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Energy and Water are                    
… Interdependent

Water for Energy and Energy for Water

Energy  and 
power 
production 
require water:
• Thermoelectric   

cooling
• Hydropower
• Energy minerals 

extraction/mining
• Fuel Production 

(fossil fuels, H2, 
biofuels)

• Emission control              

Water 
production, 
processing, 
distribution, 
and end-use 
require energy:
• Pumping
• Conveyance 

and Transport
• Treatment
• Use conditioning
• Surface and

Ground water



Water Consumption by Sector
U.S. Freshwater Consumption, 100 Bgal/day
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Energy uses 27 percent of all non-agricultural fresh water
[USGS, 1998]



Growing Limitations on Fresh Surface and 
Ground Water Availability

• Little increase in surface water 
storage capacity since 1980

• Concerns over climate impacts 
on surface water supplies

• Many major ground water 
aquifers seeing reductions in 
water quality and yield

( Based on USGS WSP-2250 1984 and Alley 2007)

(Shannon 2007)



Most State Water Managers Expect Shortages 
Over The Next Decade Under Average 
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• Most growth in 
regions that are 
already water 
stressed

• Most new plants  
expected to use 
evaporative 
cooling because 
of EPA 316 A &B 
requirements

Regional Growth in 
Thermoelectric Power Generation

Source: NETL, 2004

Projected Thermoelectric Increases
(Capacity in 2025 vs 1995)



Water Use and Consumption for 
Electric Power Generation

Plant-type Cooling 
Process

Water Use Intensity (gal/MWhe)

Steam Condensing Other Uses

Withdrawal Consumption Consumption

Fossil/ biomass steam turbine
Open-loop 20,000–50,000 ~200-300

~30
Closed-loop 300–600 300–480

Nuclear 
steam turbine

Open-loop 25,000–60,000 ~400
~30

Closed-loop 500–1,100 400–720

Natural Gas Combined-
Cycle

Open-loop 7,500–20,000 100
7–10

Closed-loop 230 180

Integrated Gasification 
Combined-Cycle Closed-loop 200 180 150

Carbon sequestration for 
fossil energy generation ~40-60% increase in water withdrawal and consumption

Geothermal Steam Closed-loop 2000 1350 50

Concentrating Solar Closed-loop 750-900 740- 890 10

Wind and 
Solar Photovoltaic N/A 0 0 1-2



Alternative Transportation Fuel 
Water Use Impacts Will be Regional

Oil Shale Biomass



Water Demand/Impact of Transportation Fuels



Energy Development Produced Water 
Quality and Use Challenges and Options

Gas Shale Development
Oil and Gas Produced Water



Growing Use of Non-traditional 
Water Resources 

• Desal growing at 10% per year, waste water reuse at 15% per year
• Reuse not accounted for in USGS assessments
• Non-traditional water use is energy intensive 

(Modified from Water Reuse 2007, EPA 2004, Mickley 2003)
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Power Requirements For Treating

(Einfeld 2007)


