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Objective: Develop a modeling platform to evaluate water treatment options and identify 
high impact opportunities for innovation within materials, processes, and systems

WaterTAP is a software tool for water treatment 
technoeconomic assessments
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Objective: Develop a modeling platform to evaluate water treatment options and identify 
high impact opportunities for innovation within materials, processes, and systems

WaterTAP is a software tool for water treatment 
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Multiple research programs are funding WaterTAP
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• DOE’s water desalination hub
• $110M over 5 years across multiple national labs, 

universities, and industry partners
• Advance early-stage desalination technologies

Industrial Efficiency & Decarbonization Office (IEDO)
• Advance water resource recovery systems
• $27M over 3 years across 15 research projects
• Biological wastewater treatment technologies

Solar Energy Technology Office (SETO)
• Advance solar driven high salinity 

desalination technologies
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WaterTAP is a process systems engineering tool built 
on other DOE investments 
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• Open-source

• Multi-hierarchical

• Customizable

• Equation oriented

• IDAES compatible

𝑓𝑓 𝑥𝑥 = 0

Unified

Flexible

Powerful

Software release:
• Publicly accessible on GitHub
• Released every quarter
• https://github.com/watertap-org/watertap
• One-click code-signed downloads for GUI 

https://watertap-org.github.io/

Software engineering:
• Industry standard development practices
• Every code change must pass peer review, 

code standards, and automatic tests
• Online documentation updated for each release
• Modular packaging system supports 

many users & contributions

Scan QR code for 
documentation and tutorials 

https://github.com/watertap-org/watertap
https://watertap-org.github.io/


Assessing technoeconomic performance:
• Simulation and optimization of treatment trains 

assembled from modular model library
• Parametric and stochastic sensitivity analyses

Interfacing experimental data and models:
• Parameter estimation tools - fitting mechanistic 

models to data
• Surrogate modeling tools – developing empirical 

models from data with PySMO and ALAMO

Representing systems over time:
• Multi-period modeling tools from DISPATCHES

IDAES provides core capabilities for WaterTAP
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Multi-period modeling

https://idaes-pse.readthedocs.io/en/stable/explanations/modeling_extensions/surrogate/pysmo/index.html
https://idaes-pse.readthedocs.io/en/stable/explanations/modeling_extensions/surrogate/alamopy/index.html
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Low salt rejection reverse osmosis (LSRRO)

Decision variables:
• Membrane area
• Operating pressure
• Salt permeability/passage

Highly interconnected system

WaterTAP supports the analysis of emerging water 
treatment technologies
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Atia et al. Desalination. 2023, 551, 116407



Quantifying technoeconomic viability through comparison
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LSRRO Mechanical vapor compression (MVC)

Atia et al. Desalination. 2023, 551, 116407 Tucker et al. Under Review at Desalination



Lowest cost technology
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LSRRO MVC

Quantifying technoeconomic viability through comparison



Parameter sensitivity can be used to prioritize development
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Atia et al. Desalination. 2023, 551, 116407

Case: 100 g/kg and 50% water recovery



Parameter sensitivity can be used to prioritize development
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Case: 100 g/kg and 50% water recovery



Case: 100 g/kg and 50% water recovery

Multi-dimensional analyses are enabled by comprehensive 
modeling capabilities
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Atia et al. Desalination. 2023, 551, 116407



Varying performance and cost parameters 
establishes research targets
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LSRRO base case

Case: 100 g/kg and 50% water recovery

Atia et al. Desalination. 2023, 551, 116407



compaction factor
Compaction model

compaction factor
Compaction model

Understanding the impact of membrane compaction 
and increasing costs for high pressures
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Dudchenko et al. In preparation

ERD

ERD

RO

RO

RO

Waste

ProductFeed
PolishingRepeated

Multistage high pressure reverse osmosis (HPRO)



Understanding the impact of membrane compaction 
and increasing costs for high pressures
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Stochastic analyses help prioritize the most 
impactful innovations
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Parameters Base Improved 
Membrane performance
Water permeability (LMH/bar) 2.5 10
Salt permeability (LMH) 0.16 0.04
A compaction multiplier* 1 0.5
B compaction multiplier* 1 0.5
Annual membrane replacement 20 10
Module performance
Mass transport rate multiplier 1 2
Friction factor multiplier 1 0.5
Pump & ERD performance
Pump efficiency 75 90
ERD efficiency 75 95
Cost
Membrane cost ($/m2) 17 8.5
Pressure vessel cost ($/m2) 7 3.5
Cost pressure factor multiplier* 1 0.5
Electricity cost ($/kWh) 0.07 0.02

VoI =
%ΔLCOW
Δpercentile

Stochastic value of innovation (VOI)1

• Monte Carlo scenario generation
• Finite difference sensitivity

4x
¼ x

1.2x

½ x

1Dudchenko et al. PNAS. 2021, 118 (37)

Dudchenko et al. In preparation

*theoretical relationships proposed in this work
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Incorporating detailed water chemistry for process 
scale cost optimization
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Water chemistry 
simulations

1. Chemical precipitation
2. pH adjustment
3. Mineral scaling prediction

1 2

3

Surrogate modeling tools 
compatible with WaterTAP

Amusat et al. In preparation



• Water treatment models

• PSE platform for simulation 
and optimization

• Surrogate modeling from 
PySMO and ALAMO

WaterTAP can represent solar driven desalination
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Multiperiod modeling enables time dependent analyses
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Hours



WaterTAP has developed a GUI for non-coders
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Users can modify inputs, solve, see results and save



Future work focusing on analyses and supporting users
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Developing the platform Using the platform Supporting other users

2021

2022

2023

2024

Building out library of 
models and capabilities

Detailed TEAs for 
prioritized technologies

Collaborations within 
research programs 

Scalable software 
ecosystem

Introductory
tutorials
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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.
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