
P R E S E N T E D  B Y

Sandia National Laboratories is a 

multimission laboratory managed and 

operated by National Technology and 

Engineering Solutions of Sandia LLC, a wholly 

owned subsidiary of Honeywell International 

Inc. for the U.S. Department of Energy’s 

National Nuclear Security Administration 

under contract DE-NA0003525.

The Big Picture: Nationwide 

Drivers and Strategies for 

Water-Energy Savings

Internal Use Only

Internal Use Only

Vincent  Tidwel l
Sandia  Nat iona l  Laborator ies

Nat iona l  Gove r no r s  Asso c ia t i on
Wat e r -Ene r g y  Nexus  Lear n ing  Lab  
Sep t embe r  1 ,  2020



Acknowledgements

oRobert Goldstein

oChris Harto
oEugene Yan

oCarey King
oMichael Webber

oGerald Sehlke

oJessica Mullen

oTom Iseman
oSara Larsen

oCharlie Vorosmarty
oAriel Miara

o Thushara Gunda

o Natalie Gayoso

o Barbie Moreland

o Katie Zemlick

o Mike Hightower

o Nathalie Voisin

o Sean Turner

o Mark Wigmosta

o Jordan Macknick

o Stuart Cohen

o Ana Dyreson

o Robin Newmark

o Michael Bailey

o Byron Woertz



Water for Energy

1995 Water Consumption

Source: USGS 2018

322 BGD Total Withdrawals

~7-8 BGD Total Consumption

Thermoelectric Coal

RefineriesUnconventional Oil and Gas

Water Consumption by County

Source: Tidwell et al. 2016



Energy for Water

Water Sector 

Consumes 4-8% 

of  Total U.S. 

Energy 

Production

Energy Consumption by County
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Water for Electric Power



Current Impacts

Climate Extremes Impact Power Production Water Scarcity Impacts Plant 

Siting



Intensifying Drought

• Power generation at risk from 
drought.

• Elevated water temperatures 
can necessitate plants to limit 
their generation.

• Shown is the potential impact 
on current generation 
capacity:

o Under current climate, and 

o Under future climate 
conditions.

Source: Miara et al. 2017



Reduced Water Use

Source: UCS 2011

Current generation relies on 

high-water use technology:
• Coal

• Gas-Steam

• Nuclear

New capacity favors low-

water use technology:
• Natural gas combined cycle

• Wind

• Solar PV

Systems are Moving to Less Water Intensive Forms of Generation



High Water Withdrawal

Low Water Consumption

Low Water Withdrawal

High Water Consumption

Reduced Withdrawals

Systems are Moving to Less Water Intensive Forms of Cooling



Integrated Planning

• Integrated climate into WECC’s capacity 
expansion planning exercise

• Explored how water extremes influence planning 
decisions

Analysis platform 
included:
• Hydrologic modeling,

• Capacity expansion 
modeling, and

• Production Cost Modeling



Climate Impact on Planning

Generation Expansion Profiles

Difference with and without Water Constraint

Implications for System Reliability and Cost

• Additional capacity needed to 
meet peak load.

• Hydropower production is key 
uncertainty.

• Considerable adaptive 
capacity available in the grid.

Source: Tidwell et al 2020



Climate Impact on Planning
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Implications for Future Water Use

Combined influence of climate 

and water availability influence 

siting decisions

Source: Tidwell et al 2020



Integrated Plant-Level Planning

There are many dimensions 
to a power plant’s water 
footprint:

• Water supply reliability and 
cost.

• Variable/changing chemistry 
of water supply.

• Changing cost of cooling and 
water treatment technology.

• Wastewater management 
options and costs.

Techno-economic assessment of water 

options for the Palo Verde Nuclear Power 

Plant, Phoenix, AZ

Source: Middleton and Brady 2020



Integrated Plant-Level Planning

Presents tradeoffs in plant 
economics due to:
• Alternative cooling technologies, 

• Water usage and treatment, 

• Water disposal options, and

• Influent water chemistry

Interactive Decision Platform to Support 

Water Planning

Source: Middleton and Brady 2020
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Water for Oil and 

Gas Production



Current Impacts

Source: Stevens and Torell 2018

Source: DOE 2013

Disruptions Caused by Drought 

and Storm Damage

2011 Drought 

Impacts Rig Count

Water extremes 

impact oil and gas 

production:
• Water policy,

• Water cost.



Intensifying Demands

 

 

 

 

 

  

  

  

  

                        

                                                                  
                       

       

      

          

                     

            

    
                   

Source: Zemlick et al. 2018

Projected Increases in Production Much of Production in Water-

Limited Regions

Water choices are complicated:
• Alternative water sources,

• Water disposal options,

• Intensity of production, and

• Produced water use options.



Produced Water Solutions

Source: Dwyer and McDonald 2016

Source: American Oil and Gas Reporter 2020

Recycle produced water Fit-for-use treatment: 

Reclaiming well pads

• 25BG of water used in unconventional oil 

production each year

• Over one trillion gallons of produced water 

generated in 2012 

• $40B in annual disposal costs



Energy for Water
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Supply and Demand

Source: Tidwell et al. 2018

Fresh Surface Water Fresh Groundwater Appropriated Water

Wastewater Brackish Water Growth in Demand 2015-2035



Intensifying Demands

Source: detoxifynow.com Source: Western Resource Advocates 2010

Source: Tidwell and Moreland 2020

Projected Change in Energy Demand 

for Water Services 2015-2030

7-13% increase projected over 15 yrs.



Municipal Supply Manufacturing
Thermoelectric

Cooling
Agriculture Oil & Gas

Advanced Treatment Technologies

DOE Water 

Security 

Grand 

Challenge

• Goal 1: 

Desalination

• Goal 2: Produced 

Water

• Goal 3: Cooling 

Water

• Goal 4: Energy 

Recovery

• Goal 5: Modular 

Systems

Treatment Paradigm

Source: Sandia 2019



Resource Recovery

• $2 billion of electricity each year.

• $200 billion in future capital investment.

• Wastewater treatment plants can account for a 

third or more of municipal energy bills. 

• Recoverable resources include:

• Energy, 

• Nutrients for fertilizer, and 

• Clean water.

Biogas Potential

Source: DOE 2015

Source: Tidwell and Moreland 2020



Key Points

1. Energy-Water-Climate issues are affecting 

energy and water production today.

2. Without attention these issues will intensify.

3. Changes in the energy and water sectors are 

mitigating some climate vulnerabilities.

4. Options are available to adapt to a changing 

and uncertain future.
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