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Water Management for Power Systems

Program Goal

The Water Management for Power Systems FWP seeks to understand the cost of treating as 
well as developing novel processes to treat effluent streams generated during fossil energy 
extraction and conversion into energy products

Tasks:         Principal Investigators

• Task#2: Guiding R&D for Treatment of Fossil Power Plant Effluent Streams Alison Fritz, Chad Able

• Task#4: Concentrating Wastewater Effluent Streams & Resource Recovery Nicholas Siefert, Charlotte Rutnik

• Task#5: Metrics for Water Use of Power Systems    Erik Shuster, Haleigh Heil

• Task#9: National Energy Water Treatment & Speciation (NEWTS) Database Burt Thomas, Rachel Yesenchak
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              Distribution of Oil & Gas Wells                    Capacity of Existing & Recently Retired Coal Plants 

  

Source: https://water.usgs.gov/orh/nrwww/Otten.pdf       https://www.eia.gov/electricity/data/eia860m/ 

Motivation for Water Management
Produced Water from Oil&Gas Wells and Water Consumption at Thermal Power Plants

US power plants consume 4 billion m3 of fresh water per year

US consumes 50 million tons per year of road salt
World mines ~20 kton per year of Lithium (as Li)

US generates 4 billion m3 of produced water per year
      2 billion m3 of produced water reinjected for EOR
      2 billion m3 of produced water to SWD

Potential for ~100 million tons/yr of salt and ~10 kton/yr of Li 

Cost of SWD of produced water $5-$12 per m3

                 Cost of ZLD $8-$18 per m3

 



• To accurately model treatment and byproduct recovery costs 
for energy wastewaters, we need complete composition data. 

• CoDaRT (Constituent Data Replacement Tool) was developed 
in python to predict missing constituents in a user’s water data 
set using machine learning techniques.

Task#2: Machine Learning Approaches for 
Energy Wastewater Characterization

• The tool applies machine learning algorithms to replace 
missing data 

• The tool can use the user’s data alone or combine user data 
with publicly-available NEWTS datasets. 

• Will be made available in FY24 for public download via EDX

NETL PI: Alison Fritz,       Systems Analysis PI: Chad Able



Task 2: Machine Learning Approaches for 
Energy Wastewater Characterization
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Example data replacement performance for the 
NEWTS USGS Produced Water Database.

Preliminary Results

CO-DART GUI
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Task 2: Machine Learning Approaches for 
Energy Wastewater Characterization

Before data replacement After data replacement

Example using: Rittenhouse et al. 1960s Historical Archived Produced Water Dataset - Submissions - EDX (doe.gov)

https://edx.netl.doe.gov/dataset/rittenhouse-et-al-1960s-historical-archived-produced-water-dataset


Assessment of combustion residual leachate: Local treatment needs and CM recovery

Task#2: Local treatment needs and critical mineral 
market size for combustion residual leachate

https://doi.org/10.1016/j.resconrec.2024.107535 Recoverable Elements in Landfill Leachate, in Terms of 
Element and Total Market

NETL PI: Alison Fritz,       Systems Analysis PI: Chad Able
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Task#4: Concentrating Wastewater 
Effluent Streams & Resource Recovery

Nicholas Siefert (NETL, PI)
 Marcus Poyer(LRST)

Charlotte Rutnik (LRST)
Lance Lin (WVU)
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Synergies between PW and FGD Effluent

• Appalachian produced water is high in divalent cations  (Mg2+, Ca2+, Sr2+, Ba2+)

• Power plant FGD effluent is rich in sulfate  (SO4
2-)

• Potential to make up to 0.4 million tons per year of  Barite (~$70 M/yr)

• Produced water has reducing species (NH4
+, Fe2+, C2H3O2

-)
• FGD biological treatment reactor need these reducing species

• Power plant FGD effluent has oxidizing species that 

   need to be reduced NO3
-, NO2

-, SeO4
2-, SeO3

2-, CrO4
2-

• Synergies make PW&FGD co-treatment advantageous

Mineral Commodity Summaries 2024 (usgs.gov)

https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-barite.pdf


11

Pilot-Scale Testing at WVU (Summer 2023)

Page 4: Water-Energy News - Autumn 2023_Special Edition.pdf (doe.gov)

https://netl.doe.gov/sites/default/files/publication/Water-Energy%20News%20-%20Autumn%202023_Special%20Edition.pdf


PW & FGD Effluent Treatment Process Flow Diagram
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Figure from: Ahmed et al., 2024,

“Co-managing Flue Gas Desulfurized 

Effluent and Produced Water Offers 

Opportunities of Critical Minerals and 

Water Recovery, under review.

Lithium in PW ends up 
in RO Concentrate



Pilot-scale Co-treatment of FGD Effluent and PW

13Schematic

Experimental setup at WVU



Nanofiltration System
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Four NF 270-4040 elements connected in parallel 



Reverse Osmosis (RO) System

15Six SW30-4040 elements connected in series 

RO 1RO 2RO 3RO 4RO 5RO 6

RO-concentrate

RO-permeate
Pressure Valve



Calcite (CaCO₃) Production from Softening
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• Na₂CO₃ requirement: ~35 kg /m³ mixture

• Production yield: ~30 kg/m³ mixture (high-yield)

• SEM-EDS & XRD: calcite (CaCO3)

XRD
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SEM



NF Operational Results
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Parameter 0-45 min (45-65 min)*

FGD flow (gpm) 3.0 1.25

NF inlet flow (gpm) 3.0 3.5

Feed pressure (bar) 24.3 34.5

NF-permeate (gpm) 1.8 2.0

NF-concentrate (gpm) 1.2 1.5

PW flow (gpm) 1.3 1.5

Permeate flux (LMH) 13.0 14.9

NF-permeate recovery (%) 60 67



NF-conc: PW Mixing - Barite (BaSO4) Production 
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• Dry density: ~4.1 g /cm³      Meets API Specs

• Production yield: ~7.5 kg/m³ mixture

• SEM-EDS & XRD: Barite (BaSO4)

XRD
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Low Salinity Water Recovery by Reverse Osmosis
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300 psi-700 psi

(21 bar – 50 bar)

Analyte RO Inlet RO-concentrate RO-permeate

B 189 498 117

Ba²⁺ 0.07 0.43 0.006

Ca²⁺ 453 2,520 0.6

Mg²⁺ 1,270 7,321 1.6

Mn²⁺ 17 96 0.024

Na+ 1,790 9,353 130

Sr²⁺ 7 44 0.01

Cl⁻ 6,928 39,076 182

SO₄²⁻ 207 2,045 -

TDS 12,000 70,000 <500

mg/L

Low-

salinity



Results Summary - FGD-PW Co-treatment
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Figure from: Ahmed et al., 2024,

“Co-managing Flue Gas Desulfurized 

Effluent and Produced Water Offers 

Opportunities of Critical Minerals and 

Water Recovery, under review.



NATIONAL ENERGY WATER TREATMENT & SPECIATION (NEWTS)
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• Energy process wastewater dataset were incomplete, 
non-standardized, and/or difficult to access

• Regulated by different federal and state agencies
• Many datasets were not easily downloadable

• Many datasets list elements, not the species or redox 
state, e.g. Fe(II) vs. Fe(III)  

• Existing datasets are initially not formatted for input into 
modeling and water treatment software

Motivation for NEWTS Database
Prior state of energy-water data

• High-quality, detailed datasets are necessary to design 
treatment technologies and to understand cross-industry 
wastewater re-use opportunities
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NEWTS Public Group on EDX

https://edx.netl.doe.gov/group/newts

➢ Original data as well as each step 

along NEWTS standard formatting 

for input into OLI & GWB

➢ Templates for direct input into OLI 

Studio & Geochemist’s WorkBench

➢ Case studies

➢ NEWTS Data Catalog

➢ Overview Video

➢ Training Videos

https://edx.netl.doe.gov/group/newts
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National Energy Water Treatment & Speciation Database

Leveraging NETL R&D Core Capabilities

Solution: Develop a Nationwide 
Energy Wastewater Data System

• Supplemented with thermodynamic & 

chemical modeling

• Includes waste streams such as:
• Oil & gas produced water

• Energy sector effluent (FGD, etc.)

• Acid mine drainage (OSMRE)

• Landfill leachate

• Brackish ground water

• And more

➢ Enables design of localized treatment

➢ Publicly Available Data hosted & 

displayed through NETL’s EDX®, and a 

custom visualization dashboard

Power Plant Effluent Streams

Abandoned Coal Mine Discharge

O&G 
Produced 

Water

Add water quality attributes 

using thermodynamic and 

aqueous chemistry modeling, 

and fill information across 

spatial and data gaps 

Enabling researchers & 

industry to tailor 

treatment steps to 

localized needs

Assess localized 
composition values, 
scaling potential, 
osmotic pressure, 
estimated flow rates, 
temporal information
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NEWTS Federal Level Dashboard

Enables data 

visualization, 

exploration, 

and download

NEWTS Federal Level Dashboard

Visualization tool for effluent streams from power plants and O&G produced water

NEWTS Dashboard Storymap

https://netl-doe.maps.arcgis.com/apps/dashboards/a5fa4192f7c6478dab3d6180d9c30b84
https://storymaps.arcgis.com/stories/02a7932dd5854bd09ee7f91ae0ee4ac6
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Integrating Water Volume Data
• Acquired 5,096,329 well records (Enverus)

• Spatially aggregated 5,044,327 records to 

Hydrologic Unit Code 8 (HUC 8) 

subbasins (grey outlines on map)

• Reducing to HUC 2 values for CM level 

estimates

• Production data spatially compiled by well 

status (i.e., active, injecting, abandoned)

Data Source: Enverus

Total Water Production 
of Producing Wells

• Well count

• Cumulative production

• Water, Oil, Gas

• Vertical depth statistics

• Supports at-depth 
composition

• Temporal trends

• Producing months 
statistics

https://edx.netl.doe.gov/dataset/newts-well-summary-by-hydrologic-regions-subbasins
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New!     NEWTS State-Level Dashboard

NEWTS State-Level Dashboard

Visualization tool for energy-related waste streams

NEWTS Dashboard Storymap

• 360,000+ samples

• Data from state 

agencies, industry, & 

localized research 

projects

• Aggregated using 

python & attribute 

mapping schema

• Water types:

• produced water

• oil & gas

• mine drainage
• power plants

https://netl-doe.maps.arcgis.com/apps/dashboards/59bb24f5092147378663bc34ec062936#mode=edit
https://storymaps.arcgis.com/stories/02a7932dd5854bd09ee7f91ae0ee4ac6
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Connecting NEWTS Dashboard to the Database
https://edx.netl.doe.gov/group/newts

https://edx.netl.doe.gov/group/newts
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Connecting NEWTS Dashboard to the Database
https://edx.netl.doe.gov/group/newts

https://edx.netl.doe.gov/group/newts
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Templates to easily input 
into GWB Geochemist’s 
Spreadsheet (GSS)

Ease of Input into Aqueous Chemistry Software
Geochemist’s Workbench example
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Templates 
to easily 
input into 
OLI Studio

Ease of Input into Aqueous Chemistry Software
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Integration with Modeling Software
Leveraging tools for filling data gaps & modeling treatment 

Input Water QualityInput Water Stream

Case Studies publicly available on  EDX NEWTS Group
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Data Catalog 
summarizes sources for 
all data sets on EDX

Data Catalog and Citing Datasets with DOI#’s

• Most NEWTS 
datasets have 
unique DOI#’s 
with citations

• Please cite if  
using data in 
publishable 
research
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• Preferred option: 
Comments on 
submissions can 
be sent through 
the EDX site

• Or reach out to 
dataset authors 
listed for each 
resource

Providing Feedback
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Option A

1. Create an EDX account

2. Format dataset for easy 
input into aqueous 
chemistry software

3. Submit dataset to EDX 
using Create Submission

4. Nominate to NEWTS 
Group

Option B

1. Contact NEWTS team to 
assist in data formatting 
and submission to EDX 
and NEWTS group

Creating Your Own Data Submission



NETL
RESOURCES

VISIT US AT:  www.NETL.DOE.gov

@NationalEnergyTechnologyLaboratory

@NETL_DOE

@NETL_DOE

Burt.Thomas@netl.doe.gov
Nicholas.Siefert@NETL.DOE.GOV

mailto:Burt.Thomas@netl.doe.gov
mailto:Nicholas.Siefert@NETL.DOE.GOV
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Nicholas Siefert1, Rachel Yesenchak2, Lucy Romeo2, Madison Wenzlick3, 
Burt Thomas3,Alison Fritz3, Zineb Belarbi4, Devin Justman4, Isabelle 

Pfander4, Michael Sabbatino4, Justin Mackey5, Kathryn Smith6

1National Energy Technology Laboratory, 626 Cochrans Mill Road, Pittsburgh, PA 15236, USA

2NETL Support Contractor, 3610 Collins Ferry Road, Morgantown, WV  26507, USA

3National Energy Technology Laboratory, 1450 Queen Avenue SW, Albany, OR  97321, USA

4NETL Support Contractor, 1450 Queen Avenue SW, Albany, OR  97321, USA

5NETL Support Contractor, 626 Cochrans Mill Road, Pittsburgh, PA 15236, USA

6Carbon Capture Scientific, 2940 Industrial Blvd, Bethel Park, PA, 15102, USA

NEWTS Team & Contact Information



Task#5: Metrics Development

Developed Mission Metrics

Emissions-Reduction
• Tons CO2 abated

• Energy Savings/ CO2 per 

kWh

• CO2 per kg of hydrogen

• Water Consumption/Usage 

Savings

Water Infrastructure
• Modernization of water 

infrastructure

• Power Plant system improvements 

Improving availability

Economic Impact
• Exports
• Impact to GDP
• Reduction in cost of water / $$ 

savings from efficiency gains
• Reduced Downtime

American Jobs
• Developing STEM 

Workforce
• Jobs supported
• Upskilling workforce

Environmental Justice & DEIA
• Social & environmental impact to 

disadvantaged communities
• Workforce development
• Access to clean and safe water / 

clean water production
• Collabs with underserved communities
• Increased energy resiliency and 

democracy

Collaboration and Program 
Interoperability

• Trainings given

• University partnerships

• Industry partnerships

• Knowledge transfer via patents, 

publications and conferences

• Deployment/use of demonstration 

test-beds

Developing meaningful water program metrics that will resonate 

with stakeholders

Applied to Projects

Applied metrics to RIC project to 

communicate accomplishments and 

utilize as template for communicating 

successes of projects across the program

*1 of 2 infographics developed to communicate 

accomplishments of Water Management Program

NETL PI: Erik Shuster,       Systems Analysis PI: Haleigh Heil



Task#5: DOE HQ Annual Accomplishments Report 

Applied metrics across the entire program to communicate successes in the DOE 
Annual Accomplishments Report

Demonstrated 

       7 technologies

Launched

       3 First-of-its kind digital 
tools

8,500 Downloads of digital tools 
utilized by

30 organizations 30 state agencies

Top 100
Private companies to make 
significant market impact

Water Management 
Technology voted

Technology enables single 
powerplant to capture

150M 
gallons of water 

a year

Enough to provide 
water to

1,369 
Average American 

households for a year

Upskilled and trained

115 
Students, university 

faculty, and state and 
regulatory employees

NETL PI: Erik Shuster,       Systems Analysis PI: Haleigh Heil



Task#5: Portfolio Analysis 

Conducted historical portfolio analysis of the Water Management Portfolio since 2018 

DOE Investment by Performer Type

Geographical Distribution of Performers Development Horizons and 
Technology Types

 Current Portfolio (As of 
8/21/23)

NETL PI: Erik Shuster,       Systems Analysis PI: Haleigh Heil
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Back-up Slides for Conference Proceedings
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Integration with Modeling Software
Leveraging tools for filling data gaps & modeling treatment 

Integrating data streams with open source & 

commercial aqueous chemistry modeling 

software to:

• Provide high quality case studies for 

modeling

• Information on precipitates and speciation

• Provide thermodynamic context including 

pH, osmotic pressure, and activity 

coefficients, etc.

• Enable direct integration with treatment 

modeling software for ease of use

Software include:

• OLI Studio

• Geochemist’s Workbench

• DuPont Wave

• NAWI Water-Tap3

Case Studies publicly available on  EDX NEWTS Group
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Aqueous Chemistry Modeling: Case Studies
Using OLI Studio to evaluate scale tendency of FGD effluent from Roxboro plant

Input into OLI Studio
OLI Studio Output Report

Post-Scale Q/K Pre-Scale Q/K

Kinetic induction 
time for scaling 
can be estimated 
for Barite, 
Gypsum, Calcite, 
and Celestine with 
others (silica) 
likely in the future



Techno-Economic Modeling of Treating Energy Influent and Effluent Wastewater Streams

Task 2: Treatment and Byproduct Recovery 
Baseline for Leachate and Produced Waters 

To understand the performance improvements of new 

technologies, it is important to develop a baseline. 
• Calculated median composition data for leachate and 

produced water

• Developed performance and cost estimates for landfill and 

impoundment leachate and produced water

Parameter Name
Median 
Value

ML-Adjusted 
Value

TDS, mg/L 101,336

Ammonia, mg/L 96

Barium, mg/L 2.355

Boron, mg/L 19.51

Bicarbonate, mg/L 231.005

Bromine, mg/L 224

Calcium, mg/L 3,127.5

Carbonate, mg/L 48.885

Chlorides, mg/L 59,200 59,200

Iodine, mg/L 10

Iron, mg/L 21

Lithium, mg/L 10.75 9.22

Magnesium, mg/L 889.115 895.13

Manganese, mg/L 0.885

Potassium, mg/L 402.87

Silicon, mg/L 12

Sodium, mg/L 31,275 31,055

Strontium, mg/L 123.755

Sulfate, mg/L 1,438.375

NEWTS USGS Produced Water Database Compositions, key 
parameters adjusted using CoDaRT



Techno-Economic Modeling of Treating Energy Influent and Effluent Wastewater Streams

Task 2: Treatment and Byproduct Recovery 
Baseline for Leachate and Produced Waters 

The levelized cost of water (LCOW)was calculated for this 
system. A sensitivity analysis shows the LCOW is heavily 

dependent on liquid waste disposal. 

Preliminary Results

Mechanical vapor compression was selected for 
produced water treatment based on a literature review.



Task#5: Portfolio Analysis 

Conducted historical portfolio analysis of the Water Management Portfolio since 2018 

DOE Investment by Performer Type Geographical Distribution of Performers Development Horizons and 
Technology Types

 Current Portfolio (As of 
8/21/23)

TRL Progression by Performer Type

NETL PI: Erik Shuster,       Systems Analysis PI: Haleigh Heil



Task#5: R&D Portfolio Strategy

Developed paper of R&D Portfolio Strategy best practices
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