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Disclaimer

DISCLAIMER AGREEMENT

These information (“Data”) are provided by the National Renewable Energy Laboratory (“NREL"),
which is operated by the Alliance for Sustainable Energy LLC (“Alliance”) for the U.S. Department of
Energy (the “DOE”).

Itis recognized that disclosure of these Data is provided under the following conditions and
warnings: (1) these Data have been prepared forreference purposes only; (2) these Data consist of
forecasts, estimates or assumptions made on a best-efforts basis, based upon present expectations;
and (3) these Data were prepared with existinginformation and are subject to change without
notice.

The names DOE/NREL/ALLIANCE shall not be used in any representation, advertising, publicity or
other manner whatsoeverto endorse or promote any entity that adopts or uses these Data.
DOE/NREL/ALLIANCE shall not provide any support, consulting, training or assistance ofany kind
with regard to the use of these Data or any updates, revisions or new versions of these Data.

YOU AGREE TO INDEMNIFY DOE/NREL/ALLIANCE, AND ITS AFFILIATES, OFFICERS, AGENTS, AND
EMPLOYEES AGAINST ANY CLAIM OR DEMAND, INCLUDING REASONABLE ATTORNEYS' FEES,
RELATED TO YOUR USE, RELIANCE, OR ADOPTION OF THESE DATA FOR ANY PURPOSE
WHATSOEVER. THESE DATA ARE PROVIDED BY DOE/NREL/ALLIANCE "AS IS" AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESSFOR A PARTICULAR PURPOSE ARE EXPRESSLY DISCLAIMED. IN NO
EVENT SHALL DOE/NREL/ALLIANCE BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL
DAMAGES OR ANY DAMAGES WHATSOEVER, INCLUDING BUT NOT LIMITED TO CLAIMS ASSOCIATED
WITH THE LOSS OF DATA OR PROFITS, WHICH MAY RESULT FROM AN ACTION IN CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS CLAIM THAT ARISES OUT OF OR IN CONNECTION WITH THE USE
OR PERFORMANCE OF THESE DATA.

This work was supported by the U.S. Department of Energy under Contract No.
DE-AC36-08-G028308 with the National Renewable Energy Laboratory.
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Nationally, the electricity sector is a major end-user of water

U.S. Freshwater Withdrawal?

Public Supply, 13% Domestic, 1% o
Irrigation, 37%

U.S. Freshwater Consumption?

Livestock, 1% Thermoelectric, 3%

Commercial, 1%
Aquaculture, 3% Mining, 1%

Industrial, 5% Industrial, 3% \ / Domestic, 6%

Livestock, 3%

Mining, 1%

Irrigation, 81%

Sources: 1USGS, Estimated Use of Water in the United States in 2005, USGS Circular 1344, 2009
2USGS, Estimated Use of Water in the United States in 1995, USGS Circular 1200, 1998

NATIONAL RENEWABLE ENERGY LABORATORY



Water issues affect power plants throughout the nation

Wind sweeps the Northwest.

“With over 4,000 mw of wind firms between
them, Srate and Oregon have
the fifth- and sixch-highest levels of wind
mﬂpﬂ:ﬂyh the United States.'s Wind
use no water in generating electriciy.

@ RISK TAKING AND IMPACTS
) RISK REDUCTION
@ WATER-SMART ENERGY

An lowa harvest without water.

“With almost 3,700 mw of wind
power capacity in 2010, lowa ranks
second only to Texas.

Too hot for nudear power.

During a 2006 heat wave, while elec-
tricity demand breaks records acros.
the nation, high water temperatures

force four plants in the Mid-

Waterwoes beleaguer troubled plant.

Asof 2011, Entergy Corporation continues
© w wina 20-year license exten-
mmﬁmmmwm n
Veernon, VT, as water-relased for
s chosure grow. ™ Collapsed cooling towers,
radioactive water leaks, and discharge of

Boston takes the heat.

west to reduce their output when

heated water with an expired permic put s
It is needed most. Ar the two-unic Soind

= operation Ln jeapardy A1
Unruly rivers defy management. Thirsty plant taps crop water. every day, agrees in 2011
to sell Its excess heat to the

Prairie Island, MN, nuclear plant,

for example,
During an extended droughtin 2007 and 2008, b o ereed

ituns:::phmmredumaurpmby
more 50 percent. 84"

Low snewpack in the Columbiz and
Snake River Basins in the winter of
20092010 is followed by unusually
heavy rains in spring. As a resulr, the
timing of peak streamfow is well out
«of line with projections, straining,
hydropower generation, power price
sctting, and fisherics management.™

1 River water
the 1,650 s coal-fired Laramie River Starion

in Wheatland, WY, risks running out of
water and tums to the High Plains Aquifer and the
Wheatland District to meet its multi-

Lake Mead water drops, power follows.

Lower water levels in Lake Mead cansed by
declining inpur from the Colorade River
reduce Hoover Dam’s 2010 cutput o 80 per-
cen of full production. 72

Solar goesdry.

In 2010, BrightSource Energy chooses dry cooling
for its 370nw Ivanpah concentrating solar power
(CSP) plant in California’s Mohave Desert. While
desert development requires aveidince or careful
mitigation of all ecosystem impacts, Ivanpah will
consume 90 percent less water per unit of electric-
ity than typical wet-cooled CSP facilities.™

Oyster Creek opts for shutdown.

d‘hs?;u’:m Crock
nuckar power plant In Lacey, NJ.
announces in 2010 that it will
shut down the plant rather than
baild coaling towers to reduce the

of s 1.4
m-mm E’f«
Mohave plant goes dark.

In December 2005, Southern Cali-

fornia Edison shurters its 1,580 mw

Mohave coal plant in Langhlin, NV,
duc o lawsuits and disputes over its
aquifer use and pollution, 41423

In the summer of 2010, amid beat and energy
Tmmw'r i

Colorado says no to coal.

In 2010, Colorado’s Clean Air-Clean Jobs Act mandates
the retirment of more than 900w of coal plants (such
as Denver’s Cheroleee plant), converting them to naro-

ral gas, or meeting demand with energy efficiency or
rencwable energy. The Governor’s Encrgy Office touts the
potential water benefits—an annual water savings roughly
equivalent to the volume used by 50,000 people. 3

Waste not, want not . e i i o : By switching in 2007 from once-through cooling
The largest ULS. wind facilicy; the 780 ww ' nmdmn&elm“mmrht
Roscoe Wludl‘w‘mlnmn(‘,w i o
on-line in 2000.%* By 2010 the seate has more
than 10,000 sw of installed wind capacity,
much of it in arid central Texas *

previously
day from the Chartahooches River than that used
by all of metropoliran Atlanta, cuts its withdrawals
by 03 percent.®

Source: Union of Concerned Scientists. “The Energy-Water Collision: Power and Water at Risk.” Fact Sheet. June 2011.
http://www.ucsusa.org/assets/documents/clean_energy/ew3/power-and-water-at-risk-with-endnotes.pdf
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Water consumption impacts for electricity generation technologies range widely
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Source: Macknick, J., R. Newmark, G. Heath, and K. Hallett, 2011: A Review of Operational Water Consumption and Withdrawal
Factors for Electricity Generating Technologies. NREL Technical Report, NREL/TP-6A20-50900

NATIONAL RENEWABLE ENERGY LABORATORY 5




Life cycle water uses are dominated by operations
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Source: Meldrum, J., Macknick, J., and G. Heath, 2012: Water use in energy technologies — A life cycle perspective. NREL Technical Report for EPRI, NREL/TP-6A20-54044
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Water withdrawal impacts for electricity generation technologies range widely
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Source: Macknick, J., R. Newmark, G. Heath, and K. Hallett, 2011: A Review of Operational Water Consumption and Withdrawal
Factors for Electricity Generating Technologies. NREL Technical Report, NREL/TP-6A20-50900 7

NATIONAL RENEWABLE ENERGY LABORATORY 7



Life cycle water uses are dominated by operations o
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Source: Meldrum, J., Macknick, J., and G. Heath, 2012: Water use in energy technologies — A life cycle perspective. NREL Technical Report for EPRI, NREL/TP-6A20-54044

NATIONAL RENEWABLE ENERGY LABORATORY 8



Water needed for geothermal fuel development differs by well
depth and the number of wells drilled

40

35
w 30
g
= 25
S Depth of wells and the total number
=} . .
£ of wells is determined by resource
Z 10 - and by technology used

5 -

o . I .

20 MW EGS 50 MW EGS 10 MW Binary 50 MW Flash
B Drilling MCementing MPipeline Construction ™ Plant Construction

35

3.0

2.5

Hydraulic stimulation water use per 2.0
well can be greater than natural gas L5
hydro-fracking water use per well 1.0
: 0.5

0.0

6km(1) 6km(2) S5km(1) 5km(2)

Millions of Gallons per MW

Source: Clark, C., C. Harto, J. Sullivan, and M. Wang, 2011: Water use in the

development and operation of geothermal power plants. Argonne L . . . . . . .
National Laboratory Report (ANL/EVS/R-10/5) B Drilling M Cementing ¥ Pipeline Construction ¥ Plant Construction ® Well Stimulation

NATIONAL RENEWABLE ENERGY LABORATORY 9




Hydropower Reservoir Evaporation Rates are Highly Variable

and Site-Specific
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Some factors influencing
reservoir evaporation
include reservoir depth,
temperature, shape, surface
area, size of the river, and
climatic conditions

Many reservoirs that generate hydropower have multiple uses, such as water

supply, flood control, recreation, etc.

Sources:

Cooley, H., J. Fulton, and P. Gleick, 2011: Water for Energy: Future Water Needs for Electricity in the Intermountain West. Pacific Institute.
Torcellini, P., N. Long, and R. Judkoff, 2003: Consumptive Water Use for U.S. Power Production. NREL Technical Report-TP-550-33905
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Clean energy technology scenarios can lead to
reductions in water usage

Clean Energy Policy Scenario - 2030
}

Change in
Withdrawals (m?3)
< -10°
-10° - -10°
-10° - -10°3
-103 - 103
103 - 108
106 - 10°
>10°

But results may differ regionally...

Renewables may increase or decrease local water demands, depending on what
technology is deployed and what it is replacing

Example results adapted from: Macknick, J., Newmark, R., and K. Hallett. Future Projections of Water Demands for Energy. Water Environment Federation
Conference Proceedings. Energy and Water 2011: Efficiency, Generation, Management and Climate Impacts. July 31 — August 3, 2011. Chicago, Illinois.
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Water quality can also be a concern

* Manufacturing
o Wastewater streams

* Biopower fuel production
o Agricultural practices

* Geothermal drilling and operations
o Accidents/spills

* Operations for thermoelectric renewables

o Once-through cooling systems
— Marine life intake
— Water temperature impacts

o Recirculating cooling systems
— Air pollution from cooling towers
— Cooling tower blowdown disposal
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Summary

* The electricity sector is the largest withdrawer of
freshwater in the nation

* In general, non-thermal renewable technologies have
lower operational and life cycle water demands than
other technologies

 Some renewable technologies can require more water
than conventional technologies

* Energy choices can have a substantial impact on future
water withdrawal and consumption demands

 Water demands for the energy sector can vary greatly

regionally depending on fuel choice and cooling system
decisions

* Renewable technologies can impact water quality at
various stages in the life cycle
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Thank you

Jordan Macknick
jordan.macknick@nrel.gov
303-275-3828
www.nrel.gov
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