experiments to determine the global optimum 
– Can optimize smooth and not-smooth, continuous and discrete 

variable problems 

Derivative-Free Optimization Methods 

https://www.lri.fr/%7Ehansen/cmaesintro.html
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Software Integration 
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Graphic Interface 
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Meta-Flowsheet Editor 
Home Screen (load/save session files define models) 

Flowsheet Editor 
Uncertainty Quantification Tools 

Optimization Tools 

Node (a model run on Turbine or Python code) 

 Edge (information transfer 
between models) 

Tear Edge 

Recycle Loop 
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Information Flow 
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Optimization Problem Setting 
Solver selection and parameters 

Problem Definition 

Start/Monitor Optimization 
Select decision variables 

Inequality constraint  
Python expression 

(enforced with penalty) 

Objective function  
Python expression 

Variable Scaling Method 
input variables are scaled 

to be 0 at min and 10 at max 

Min/Max constraints 

Current Value 
(initial guess) 
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Optimization Monitor 
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Simulation-Based Optimization with Heat Integration 

heater 
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Decision Variables Process Results 

Initial Inputs 

Optimal Outputs 

Hot/Cold Stream 
Information 

e.g., Flow rates, 
Temperatures, Enthalpy, … 

Heat Integration Results:  
     Hot/cold utility consumptions 
     Minimum utility cost 
     Minimum number of heat exchangers 
     Optimal matches between hot and 
cold streams 

Simultaneous 
process optimization 
and heat integration 
are achieved in this 
framework  

Parameters 

Physical 
Properties 
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Heat Integration Interface 

Minimum temperature 
difference 

Utility consumptions 

Heat integration inputs 

Heat integration outputs 

Utility cost 
# of heat exchangers 
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Case Study 

PC Power Plant 
(Boiler + Steam 
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Heat Integration Net Power Output, 
Net Efficiency 



17 

Case Study Results 
Objective Function:  Maximizing Net Efficiency 

Constraint:  CO2 Removal Ratio ≥ 90%  

Optimization and heat integration significantly increased net 
efficiency of power plant with CCS.  

Net Efficiency  (%) CO 2 Removal Ratio  (%) 

w/o CCS 

Base Case 42.1 0.0 

with CCS but w/o Heat Integration 

Base Case 26.7 91.3 

Optimal Solution 28.6 90.9 

with CCS and Heat Integration 

Base Case 28.7 91.5 

Optimal Solution 29.9 91.0 
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Software:  FOQUS 

Framework for Optimization and 
Quantification of Uncertainty and 

Sensitivity 
 

 
• Builds on Sinter and the Turbine Gateway 
• Common framework for model execution 

• simulation based optimization 
• uncertainty quantification (UQ) 
• steady state reduced model building (coming soon) 

More information:  https://www.acceleratecarboncapture.org 

https://www.acceleratecarboncapture.org/
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• Simulation-based optimization framework is a suitable tool for 
optimization of large-scale high-fidelity process models. 

• Multiple simulation and optimization software are incorporated 
so that different units or subsystems in the process can be 
modeled in different simulators. 

• Performance of power plant with CCS can be significantly 
increased by optimization and heat integration. 

Conclusions and Future Work 
Conclusions 

Future Work 
• Add more process simulators and optimization solvers into the 

framework. 
• Allow parallel computing for heat integration. 
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