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WaterTAP models and tools are flexible
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Unified

Flexible

Powerful

Platform benefits:
• Reproducible – can run codes that are 

publicly accessible

• Comparable – can updated previous 
analyses with new parameters

• Extendable – can modify and build upon 
previous models

• Open-source

• Multi-hierarchical

• Customizable

• Equation oriented

• IDAES compatible

𝑓𝑓 𝑥𝑥 = 0

Core attributes:

Modular model library: Core capabilities:
• Simulation to evaluate new device integration

• Optimization to explore complex systems 

• Sensitivity analyses to consider uncertainty

• Parameter estimation to fit real-world data

• Data-driven models for complex phenomena

Learning curve for some of the tools can be steep
• Different levels of expertise from users
• Different needs from WaterTAP
• WaterTAP is expanding capabilities to increase accessibility!



Users Project requirements

Different needs require different solutions
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TEA

Parameter estimation

Hands off

Experienced in 
python

Experiences in 
WaterTAP

Hands on no python 
experience

• Unit models
• Properties
• Costing library
• Surrogate 

modeling GUI flowsheets

Integrated workflows

Tailored for specific needs
Requires collaboration
Requires data and ideas exchange



Workflows

Beginner user

Intermediate user

Expert user

Overview
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Solvent extraction

Process

Surrogate modeling

TEA



Solvent extraction process
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Solvent extraction Solvent Recovery $

$

Deshmukh, A., Foo, A. H., Stetson, C., Hyeonseok Lee, H., Orme C. J., Wilson A. D., Lienhard J. H., 
"Thermodynamics of solvent-driven water extraction from hypersaline brines using dimethyl ether", 2022, 
Chemical Engineering Journal, Vol. 434, https://www.sciencedirect.com/science/article/pii/S1385894721059611 .

https://www.sciencedirect.com/science/article/pii/S1385894721059611


WaterTAP accelerates flowsheet building and TEAs
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Compressor

Solvent 
extraction

Brine

Evaporator

Feed

Condenser

Extracted water

Compressor

Evaporator

Condenser

Cooler

Flash

WaterTAP/IDAES 
model library

WaterTAP tailored model 
for the process

WaterTAP costing 
library

N stages

N stages



What happens when you do not have a model?
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Compressor

Solvent 
extraction

Brine

Evaporator

Feed

Condenser

Extracted water

N stages?

There are many 
reasons to not have a 

predictive model:
• Time 
• Convergence
• Complexity
• Etc.



Surrogates are a modeling solution 
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Compressor

Solvent 
extraction

Brine

Evaporator

Feed

Condenser

Extracted water

N stages

There are many 
reasons to not have a 

predictive model:
• Time 
• Convergence
• Complexity
• Etc.

Experimental and 
simulation data

f(xsalt, T) to calculate 
compositions in outlet 
per stage

?

Deshmukh, A., Foo, A. H., Stetson, C., Hyeonseok Lee, H., Orme C. J., Wilson A. D., Lienhard J. H., 
"Thermodynamics of solvent-driven water extraction from hypersaline brines using dimethyl ether", 2022, 
Chemical Engineering Journal, Vol. 434, https://www.sciencedirect.com/science/article/pii/S1385894721059611 .

https://www.sciencedirect.com/science/article/pii/S1385894721059611


Can surrogate translate to process scale?
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Solvent 
extraction

Deshmukh, A., Foo, A. H., Stetson, C., Hyeonseok Lee, H., Orme C. J., Wilson A. D., Lienhard J. H., 
"Thermodynamics of solvent-driven water extraction from hypersaline brines using dimethyl ether", 2022, 
Chemical Engineering Journal, Vol. 434, https://www.sciencedirect.com/science/article/pii/S1385894721059611 .

https://www.sciencedirect.com/science/article/pii/S1385894721059611


Surrogate are accurate at process scale
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Collaborators studyWaterTAP surrogate



Detailed TEA gives comparable LCOW values
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Detailed TEA gives comparable LCOW values
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What if we need to change the data?
What if the price of the solvent changed?

What if we can lower recovery costs?
Who will be able to run this analysis?



Workflows

Beginner user

Intermediate user

Expert user

Overview
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Solvent extraction

Process

Surrogate modeling

TEA



Workflow – Limited expertise (Screen solvents)
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User input
AutomatedSolvent equilibrium data

Jupyter notebook
Read csv

Create surrogate

Build and solve flowsheet
Compare water extraction

Compare to existing DME paper

Provide solvent price & recovery cost
Calculate economics

Costing sensitivity analysis



Workflow - Data Tailored DME extraction comparison
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User input
AutomatedSolvent equilibrium data

Jupyter notebook
Read csv

Create surrogate

Build and solve flowsheet
Compare water extraction

Compare to existing DME paper

Provide solvent price & recovery cost
Calculate economics

Costing sensitivity analysis



Workflow – surrogate building
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Name of data file and number of experiments



Workflow – Limited expertise (Screen solvents)
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User input
AutomatedSolvent equilibrium data

Jupyter notebook
Read csv

Create surrogate

Build and solve flowsheet
Compare water extraction

Compare to existing DME paper

Provide solvent price & recovery cost
Calculate economics

Costing sensitivity analysis



Workflow – Water extraction 
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Compare to existing DME paper

Workflow – Limited expertise (Screen solvents)
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User input
AutomatedSolvent equilibrium data

Jupyter notebook
Read csv

Create surrogate

Build and solve flowsheet
Compare water extraction

Provide solvent price & recovery cost
Calculate economics

Costing sensitivity analysis



Workflow – LCOW calculation
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Provide solvent price & recovery cost
Calculate economics

Compare to existing DME paper

Workflow – Limited expertise (Screen solvents)
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User input
AutomatedSolvent equilibrium data

Jupyter notebook
Read csv

Create surrogate

Build and solve flowsheet
Compare water extraction

Costing sensitivity analysis



Workflow – Sensitivity analysis
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$ Inlet solvent

$ Solvent Recovery



Workflow – Intermediate expertise (Similar solvents)
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Property data
Cp parameters 
Peng-Robinson parameters
Density
Etc.

json

User input
AutomatedSolvent equilibrium data

Jupyter notebook
Read csv

Create surrogate

Build flowsheet
Read .and overwrite property packages
Solve flowsheet

Compare water extraction metrics

Provide solvent price & recovery cost
Calculate economics

Costing sensitivity analysis



Workflow – Experienced user (Different recovery process)

24

Property data
Cp parameters 
Peng-Robinson parameters
Density
Etc.

json

User input
Automated

Solvent equilibrium data

Phyton file
Read csv

Create surrogate

Build flowsheet
Read and overwrite property packages
Solve flowsheet

Compare water extraction metrics

Provide solvent price
Calculate economics

Costing sensitivity analysis

Build recovery 
process flowsheet
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Summary

• Release the workflows in the repository
• Add process flowsheet to GUI
• Gap analysis on unit models required for recovery of different types of solvents

Ongoing work

• WaterTAP tools are flexible 
• We can create tailored workflows for users and needs
• We created an easy-to-use solvent screening tool 
• WaterTAP is expanding its capabilities and accessibility
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• National Energy Technology Laboratory: David Miller, Tim Bartholomew, Markus Drouven, Andrew 
Lee, Andres Calderon-Vergara, Adam Atia, Chenyu Wang, Marcus Holly, Travis Arnold, Hunter Barber, 
Alejandro Garciadiego, Elmira Shamlou, Zhuoran Zhang, Savannah Sakhai

• Lawrence Berkeley National Laboratory: Deb Agarwal, Dan Gunter, Keith Beattie, Oluwamayowa 
Amusat, Jangho Park, Ludovico Bianchi, Jennifer Stokes-Draught, Xiangyu Bi, Michael Pesce

• National Renewable Energy Laboratory: Ben Knueven, Ethan Young, Jared Allen, Jordan Macknick, 
Kurby Sitterley, Kinshuk Panda, Zach Binger, Mukta Hardikar, Paul Vecchiarelli

• Oak Ridge National Laboratory: Srikanth Allu, Austin Ladshaw, Gavin Wiggins

• SLAC National Accelerator Laboratory: Alex Dudchenko

Thank you

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.



Questions?
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