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Source; Lawrence 
Livermore National 
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USGS 2005



Thermoelectric Power Withdrawals 
(2010)

161 B/gal; 20% drop from 2005;
Lowest levels since before 1970

Reasons for large change from 
2005:   plant closures, change in 
modeling data, decrease in use 
of coal and increase in use of 
natural gas, and new power 
plants using more water-efficient 
cooling technology.

Source:  Maupin, M.A., et al, 2014, Estimated use of water 
in the United States in 2010: U.S. Geological Survey 
Circular 1405, 56 p., https://dx.doi.org/10.3133/cir1405.



Texas had the 
highest 
withdrawal of 
water for 
thermoelectric 
power plants – 
nearly all from 
freshwater.



Source:  USGS



• So, what’s the problem?  
• We need water for energy and we 
need water for food and drinking.



Not Enough Water; Water Too Hot

Not enough water: In 
2011, the Texas heat and 
drought caused water 
levels in Martin Creek Lake 
to drop so low that Martin 
Creek Power Plant had to 
import water from the 
Sabine River to cool its 
coal-fired plant and keep it 
operating.

Incoming water too warm: 
During a 2006 heat wave in 
Minnesota, the incoming 
Mississippi River water became 
too hot to cool the two-unit 
Prairie Island nuclear plant, 
forcing the plant to reduce 
output  by more than 50 percent.

Outgoing water too warm: To 
prevent hot water from doing harm to 
fish and other wildlife, power plants 
typically aren’t allowed to discharge 
cooling water above a certain 
temperature. Alabama’s Browns 
Ferry nuclear plant, had to cut its 
output three of the last five summers 
and for five consecutive weeks in 
2010). Household electricity needs 
were met by other power generators, 
but at higher prices.  

Not enough water: 
Lower water levels in 
Lake Mead caused by 
declining input from 
the Colorado River 
reduces Hoover 
Dam’s 2010 output by 
20 percent.



Thermoelectric Water Use (gal/MWh)

Once-through Recirculating Dry-cooling

Withdrawal Consumption Withdrawal Consumption Withdrawal Consumption

Coal 
conventional

20,000 - 
50,000 100 - 317 500 - 1,200 480 - 1,100 N/A N/A

Natural gas 7,500 - 
20,000 20 - 100 150 - 283 130 - 300 0 - 4 0 - 4

Nuclear 25,000 - 
60,000 100 - 400 800 - 2,600 600 - 800 N/A N/A

Solar thermal N/A N/A 725 - 1,109 725 - 1,109 43 - 79 43 - 79

Source: Union of Concerned Scientists, 2012



Heat & Drought

Illinois: In 2012, four coal plants and four nuclear 
plants each sought and received “thermal variances” 
from the state to let them discharge hotter water than 
their permits allow, even amidst extensive heat-related 
fish kills and tens of millions of dollars in fisheries-
related losses.

Vermont Yankee: In 2012 
in the first such case in 
northern New England, 
the Vermont Yankee 
nuclear plant was forced 
to reduce its power 
production over the 
course of a week by as 
much as 17 percent due to 
high water temperatures 
and low flow in the 
Connecticut River.

Millstone nuclear plant, 
Connecticut: In 2012 the 
case of Millstone, it was 
Long Island Sound that got 
too warm, forcing the plant 
to shut down one of its two 
reactors for 11 days in mid-
July. This represents the 
first plant closing on record 
and signals that even plants 
on large bodies of water are 
at risk as temperatures 
increase.



Climate Change will increase 
temperatures

Temperature Change in the U.S., 1901-2015

Source:  NOAA, 2017



How can science and technology 
help?

• Reduce water withdrawal and consumption at 
thermoelectric power plants

• 2016 Texas case study of coal power plants:  replace 
Once-Through with Closed-Cycle (Recirculating) 
Cooling

• Water withdrawal drops from 24.5 gal/kWh to 0.685 gal/kWh
• Water consumption drops from 0.52 gal/kWh to 0.47 kWh, on 

average (at some plants, consumption increased)
• Slight decrease in plant efficiency (0.65%)
• Capital Costs:  $127M
• O&M Costs:  $2.75M

Source:  Aviva Loew, et al Environ. Res Lett, 2016



Non-Traditional Sources for Cooling 
Thermoelectric Power Plants

Source;  DOE, NETL



Water Re-Use & Recovery Projects

Source;  DOE, NETL



What are the policy drivers?

• Minimize the withdrawal and consumption of 
water for power production.

• Minimize the environmental impacts of water 
use by the power sector.

• Efficient use of energy for water treatment, 
transport, and Use.



Key obstacles to policy drivers

• Lack of integration at federal and state levels and 
lack of partnerships between energy and water 
sectors.

• Water-energy nexus:  often talked about, but not much 
done in terms of policy and regulation.

• Why?  Different valuations:
• Water utilities value the cost of acquisition, conveyance, 

treatment, and delivery.
• Wastewater utilities value the cost of collection, treatment, and 

disposal.
• Electric and gas utilities value the saved energy for future 

sale, but not saving water.



How can domestic legal regimes 
affect this nexus?

• Federal Law: 
• Permitting of hydropower facilities (under the Federal Energy 

Regulatory Committee) and nuclear power plants (under the 
Nuclear Regulatory Commission) considers water use via 
National Environmental Policy Act.

• Past energy laws generally encourage energy development, 
promote energy efficiency and renewable fuels (2005 Energy 
Policy Act; 2007 Energy Independence and Security Act; 2009 
American Recovery and Reinvestment Act)

• Relevant Federal statutes impacting water (Clean Water Act, 
Safe Drinking Water Act, Endangered Species Act, NEPA) look 
to protect human health and the environment.



State Issue

• States:  full allocation and 
administration rights over the 
water flowing within its 
borders.

• States have different 
approaches to water allocation 
depending on location 
(riparian states, prior 
appropriation states)



What are the key federal issues to 
watch?

• Data Collection
• Gaps & inaccuracies exist.  EIA used to compile data on 

water use from thermoelectric plants (Form EIA 767), but 
discontinued this form due to budget constraints.  
Groups like NREL and Union of Concerned Scientists 
have uncovered inaccuracies in reporting.

• Fund Research to Minimize Water Use in 
Thermoelectric Power Plants

• In the 1930’s only 5% of sewage went to treatment 
plants, and then in the 1950’s Congress pumped $100 
billion into building thousands of sewage treatment 
plants to increase treatment.



What are the key state and local 
issues to watch?

• Incorporate water efficiency into permitting 
and licensing of power plants

• State dependent.  State public utility commissions 
have jurisdiction over permits and licenses (except 
for nuclear power).

• Increase renewable electricity and Demand Side 
Management

• Provide greater transparency in residential 
electricity consumption.



Role for the university

• Laboratories need to conserve water
• At some universities, labs consume up to 50% of 

the university’s water (NC State Univ).
• Efficient buildings

• Capture and re-use of rainwater in toilets and 
irrigation; automatic sink shut-off (see Georgetown 
Univ).

• Convince local utilities to switch from once-
through to recirculating or air dry; convert to 
natural gas CC.
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