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Produced Water

» Hydraulic fracturing can consume up to 1 million barrels of water in a 10-12 week frilling cycle

= Once fractured, the well produces oil & gas, but also water

= Some of this is injected water

» Most of it is water entrained underground with oil & gas

= |t is collectively called produced water (PW)

= After separation, most of the produced water is injected underground in disposal wells

Observed Lithium concentrations in Produced Water

» Permian Basin Concentration: 10-30 mg/L
» Appalachian Basin Concentrations: ~69 mg/L
= Minimum Li Concentration Required: ~100 mg/L

10-30 mg/L
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Goal: Can Installation and Routing
decisions help make Lithium Recovery
Operationally viable?

= Systems Based Perspective
= | everaging Optimization Tools

Problem Statement
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Operational Model
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Steps:

1. Operational Problem

* Nonlinear Program (NLP)
* Optimizes Flows, Concentration, Inventory

2. Strategic Problem

« Mixed-Integer Nonlinear Program (MINLP)
* Optimizes Flows, Concentration, Inventory
» Also optimizes Installation decisions

Desalination/
Treatment

Discretized Time Period

Concentration of Lithium exiting desalination facility for the entire time horizon.
Production Focused Case (left), Lithium Focused Case (right).
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Decomposition Algorithm

» Need to consider algorithms to improve computational performance

Pooling and Blending Problem has very similar characteristics to the Produced Water Network
Problem

Past Approaches:

= McCormick Envelopes

= | agrangean Relaxations

= Piecewise Linear Relaxations

= MILP-MINLP Decomposition

Most approaches haven't been tested on large-scale strategic problems

Want to reproduce and improve upon the MILP-MINLP Decomposition

Reduced Sub-Problem (MINLP)
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Next Steps:
» Develop and test a similar decomposition for our Produced Water Network Operational Problem

= Test the decomposition on a strategic problem

Conclusions

= Produced Water has reasonable lithium concentrations that with the help of optimization could be
potentially recovered

= Optimizing blending operations to achieve global optimality presents a formidable challenge

= The MILP-MINLP decomposition with the Hull Reformulation has shown promise in improving
computational time

= Critical Minerals are poised to play a vital role in the future of power generation

Acknowledgements

We gratefully acknowledge support from the U.S. Department of Energy, Office of Fossil Energy and Carbon Management, through the Environmentally Prudent Stewardship Program.

Disclaimer:

This project was funded by the Department of Energy, National Energy Technology Laboratory an agency of the United States Government, through a support contract. Neither the
United States Government nor any agency thereof, nor any of its employees, nor the support confractor, 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, frademark, manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof.

References

S. E. Can Sener, V. M. Thomas, D. E. Hogan, R. M. Maier, M. Carbajales-Dale, M. D. Barton, T. Karanfil, J. C. Crittenden, and G. L. Amy. Recovery of Critical Metals from Aqueous Sources. ACS Sustainable Chemistry &
Engineering, 9(35):11616-11634, 9 2021

U.S. Geological Survey, Department of the Interior. (2022, February 24). 2022 Final List of Critical Minerals. https://www.federalregister.gov/documents/2022/02/24/2022-04027/2022-final-list-of-critical-minerals

Solar Power: Energy Source Fact File!. Fun Kids - the UK’s children’s radio station. (n.d.). https://www.funkidslive.com/learn/energy-sources/solar-power-energy-source-fact-file-2/

Potts, E. (2022, October 31). Lithium-ion battery technology improved with nanosheets. Innovation News Network. https://www.innovationnewsnetwork.com/lithium-ion-battery-technology-improved-with-
nanosheets/26781/

M. G. Drouven, A. J. Calderon, M. A. Zamarripa, and K. Beattie. PARETO: An open-source produced water optimization framework. Optimization and Engineering, 11 2022

Taylor, L. H. (2020, January 29). How big is an olympic-size pool?. LiveAbout. https://www.liveabout.com/how-big-is-olympic-size-pool-2737098

Wachter and L. T. Biegler, “On the implementation of an interior-point filter line-search algorithm for large-scale nonlinear programming,” Mathematical Programming,

vol. 106, pp. 25-57, 3 2006

L. Gurobi Optimization, “Gurobi Optimizer Reference Manual,” 2023

M. Tawarmalani and N. V. Sahinidis, “A polyhedral branch-and-cut approach to global optimization,” Mathematical Programming, vol. 103, pp. 225-249, 6 2005

Misener, R., & Floudas, C. A. (2009). Advances for the pooling problem: Modeling, global optimization, and computational studies Survey Global Optimisation of Mixed-Integer Nonlinear Programs. ADVANCES FOR
THE POOLING PROBLEM: MODELING, GLOBAL OPTIMIZATION, AND COMPUTATIONAL STUDIES SURVEY. In Appl. Comput. Math (Vol. 8, Issue 1).

I. Lotero, F. Trespalacios, I. E. Grossmann, D. J. Papageorgiou, and M. S. Cheon. An MILP-MINLP decomposition method for the global optimization of a source-based model of the multiperiod blending problem.
Computers and Chemical Engineering, 87:13-35, 4 2016

Carnegie
Mellon
University


https://www.funkidslive.com/learn/energy-sources/solar-power-energy-source-fact-file-2/

