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I–WEST is looking at equitable transition strategies
for getting to carbon neutral
Objectives
• Develop a stakeholder-based roadmap to achieve carbon neutrality
• Build regional coalitions to deploy the roadmap 

Place-based Approach 
• Prioritize regional attributes and societal readiness first, and technologies 

second
• Explicitly consider non-technological aspects of region—policy landscape, 

revenue and jobs, workforce, equity, energy & environmental justice 

Multiple Technologies and Multiple (Symbiotic) Economies
• Carbon capture, utilization, and storage; clean hydrogen; bioenergy; and 

low-carbon electricity
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Our Partners
I-WEST is sponsored by DOE and led by Los Alamos National Laboratory in partnership with regional colleges 
and universities, a non-profit focused on energy-related policy, and another national lab. 

I-WEST partnered with Sandia National Laboratories on this 
workshop to leverage their expertise in water technology 
research, development, and deployment.
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Why this workshop? 

• The energy sector uses 3.5 trillion gallons of freshwater: this is ~10 percent of 
total U.S. water consumption

• Water is an important factor in energy transition for Intermountain West 
stakeholders, as demonstrated by interest in this workshop

• 175 registered participants, including
− Concerned citizens
− City and state governments
− Energy companies
− Advocacy groups
− Consulting/engineering companies
− Investment companies
− Universities
− Non profits

− US Department of Energy 
(FECM and EERE (the sponsoring organizations); DOE 
Secretary's Office (senior advisor); Arctic Energy Office 
(the director); Office of Economic Impact and Diversity; 
Office of Energy Justice; Office of Policy; NNSA

− National laboratories
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Workshop Overview and Format
Organized by segments
• Segment 1: Water Usage Today and Into the Future
• Segment 2: Tour of Low-Carbon Technology Water
• Segment 3: Emerging Opportunities in Non-traditional Water
Roundtable discussions
• Moderated discussions with the segment speakers 
• Questions and comments are highly encouraged 
Open mic at 11:30 am
• Your opportunity to take the floor for 1-2 minutes to make final comments
Adjourn at 12:00 pm
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Logistics

Let your voice be heard! Share your comments and 
questions during roundtable discussions. 
• Write your comments or questions in the chat and they 

will be addressed during the roundtable discussion
• Raise your virtual hand to be called upon

Raise your hand

Chat and discussions are recorded for internal use. 
If time does not permit us to discuss your question or comment, 

it will still be seen by the I-WEST team after the workshop. 

Use the chat
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Logistics

• Please remember to mute yourself after 
speaking

• Kindly keep the agenda and time limits in mind
• Help foster a respectful conversation where 

everyone can be heard

Have more to share? Contact us: 
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The Energy Water Nexus 



Objective
§ Introduce the Energy-

Water nexus - what is it 
and why should we care?

§ Develop an 
understanding for the 
“interconnectedness” of 
water to everything else

§ Lay the foundation for 
further dialogue in this 
workshop and beyond



Key Points

§ Energy-Water-Climate issues are happening now
§ Multi-sector impacts, including human and 

environmental systems

§ Without attention these issues will intensify
§ Moderating impacts requires adaptation

§ Changing energy portfolios
§ Changing water “portfolios”

§ A carbon neutral future needs a systems 
perspective to limit unintended consequences to 
E-W, the environment, other infrastructure, and 
humans (social equality and justice)
§ All these systems are linked with multiple feedback 

loops

Credit: V. Tidwell, Lake Powell, 6/10/2022



Water for Energy – Withdrawal vs Consumption
Water Withdrawal (BGD)
2005

https://www.usgs.gov/special-topics/water-science-school/science/total-water-use-united-states

U.S. Withdrawals, 2015

Sector Withdrawal Consumption
Thermoelectric 41 % 3 %
Agriculture 39 % 84 %
Municipal 13 % 8 %
Industrial 5 % 4 %
Mining 2 % 1 %



Energy for Water

Source: Green Prophet 2014

Source: Wisconsin Department of Natural 
Resources 2014

Source: Circle of Blue 2015

§ Water sector represents 4-8% 
of Total U.S. Energy 
Consumption
§ Irrigation
§ Treatment
§ Conveyance

§ Irrigation:
§ 100 – 700 kWh/af
§ 455 kWh/af average



Water is Place-Based

Source: USGS



Water is Place-Based
§ Watersheds don’t follow 

political boundaries
§ Water management is 

hierarchical with day-to-
day management done at 
the local scale (esp. 
groundwater)

§ Water flows downhill J
§ My sewage is your supply
§ Competing interests



Energy-Water-Climate-Carbon
§ Climate change manifests 

through changes in the 
hydrologic cycle – both supply 
and demand

§ Water resources are expected 
to be at the forefront of 
climate impacts, with demand-
supply gap expected to be up 
to 40% by 2030

§ Emerging carbon-neutral 
technologies can further 
impact/influence these 
changing water resources

What is Water’s Role in a Carbon 
Neutral Future?

Source: USGCRP 2009



Water’s Diverse Roles
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The E-W-C Nexus is Interdisciplinary
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Chemistry

Ecology

Civil Engineering

Climate Science

Optimization

Systems Dynamics

Hydrology

Biology

Economics …
Social / Behavioral



Parting Questions
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Energy: Are there issues with the transfer or 
reallocation of water that was previously used 
by natural gas/coal power plants to hydrogen 
production? Particularly in drought prone 
regions?

Energy, Industrial Decarb: What type of 
infrastructure is needed to support integration 
of desalination with hydrogen production? 

Energy, Carbon Management: How can we best 
manage produced brine/saline water treatment
to support disposal and beneficial use in 
support of carbon neutral activities? 

Energy, Carbon Management: How is 
uncertainty (price, availability) of assumptions 
captured in water calculations? Are these non-
stationary?

Cross-cutting: How do assumptions in costs and 
prices impact market feasibility analyses of 
these technologies?

Cross-cutting: How would water-energy-carbon 
nexus priorities and challenges (both technical 
and economic, such as financing) vary by 
location? 



Thank You



Energy, Water and the Arid Southwest:
Resources and Challenges

Bruce Thomson
Department of Civil, Construction & Environmental Engineering

University of New Mexico
(bthomson@unm.edu)
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Introduction

• NM & southwestern US plays important role in nation’s energy supplies
• Non-renewable sources of energy

• Fossil fuels - coal, oil, gas
• Uranium

• Renewable sources of energy
• Wind
• Solar
• Others: Biomass, geothermal, hydroelectric

• Potential for large scale energy storage
• Geologic repositories for compressed air storage
• Pumped storage hydroelectric projects

• Waste disposal
• Nuclear waste disposal (WIPP)
• Solid & hazardous waste disposal. See Deserts As Dumps? (Reith & Thomson, 1992)
• Geologic repositories for CO2 storage/disposal

• But the southwest is in an arid & fragile environment. Need to understand impact of energy 
development on water & environmental resources

2



Linkage Between Water & Energy-1
(DOE, 2006)

Energy 
Element 

Connection 
to Water 
Quantity 

Connection 
to Water 
Quality 

Energy 
Element 

Connection 
to Water 
Quantity 

Connection 
to Water 
Quality 

Energy Extraction & Production Refining & Processing 
Oil & Gas 
Exploration 

Water for 
drilling, 
completion & 
fracturing 

Impact on 
shallow 
groundwater 
quality 

Traditional Oil 
& Gas Refining 

Water needed 
to refine oil & 
gas 

End use can 
impact water 
quality 

Oil & Gas 
Production 

Large volumes 
of produced, 
impaired water 

Produced 
water can 
impact surface 
& ground water 

Biofuels & 
Ethanol 

Water for 
growing & 
refining 

Refinery 
wastewater 
treatment 

Coal & 
Uranium 
Mining 

Mining 
operations can 
generate large 
quantities of 
water 

Tailings & 
drainage can 
impact surface 
& ground water 

Synfuels & 
Hydrogen 

Water for 
synthesis or 
steam refining 

Wastewater 
treatment 
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Gray = Energy elements in SW



Linkage Between Water & Energy-2
(DOE, 2006)

Energy 
Element 

Connection 
to Water 
Quantity 

Connection 
to Water 
Quality 

Energy 
Element 

Connection 
to Water 
Quantity 

Connection 
to Water 
Quality 

Electric Power Generation Energy Transportation & Storage 
Thermoelectric 
(fossil, 
biomass, 
nuclear, solar) 

Surface & 
ground water 
for cooling & 
scrubbing 

Thermal & air 
emissions 
impact surface 
waters & 
ecology 

Energy 
Pipelines 

Water for 
hydrostatic 
testing 

Wastewater 
requires 
treatment 

Hydroelectric Water lost to 
evaporation 

Can impact 
water 
temperatures, 
quality, ecology 

Coal Slurry 
Pipelines 

Water for slurry 
transport, 
water not 
returned 

Final water is 
poor quality, 
requires 
treatment 

Solar PV & 
Wind 

None during 
operation; 
minimal water 
use for panel & 
blade washing 

 Barge transport 
of Energy 

River flows & 
stages impact 
fuel delivery 

Spills or 
accidents can 
impact water 
quality 

   Oil & Gas 
Storage 
Caverns 

Slurry mining 
of caverns 
requires large 
quantities of 
water 

Slurry disposal 
impacts water 
quality & 
ecology 
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Gray = Energy elements in SW



Objective & Organization of this Presentation

• How will water resources (quantity and quality) constrain future energy development projects in the 
arid southwest?

• Organization
• Summary of NM water resources
• Summarize water associated with oil & gas (O&G) development

• Water for development (principally fracking)
• Wastewater generated by O&G production (produced water)

• Summarize impacts of O&G development on regional water resources

• Note: This discussion is focused on NM because that’s what I know.  Remember NM is 2nd leading 
producer of oil & 5th leading producer of gas in US (EIA data, March 2022)

• Caveat: Most data in this presentation is current through December 2020.  Explosive O&G development 
in the Permian Basin in past year suggest re-analysis is warranted.
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River Basins & Oil & Gas Regions of NM – Focus is on SE NM (Permian Basin)
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Rio Grande Basin Surface Water Resources
(Thomson, 2012)

• Deliveries below Elephant Butte governed by Rio Grande Compact. Subject of current litigation before US 
Supreme Court

• Total withdrawals ~ 50% surface water
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Q10
2

(kAF/yr)

Rio Grande near Cerro, NM 1949-Present 325.4 106 0.33
Rio Chama near Chamita, NM 1971-Present 413.2 214 0.52
Rio Grande at Otowi Bridge, NM3 1940-2008 962.5 407.2 0.43
Rio Grande at Albuquerque, NM 1974-Present 944.9 436.5 0.46

0.59

Location Period of 
Record1

Average Annual 
Flow (kAF/yr)

Q10/Qavg

Rio Grande below Elephant Butte 
Dam, NM

1917-Present 718.5 422

Public & 
Domestic 

Water Supply
10%

Irrig. Ag & 
Livestock

78%

Commercial 
& Industrial

2%

Mining & 
Power

3%

Reservoir 
Evaporation

7%

Total withdrawals = 3,114,255 

Magnusson et al., 2019



Pecos River Flows

• Pecos is only perennial stream in SE NM

• Deliveries at NM-TX border governed by Pecos River Compact
• Subject of several TX v NM lawsuits claiming under delivery

• Hence surface water is under constant scrutiny

• Total volume of water used in NM is

8

Qavg Q10

(kAF/yr) (kAF/yr)2

Upper Pecos – Anton Chico gage 1929-
2009

88.4 27.3 0.31
Middle Pecos – Below Sumner dam 1950-

2009
127.5 84.8 0.67

Lower Pecos - Malaga 1950-
2009

68.8 25.3 0.37

Gage Location Period of 
Record1

Q10/Qavg



The Permian Basin

Scanlon et al., 2017

9
Sabie et al., 2022



Oil & Gas Production in NM
(OCD Data, Thomson & Chermak, 2021)
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Hydraulic Fracturing (Fracking)

• Fracking involves pumping water down completed well under high pressure to fracture the rock to increase 
permeability of formation.
• Fine sand (fracsand) is added to hold fractures open (proppants)
• Chemicals added for corrosion & scale inhibition, friction reducers, Fe control, biocides, etc.

• Fracking takes 1 – 4 d

• Fracking typically uses 2 – 8 Mgal water ( up to 100 bbl per ft (4,200 gal/ft) of well length)

• 5 – 50% of water returns as flowback mixed with produced water within 4 weeks

• Public often conflates fracking with all aspects of O&G development & production

• Fracking has been practiced in NM for > 50 years with few/no problems

11



Number of Frack Jobs through 2019 & Sources of Water for Fracking

• Source – FracFocus, 2020
• Caution – Vol. of water wasn’t reported until > 2010 

hence early data is unreliable
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• Sources of water used for fracking (OCD data)

• Note: In recent months > 80% of water used for 
fracking was PW
• It’s plentiful, close & cheap
• New chemical formulations give improved 

performance



Produced Water (& Flowback) Concerns

• Very large volumes

• Extremely high salinity – 10 % to 35 % TDS (sea water is 3.5 % TDS) in Permian Basin

• May contain radioactive and/or hazardous constituents such as: Ra, Ba, Sr, metals, frack chemicals

• Managed by deep well injection or evaporation

• Possible contamination concerns:
• Spills, leaks & mismanagement of produced water
• Release of fluids to ground or surface waters from poor well construction

13



Produced Water Generated in NM
(OCD data, Thomson & Chermak, 2021)

• Total PW generated in Permian Basin in NM in 2020 = 170,000 AF
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Compare Water for/from O&G to Regional Water Use

• Water for HF (2021) = 36,600 AF 
• > 80% of frack water is PW in 2022 (OCD data)

• Produced water generated (2020) = 170,000 AF
• Extremely poor quality water with TDS from 100,000 mg/L to > 350,000 mg/L in Permian Basin

• Total water use in Eddy & Lea counties (2015) = 365,900 AF (OSE data, Magnusson et al., 2019)
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Produced Water Management

• Large volumes distributed over the entire basin increases management challenge
• Collection, transport,  storage, & disposal
• Impact on existing transportation infrastructure from water hauling

• Half is disposed by deep well injection in salt water disposal (SWD) wells
• Under increasing scrutiny because of induced seismicity

• Half is used for secondary recovery of oil (SRO)
• But less opportunity for SRO in unconventional tight sand & shale formations

• Hence PW management is a major challenge
• Reported disposal costs $1 - $2 per bbl
• Some experts think ability to dispose PW may limit future O&G development

16



PW Treatment?

• I’m skeptical of ability to treat PW at meaningful scale
• Too salty (up to 10 times that of sea water)
• Chemistry is too complicated
• Management of residuals is very difficult & expensive

• Large volume – Based on 2020 PW volume; > 20 tonnes dry waste/yr. Would generate annual 
salt pile 500 ft tall & 2,000 ft in diameter

• May be hazardous
• May be radioactive (TENORM)

• Thomson Prize: Dinner at Frontier Restaurant to leaders of first organization that demonstrates 
treatment of Permian Basin PW 
• Q ³ 5 gal/min
• ³ 75% feed water recovery
• ³ 90% operating reliability
• ³ 6 months

17
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Conclusions

• Water resources in the arid southwest are limited & over allocated
• Shortages are subject of multiple disputes at federal, state & local levels
• Effects of climate change are expected to exacerbate shortages

• Strong connection between O&G production and water resources
• Large volume of water needed for development (i.e. fracking)
• Even larger volume of wastewater generated by production (i.e. produced water)

• Water for fracking
• Constitutes small fraction (~10%) of total water use in NM side of the Permian Basin
• Industry has been remarkably successful at switching from fresh water to PW

• Produced water management
• Very large volume (~50% of total water use in NM side of the Permian Basin) 
• ~ half is disposed of in SWD wells but concerns about induced seismicity will limit this alternative
• Very poor quality make desalination difficult (& maybe not feasible)

• Not discussed - Connection between water & other components of energy industry, notably thermal & 
hydroelectric power generation, uranium production, waste disposal

18



Questions?
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Water and Climate Futures 
in the Intermountain West
Katrina E. Bennett
June 14th, 2022

Slides coming soon. 
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Segment 2: Water needs in energy transition in the I-WEST region

Moderators:
Janie Chermak, University of New Mexico
Jolante van Wijk, Los Alamos National Laboratory
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Segment 2: Water needs in energy transition in the I-WEST region

5 lightning talks: a short tour of water needs for different 
energy technologies

Roundtable discussion
Short break
Segment 3 starts at 10:50 am MT



3iwest.org

CO2 emissions in I-WEST region

2000       2010         2020
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Energy transition in I-WEST

CO2 storage
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Symbiotic
Energy Economies
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Segment 2: water needs for 5 technology pathways

Low-carbon electricity: Mary Ewers
Hydrogen production: Troy Semelsberger
CO2 capture: Jim Gattiker
CO2 storage: Derek Vikara
Biofuels: Babs Marrone
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Water usage for 
electricity in the I-WEST
Mary Ewers
Los Alamos National Laboratory

2020 Thermoelectric cooling water data from EIA @ https://eia.gov/electricity/data/water

Electricity

Heat

Fu
el

More efficient plants need less cooling

LA-UR-22-025442
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How is water used in this technology? How much water is currently used?

What would water use look like a full scale? How could (fresh) water needs be lowered?
• What are opportunities for lowering net water needs for the 

technology?
− Using reclaimed or discharged water (Palo Verde uses 

Phoenix Sewage Effluent water for cooling)
− Using brackish or saline water for cooling
− Switching to Dry Cooling Technology
− Switching to Solar PV, Wind
− Increase efficiency of the power plant (so it releases 

less heat and needs less cooling)

Types of Cooling 
Technologies:

• Recirculate: 
Induced Draft

• Recirculate: 
Cooling Pond

• Once through 
with cool pond

• Once through no 
cool pond

• Dry cooling

Plant type
Generation 

(MWh)

Water 
W/D 

(Mgal)
Water Cons 

(Mgal)

W/D 
intensity 

rate 
(gal/MWh)

Cons 
intensity 

rate 
(gal/MWh)

Coal 119,293,044   248,219    53,505          2,080         448            
Natural Gas 77,717,768      90,342      19,369          1,162         249            
Nuclear 33,312,022      23,079      23,079          692            692            

LA-UR-22-025442

• What would water use look like at large scale deployment of the 
various low carbon technologies?

− Increasing Solar and Wind, with utility scale batteries 
(0 gallons/MWh does not include LCA)

− Blending Natural Gas and Hydrogen for co-fire (2.38 
gallons per 1 kg H2) Best to produce with Solar/Wind.

− Increasing Nuclear with small modular reactors
▪ Water cooled ~600-800 gallons/MWh
▪ Air cooled 1.1 gallons/MWh

− Deploying more CCUS technology on fossil fuel 
plants
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Water Usage for Blue and Green Hydrogen

Troy A. Semelsberger
Materials Physics and Applications (MPA-11)
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• Explain how water factors into this specific technology.
• Simple graphics are encouraged

How is water used in this technology? How much water is currently used?

• Agriculture is the largest consumer 
@ 45 Million acre-ft/yr

• Public water usage is the second at 
3.6 Million acre-ft/yr

• Thermoelectric power generation 
(300 GW-hrs) uses a small fraction 
of available water (0.4 M ac-ft/yr)

What would water use look like a full scale?

• Currently, 95% of hydrogen produced is from SMR 
• Critical barriers:

− Infrastructure
− Storage
− Public perception/acceptance

• Water required to supply H2 via SMR for all I-WEST FCV 
is ~ 0.3 million ac-ft/yr

How could water needs be lowered?

• What are opportunities for lowering net water needs for the 
technology?

− Recycle processed water
• What supporting water technologies are available or under 

development? 
− R&D needs: cheap and efficient water purification 

technologies
• Replacing coal powered plants with NGCC reduces CO2 

emissions by 56% and water consumption by 33%

Note: 1 acre-foot = 325,851 US gallons

Note: SMR: 65-75% efficient, H2 yield: ~74%
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How is water used in this technology? How much water is currently used?

• Agriculture is the largest consumer 
@ 45 Million acre-ft/yr

• Public water usage is the second at 
3.6 Million acre-ft/yr

• Thermoelectric power generation 
(300 GW-hrs) uses a small fraction 
of available water (0.4 M ac-ft/yr)

What would water use look like a full scale?
• Currently, 95% of hydrogen produced is from SMR 
• Critical barriers:

− Infrastructure
− Storage
− Public perception/acceptance

• Water required to supply H2 via electrolysis for all I-
WEST FCV is ~ 0.09 million ac-ft/yr

How could water needs be lowered?
• What are opportunities for lowering net water needs for the 

technology?
− Use stranded brine water (0.2 million ac-ft/yr)

• What supporting water technologies are available or under 
development? 

− R&D needs: cheap and efficient water purification 
technologies for reuse/recycling

• Replacing hydrogen production via SMR with electrolysis reduces 
water consumption by >70%

Note: 1 acre-foot = 325,851 US gallons

Note: Efficiencies:  ICE = 40%, FCEV = 57%
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Point Source Capture

Jim Gattiker
Los Alamos Statistical Sciences



2iwest.org

• Point source capture (PSC) is a mature technology 
pathway to reducing CO2 emissions in the near-
term and long-term, demonstrated operationally

• Water consumption for evaporative cooling
• In flue gas CO2 separation/capture: 

• Flue stream is cooled to the ideal process 
temperature range (near room temperature)

• CO2 separation heats/cools solvent to 
release CO2

• Capacity loss in adding PSC of 20-30%

How is water used in this technology? How much water is currently used?

• Point-source capture is not 
currently operationally 
deployed in I-WEST, although 
there are pilot-scale projects 
and at-scale planning.

What would water use look like at full scale?

• A generous estimate of point source emissions amenable for 
PSC is 200 Mt/yr (electricity generation is around 175Mt/yr)
requiring approximately 200,000 acre-ft/yr for evaporative 
cooling.

• This is 2/3 of today’s fossil electricity generation water use, 
or ~ 0.5% of total water use. 

How could water needs be lowered?

• Adoption of dry cooling systems reduces PSC 
water use/consumption by 90%
or more, with a few percent impact on final cost of capture.

• Potentially using reclaimed, discharge, or produced water.

• Summary: cooling needs are a similar scale to electricity 
generation, and water use can be avoided. 

• Annual Energy Outlook 2022, eia.gov
• Grol et al. (2018) NETL-PUB-22446. 
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Carbon Storage and Utilization
Perspective on Water Usage and Opportunities

Derek Vikara
National Energy Technology Laboratory support contractor
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How is water used in this technology? How much water is currently used?

What would water use look like at full scale? How could water needs be reduced?

• Storage operators must protect water resources.
• Opportunities for producing / reusing water exist.

UIC Class 
VI Well 

Example 
Schematic

• Associated water usage is small compared to other technologies.
• Emerging regional projects will store CO2 at commercial-scale.

Monitoring 
Well CarbonSAFE Wyoming CarbonSAFE San Juan

Upwards of   
2 million 
tonnes of 

CO2 captured 
and stored 
per year.

Upwards of 
6.5 million 
tonnes of 

CO2 captured 
and stored 
per year.

Basin Electric Power Cooperative’s 483-megawatt  
coal-fired Dry Fork Station

Enchant Energy’s 847-megawatt coal-fired San Juan 
Generating Station

• Produced water needs to be managed via treatment (and reuse) or disposal.

100 million tonnes / year

CO2 Produced H2O

864 million barrels / year
110K acre-feet / year

=

1:1 volume basis

• Abate ~½ I-WEST source CO2
emissions.

• Supply 1/3 regional power 
generation water usage.

• Supply <1% regional irrigation.

• Treatment / reuse can augment regional H2O supply and limit disposal.
• TDS removal can be costly, energy intensive, and challenging to scale.

Seawater

EPA 
USDW

I-WEST TDS Range

From: Mehta and Nicoll 2018
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This project was funded by the U.S. 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 contractor, nor any of their employees, makes any warranty, expressor 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.

Disclaimer
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Water and Bioenergy

Babs Marrone, LANL
Kurt Solander, LANL



2iwest.org

• Bioenergy feedstocks:
• 1st gen (food crops)
• 2nd gen (energy crops; forest, ag residues
• 3rd gen (algae)

• Feedstock production:
• Algae cultivation; Irrigation of 

crops/bioenergy crops; (waste carbon)
• Feedstock processing:

• Fermentation/anaerobic digestion
• Hydrolysis, Hydrotreating, Hydrothermal 

liquefaction

How is water used in this technology? How much water is currently used?
Ethanol biorefineries  

• AZ=1, corn (55 MGY)
• CO=4, corn (3; 140 MGY),
waste alcohol (1, 3 MGY)

• Total US: 207 (17,703)
Algae producers

• AZ=1, NM=2, MT=1
Biogas:
• 27 Anaerobic digestion 

facilities in I-WEST region 
(1312 Total US)

What would water use look like at full scale?
• Water footprint of biofuels varies with feedstocks and location*
• Impacts of biorefinery water use are largely local
• The majority of biorefineries use ground water, which could add 

stress in areas where the GW table is decreasing.
• Water Analysis Tool for Energy Resources (WATER) developed 

by Argonne National Lab https://water.es.anl.gov/

How could water needs be lowered?
• Use of produced water (below, right) instead of freshwater for 

irrigation (corn) or cultivation (algae); or bio-hydrogen production
• Use of forest thinnings (below, left), or crop residues instead of corn

= wastewater
= farms 
(dairy & wine)
= landfills

(American Biogas Council)

Potential 
agricultural 

enhancement

Only optimal algae growth region within 
iWEST that intersects produced water

1 L of biofuel 
consumes 39-642L 
of water (Wu, 2018)*



Opportunities to Use Brackish and Produced Water 
to Support Energy Transitions in the West

Mike Hightower, Director
New Mexico Produced Water Research Consortium

I-West Workshop
June 14, 2022

“NEW WATER FOR NEW MEXICO”



Thermoelectric Power 
Plants with Water 
Supply or Demand 

Concerns

Shale/Produced 
Water Basins

2

State Water Manager 
Identified Water 

Shortages by 2023

Why Brackish and Produced Water are Being Considered as a National and 
Regional New Water Alternative for Energy Development

12
“NEW WATER FOR NEW MEXICO” 2

Oil and gas infrastructure often includes CO2 injection for 
EOR, SWD wells, pipelines, avoided costs of pumping 



Significant Brackish Water Resources –
But Longer Term Development Horizon

• New Mexico is estimated to have 15 billion acre feet 
of brackish ground water: 
• 2 billion acre feet easily and economically treated 

for municipal use, and 2 billion acre feet for 
industrial use,
• 1000 year supply of water at 2018 consumption 

levels,
•Most fresh water basins have zones of brackish water.
• NM resources not well characterized, would be in 4-

5 years at $20M investment evaluate  infrastructure 
cost/benefits.

Overview of Fresh and Brackish Water Quality in New Mexico.
New Mexico Bureau of Geology and Mineral Resources, OFR-
583, New Mexico Tech, Socorro, NM, June 2016. 

14
“NEW WATER FOR NEW MEXICO”
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Desalination is Now at the Marginal Cost of 
New Fresh Water Resources

3500 ppm TDS

35000 ppm TDS

>100,000 ppm TDS (thermal)

30,000 ppm TDS (membrane)
3,000 ppm TDS

4

Common 
produced water 

disposal  
$25-100/1000 gal

Common 
brackish, waste water, 

and sea water
TDS concentrations

13
“NEW WATER FOR NEW MEXICO”
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Examples of Raw and Pretreated and Treated NM 
Produced Water

Permian Basin -100,000 ppm TDS  
PW (left), w/pre-treatment to 
remove oil, grease, suspended 
solids (right) San Juan Basin -10,000 ppm TDS PW 

(right), w/RO treatment to  600 ppm 
TDS (middle),
Alamogordo Groundwater 1200 ppm 
TDS (left)

5

 

5

Funded by DOE through a cooperative agreement, ZwitterCo, Inc., an early-stage membrane company headquartered 
in Cambridge, Massachusetts, is the awardee of the “Fouling-Resistant, Chlorine-Tolerant Zwitterionic Membranes 
for Treatment of Produced Water in the Permian Basin” (DE-FE0031851) project. Started in 2020, the goal of the 
project is to advance the development of the membrane technology that can reject key constituents from produced 
water while maintaining immunity to detrimental and irreversible membrane fouling. The project will optimize 
ZwitterCo’s membrane technology for the demanding operational parameters of produced water treatment and 
verify performance with actual samples in the Permian Basin.

The patented membrane technology uses zwitterions (also known as an 
“inner salt”), which are molecules that have both a positively and a negatively 
charged group in close proximity. These charges pull water to the zwitterion 
while repelling organic components such as proteins, fats, and oils that stick 
to traditional membranes and impede their filtration capacity, making filtration 
of highly saline waste streams more practical and cost-e!ective.

In early 2022, ZwitterCo completed modification of its skid-mounted pilot 
system and deployed the equipment to the Brackish Groundwater National 

Desalination Research Facility (BGNDRF) in Alamogordo, New Mexico. In cooperation with the New Mexico Produced 
Water Research Consortium (NMPWRC), BGNDRF, and several other research groups, produced water was delivered 
to BGNDRF for testing. 

Over six weeks of testing at BGNDRF, ZwitterCo and its partners 
accumulated more than 500 hours of cumulative runtime with 
the same membrane module, including two separate 168-hour 
runs with less than 3% downtime. Target water quality objectives, 
including removal of oil and grease, were achieved at a variety 
of operating conditions. Notably, significant portions of runtime 
were carried out at extreme freshwater recovery rates of over 
99%. ZwitterCo’s superfiltration membrane maintained high 
performance at extreme conditions, responding well to cleaning 
and maintaining factory permeability despite severe loading of 
iron, oil, and grease. After modification to increase pre-oxidation 
of the dissolved iron, the permeate was measured with a Silt Density Index (SDI) of less than 1.0. The ability to 
transform severely distressed produced water waste into a clean water source with SDI <1.0 opens the door to many 
reuse and desalination cases that are currently not economically feasible.

To learn more about the membrane technology, visit https://zwitterco.com/technology or click here.

Highlights: DOE Funds the Development of a Novel Membrane 
Technology to Remove Key Constituents from Produced Water

ZwitterCo's membrane module

Samples of produced water feed, permeate, and 
concentrate from the ZwitterCo superfiltration pilot testPermian Basin -100,000 ppm TDS  

PW (left),w/pre-treatment to remove 
oil, grease, suspended solids 
(middle), recovered oil (right)

“NEW WATER FOR NEW MEXICO” 5

Relative to disposal, pretreatment and 
treatment can be cost competitive, and 
provide a consistent water for treatment and 
use in energy development



Significant Produced Water Available in NM – 150 MGD (3 ABQ’s)

In NM, ~ 4 barrels of water for each barrel of oil

Reuse interests –
hydrogen/energy 

transition,
industrial use,

wildlife habitat, 
solution mining with high 

salinity brine, 
compact water delivery, 

agriculture, 
road construction

Estimated Economic 
Impact - $2-3 Billion/yr, 

(Sandia/UNM -
ESG Economic Model)

“NEW WATER FOR NEW MEXICO” 6



Farmington, NM

www.pescoinc.biz

I-West Water Workshop

June 14th, 2022

John Byrom



By Ed and Mary Lou Rhodes
Sons, Kyle and Jim Rhodes, run the company 

today

About us
Founded in 1970



Separators and 
Treaters

Production Units

LACT Units and Metering 
Skids

Production 
Equipment

Separators

Treaters

Dehydrators

LACT Units

Blow Cases

Combustors

Indirect Heaters

Sand Separators

Specialty 

Equipment



Mechanical, Chemical, Civil, and Electrical 

Engineers

Implement your designs

or

Design your Unit from the Ground Up

In-House Engineering & 
Design



Sales Across 
the Country

PESCO Market Area



Back in Growth Mode

425 Employees
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New Markets – Water Filtration

Partnering with New Mexico Tech

NM Tech – Technology

PESCO – Commercial Market and Manufacturing

APPLICATIONS:

Filtering Produced Water from Oil and Gas

Useable water from marginal sources



2/12/2021



Working w San Juan Basin producer to test 
unit effectiveness on treating produced 
water for an oil and gas well.



NTU-NMT NAVAJO 
NATION WATER 
PURIFICATION PROJECT
(N4WPP)

2/12/2021



New Markets – Water Filtration Unit

5,000 GPD

Nearing start of 
field testing



63

Paradox

Thank you!

Questions?



Critical Minerals and Other Resources in Brines

Scott Hynek
USGS Utah Water Science Center



Critical Minerals* and Other Resources in Brines

Critical Minerals
2022 list (partial):

Lithium
Cesium
Rubidium
Magnesium
+ many REEs
Zinc, Tungsten

2018 List also included:

Helium
Potash
Strontium
Uranium

Other:

Boron
Calcium
Iodine
Bromine
Sodium salts
Magnesium salts

*Pursuant to Executive Order 13817

See:   USGS Open File Reports
OFR 2018-1021
OFR 2021-1045



Critical Minerals
2022 list (partial):

Lithium
Cesium
Rubidium
Magnesium
+ many REEs
Zinc, Tungsten

2018 List also included:

Helium
Potash
Strontium
Uranium

Other:

Boron
Calcium
Iodine
Bromine
Sodium salts
Magnesium salts

Critical Minerals* and Other Resources in Brines

*Pursuant to Executive Order 13817

See:   USGS Open File Reports
OFR 2018-1021
OFR 2021-1045



Detailed definitions of 
criticality can be found in: 

OFR 2018-1021, OFR 2021-1045,
Nassar et al., 2020

View of Criticality from the Lithium Battery Market

Trade 
Exposure

Supply
Gap



View of Criticality from the Lithium Battery Market

Trade  Exposure +

Disruption Potential+

Economic Vulnerability

= Supply Risk

Also,
Carbon
Intensive



Salta Jujuy Catamarca

SUSTAINABLE LITHIUM EXTRACTION
UNDER THE U.S. DEPARTMENT OF STATE’S

ENERGY GOVERNANCE AND CAPACITY INITIATIVE 
(EGCI)

Argentine Government + Provinces (Federal)
It’s all about the freshwater.



Work with USGS Mineral Resources Program

-Lithium Source to Sink (LiS2S)
-hard rock deposits
-clay deposits
-brine deposits

Goals:

Investigate the spatial and genetic relationships 
between these deposits.

Understand processes and fluxes.

Identify opportunities.
Lithium in water (ppb)



There are many potential co-products in brine.

Clayton Valley, NV
Li brine continuously extracted from the 1960s.

Cyprus Foote Mineral proved lithium to be a 
locatable mineral in the late 1980s; they also 
determined that they did not want leasable 
minerals that were the byproduct of Li mining.

Waste product of liming:
calcium sulfate
magnesium hydroxide

Salt 
stockpiles

Stockpiles of Na and K 
salts are piled to retain 
value and are segregated 
by concentration.

Consider also, 
helium:

-13,000 acre-feet
of brine pumped 

annually

-brine contains 
10-10,000 times 

the helium of “air 
saturated water”



There are many potential co-products in brine.
Consider also, helium:



Pah Tempe Hot Springs:
Discharges ~25 tons Li/year to the 
Virgin River (and Lower Colorado).  

Minimal pumping & heating costs for a 
Direct Lithium Exchange (DLE) process.

Lithium in water (ppb)

Pah Tempe 
Hot Springs

Paradox 

Valley

Paradox Valley:
USBR pumped ~128,000 tons 
salt/year at a cost of $71/ton.  

Potential for Li & K to offset cost.

Colorado River Basin
Salinity Control Projects



Lithium in water (ppb)

Crystal 
Hot Springs

Great 
Salt Lake

Crystal Hot Springs:
Discharges ~2 tons Li/year to Salt Creek. 
Salt Creek has ~salinity of the ocean, and 
completely changes the chemistry of the 

Bear River.

Internal cycling:
South Arm ~25 mg/L Li.
North Arm ~50 mg/L Li.

Li in waste piles from decades of 
operations that produce Mg and Potash.

Great Salt Lake: Li inflow 
and internal cycling



South Arm

North ArmUnio
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breach

Great Salt Lake looking WSW
(September 2018)

Courtesy: Bryan Rasmussen (@chiseledlight)

Internal cycling (stratified flow at breach):
-South to North flow:  ~25,000 tons/year.
-North to South flow:  ~15,000 tons/year.

*These fluxes are ~3 orders of magnitude larger than 
Crystal Hot Springs (think of this as a genetic timescale).

Great Salt Lake: an evaporative pump. 

Extracting Li from passive flow? 
-95% recovery of Li from South Arm brine 

using Li ion sieve (Marthi and Smith, 2019).

-We obtained similar results for North Arm 
brine, which contains 10,000 mg/L Mg.



-Resource assessments are nascent.

-Mineral recovery systems are specific to brine 
chemistry and take decades to develop.

-DLE has yet to be scaled industrially.

-Water availability is a constraint.

-Non-traditional water may have utility for mineral 
processing or other industrial uses.

-Passive flows of hot water reduce carbon intensity.

-Potential to offset operating costs by recovering 
resources from brine (minerals AND water). Lithium in water (ppb)

Crystal 
Hot Springs

Pah Tempe 
Hot Springs

Paradox 

Valley
Challenges and Opportunities

Clayton
Valley

Great 
Salt Lake

Ponds?



Lithium
Cesium
Rubidium

Magnesium
+ many REEs
Zinc, Tungsten

Helium
Potash
Strontium
Uranium

Boron
Iodine

Bromine
Sodium salts
Magnesium salts

Critical Minerals and Other Resources in Brines

Water




