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IntroductionIntroduction

• Thermoelectric power plants - 39 percent of the p p p
total fresh water withdrawn in the U.S.

• Water is used for cooling and emissions 
scrubbing.

• The purpose of this presentation is to further 
illustrate how water withdrawal and consumption 
rates relate to thermoelectric energy production in 
the United States.
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MethodsMethods

• Based upon two surveys from the Energy 
Information Agency (EIA)Information Agency (EIA)

• 2001-2005/6

• Power survey – 5,051 facilities, comprehensive

• Water survey – 745 non-nuclear, thermoelectric 
facilities, greater than 100 megawatts

• Compiled, analyzed and geocoded
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Cooling TypesCooling Types

• Open loop and Closed loop
• Further divided into 7 categoriesFurther divided into 7 categories
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Cooling TypesCooling Types
• Open loop freshwater – highest withdrawal
• Eastern U.S. – highest withdrawal
• Symbol size change
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Cooling TypesCooling Types
• Logarithmic scale
• Through time
• Withdrawal – distinct grouping
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Cooling TypesCooling Types
• No temporal component
• Withdrawal – distinct grouping
• High variability at low production capacities
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Supply Curve AnalysisSupply Curve Analysis
• Non-cumulative rates of water use (y-axis)
• Cumulative increases in power generation (x-axis)
• Visible “steps”
• Area where large increase in water use corresponds to a 

small increase in power
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Supply Curve AnalysisSupply Curve Analysis

• Both Cumulative
• Totals for water use rates vs. power production for the U.S.
• “Points of departure”
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Fuel SourcesFuel Sources

• Numerous!
• Fewer hydroelectric plantsy p
• More Natural Gas, Oil, Coal, Biomass
• Does not consider plant size
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Fuel SourcesFuel Sources
• Rates by fuel type
• The big three – Oil, Natural Gas, Coal

S C• Similar to Cooling Type maps
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Fuel SourcesFuel Sources
• Temporal component
• Two groups still visible, not associated with color
• Natural gas (orangeorange)
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Fuel SourcesFuel Sources
• Non-temporal
• Coal in both groups
• High variability still visible
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Fuel Source vs. Cooling TypeFuel Source vs. Cooling Type
• Total capacities only representative of data from 

EIA (Water Survey)
• Natural gas underrepresented• Natural gas underrepresented
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DroughtDrought

• Increased severity in some areas as time goes on
P l D ht I d (PDI)• Palmer Drought Index (PDI)

• Drought vs. Low Precipitation

16



DroughtDrought
• Areas of high withdrawal are most vulnerable
• Southeast

M l t l i i i d• More complete analysis is required
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ConclusionsConclusions

• Water use efficiency depends primarily upon y p p y p
cooling type

• Majority of open loop, freshwater facilities are 
older and coal-fired

• Open loop, freshwater plants withdraw the most
water and may be the most vulnerable to 
prolonged drought
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OpportunitiesOpportunities

• Improving data setp g

• Analyses for individual states

• “Steps” in supply curves show potential areas of 
targeted improvement

• Proactively address energy security threats and 
water scarcity with existing technologywater scarcity with existing technology

• Endless research potential

19



AcknowledgmentsAcknowledgments
I would like to thank Anamarija Frankić of the University of Massachusetts 
Boston for her revision support, and Lincoln Pratson of Duke University for 
his substantial help with crafting and revising the paper. The Duke University
Library support staff and the Urban Harbors Institute were also instrumental

Banda N “United States Zip Code Database (v1 0)” <http://www populardata com> Accessed 2008

SourcesSources

Library support staff and the Urban Harbors Institute were also instrumental 
by providing technological support and facilities.

Banda, N. United States Zip Code Database (v1.0) . <http://www.populardata.com>. Accessed 2008.
Baum, E. 2004. “Wounded Waters: The Hidden Side of Power Plant Pollution”. Clean Air Task Force.
Brown, T. 2000. “Past and Future Freshwater Use in the United States”. US Department of Agriculture.
Carns, K. 2004. “Bringing Energy Efficiency to the Water & Wastewater Industry: How do we get there?”. Global Energy 

Partners,  LLC.
Energy Information Agency. “EIA-767 Data Files”. <http://www.eia.doe.gov/cneaf/electricity/page/eia767.html> Accessed May 

20082008.
Energy Information Agency. “Form EIA-860A Database”. 

< http://www.eia.doe.gov/cneaf/electricity/page/eia860a.html>. Accessed May 2008.
GlobalSpec: The Engineering Search Engine. “About Cooling Towers.” <http://process-

equipment.globalspec.com/LearnMore/Manufacturing_Process_Equipment/Heat_Transfer_Equipment/Cooling_Towers>. 
Accessed 2008.

Intergovernmental Panel on Climate Change. Working Group II Report “Impacts, Adaptation and Vulnerability.” < 
http://www.ipcc.ch/ipccreports/ar4-wg2.htm>. Accessed 2008.

Mancino, A. and C. Berger. 2003. “Water and Energy: A critical piece of the energy sustainability puzzle.” Los Alamos Science
Number 28.

Montana State University Math Department. “Palmer Drought Severity Index (PDSI)”. 
<http://www.math.montana.edu/~nmp/materials/ess/mountain_environments/intermediate/ystone/palmer_more.html>. 

A d 2008Accessed 2008.
Sheldon, S. 2008. “Drawing from Different Sources:  A Critique of the Energy Information Agency’s F767 and F860 Surveys”. 

Unpublished.
US Department of Energy. 2006. “Energy Demands on Water Resources.”
U.S. Drought Monitor archives. <http://drought.unl.edu/dm/archive.html>.  Accessed 2008.

20


