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Total Amount of Water on Earth - Should
Water be a Priority Natural Resource and
Sustainability Concern?
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U.S. Water Withdrawal Trends
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National Water Withdrawals for Energy (% of total)
Developed countries ~40%, Developing Countries ~10%
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Growing Limitations on Fresh Surface and
Ground Water Availability

, | * Little increase in surface water
_— storage capacity since 1980
wo|  oegnmae | e« Concerns over climate impacts

for Design Withdrawals at

2-percent Chance of Deficiency Wik rawal

on surface water supplies
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» Many major ground water ,
aquifers seeing reductions in -

. Stresse d by Over-pumping

water quality and yield o by over i

D Impacted by Salt Water Intrusion
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Most State Water Managers Expected Water
Shortages Over The Past Decade Under

Average Conditions
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shortage

B Statewide

B Regional

[ Local

Y [__]None

No response or uncertain




Water Availability Has Been Impacting New
Energy Development

e

¢ €nergy facility permitting
Issues due to water availability
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Water Use and Consumption for Electric
Power Generation Alternatives

Water Use Intensity (gal/MWh,)

Solar Photovoltaic
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Plant-type CPBIITE Steam Condensing Other Uses
Process
Withdrawal Consumption | Consumption
- . Open-loop 20,000-50,000 ~200-300
Fossil/ biomass steam turbine ~30
Closed-loop 300-600 300-500
Nuclear Open-loop 25,000-60,000 ~400 -
steam turbine Closed-loop 5001100 400-750
Natural Gas Combined- Open-loop 7,500-20,000 100 T
Cycle Closed-loop 225 175
Integrated Gasification
Combined-Cycle Closed-loop 200 175 150
Carb_on sequestratlon_for ~80% increase in water withdrawal and consumption
fossil energy generation
Geothermal Steam Closed-loop 2000 1000-2500 50
Concentrating Solar Closed-loop 750 750 10
indand N/A 0 0 10




Hybrid
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@ RISKTAKING AND IMPACTS
) RISK REDUCTION
@ WATER-SMART ENERGY

Unruly rivers defy management.

Wind sweeps the Northwest.

“With over 4,000 ww of wind farms berween
them, Washington Stare and Oregon have
the fifth- and sixth-highest levels of wind
power capacity in the United States."* Wind
farms use no water in generating electricity.

With almast 3,700 ww of wind
power capacity in 2010, Jowa ranks
second only to Texas.®

Thirsty plant taps arop water.

An lowa harvest without water.

Too hot for nudear power.

During a 2006 heat wave, while elec-
tricity demand breaks records across
the naton, high water temperatures
force four nuclear plants in the Mid-
west to reduce their outpur when

It 1s needed most. At the two-unit

Union of Concerned Scientists — Water
Impacts on Electric Power Study - 2011

Waterwoes beleaguer troubled plant.

As of 2011, Entergy Corporation continues:
10 struggle 1o win a 20-year license exten-
mﬁru\wm&uwwn
Vernon, VT, as water-relased demands for

its closure grow. ™ Collapsed cooling towers,
M-::.Inhmdddm;- of
:mnmdq-ml.npp[dr."“l:"

Boston takes the heat.

Prairie Island, MM, nuclear plant,
Low snowpack in the Columbia and for example, Mississippi River water
Snake River Basins in the winter of coaling,
20092010 s Followed by unusually

heavy rains in spring. Asa result, the
timing of peak streamflow is well out
of line with projections, straining
hydropewer gencration, power price
setting, and fisheries management."

During an extended drough in 2007 and 2008,

the 1,650new coal-fired Laramie River Station s €0 hot ta be used for cooliny

forcing the plant mredun:umpuzlry
more than 50 percent.*8%

Lake Mead water drops, power follows.

In 1998, Ametican National Power vol-
untarily installs 2 system on
‘n::laldphl:

Lower water levels in Lake Mead caused by
declining input from the Colorado River
reduce Hoover Dam’s 2010 ourput © 80 per-
cent of full production. ¥

Solargoesdry.

In 2010, BrightSource Energy chooses dry cooling
for its 370nw Iranpah concentrating solar powrer
(CSP) plant in California’s Mohave Desert. While
desert development requires avoidance or careful
mitigation of all ceosystem impacts, Franpah will v . e Valkey 's 20 mw Buffalo
consume 90 percent less water per unit of electric- > 1 o Mountain mmm
ity than typical wet-cooled CSP faciliries . - =z Ridge, TN, becomes the South-
east’s first luge-scale wind farm ™

‘Corporation,
of the 619 Mw Oyster Crok
nuckear power plant in Lacey, NJ,
annousces Ia 2010 that it will

'_ Water-free energy in Tennessee.
. Completed In 2004, the Tennesor

Mohave plant goes dark.

Browns Ferry suffers prolonged exposure.
In Diecember 2005, Southern Cali-
fornia Edison shutters its 15800 w
Mohave coal plant in Langhlin, NV,
due to lawsuits and disputes over its

aquifer use and pollution, 333

In che summer of 2010, amid high heat and energy
demand, Tennessee River water temperatures i
abowe 90°F, forcing the Browns Ferry nuclear plant
in Athens, AL, to drastically cut its output for
nearly five consecutive weeks M

Colorado says no to coal.

Georgia ﬂatm; qulping, starts sipping.

:,mmng u‘:o.mgz El'gﬂn cnnul-ﬁmdg,l:=

In 2010, Colorads’s Clean Air-Clein Jobs Act mandates

the retiement of more than 900 of coal plants (such

as Dienver's Cherokee plant), comverting them to naru-

ral gas, or meeting demand with energy efficiency ar

rencwable energy: The Governor's Eneryy Office touts the
water benefits—an annual water savings roughly

equivalent to the volume used by 50,000 people.®

Even the wind is big in Texas.

The largest ULS. wind facilicy, the 780 mw

Roscoe Wind Farm in Roscoe, TX,
on-line in 2009.%* By 2010 the state Erme
than 10,000 sew of installed wind capacity,
much of it in arid central Texas. ™

Waste not, want not. .

In 2006, Harrington Statlon, a 1,080 smw
coal plant, turns to treated wastewater
from Amarillo, TX, to meet its cooling
needs, saving valuable freshwater. 2253

Yates, ™ which previously withdrew more waser per
day from the Chartahoochee River than that used
by all of metropolitan Adanta, cuts iis withdrawals
by 93 pement.®
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Climate Change will Impact Precipitation,
Evapotransplratlon and Runoff
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10% reduction in
precipitation equals
a 20% reduction in
runoff in the SW

CHANGING RAINS

Climate models indicate that
over the next several decades,
increases in atmospheric carbon
could significantly alter world-
wide precipitation patterns. This
map shows predictions based on
arise in average CO, level from
350 to 550 parts per million.
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Nat. Geo. April 2009 from IPCC

“Water is where the climate change rubber meets the road”

ENEHGYM VYA

Dr. Bernie Zak Sandia Sr. Climate Scientist, 2013




Summary of Major National Needs

and Issues ldentified in Regional Workshops

Better resources planning and management

« Improved water supply and demand characterization, monitoring, and
modeling

» Integrated regional energy and water resource planning and decision
support tools

«  Framework for incorporating infrastructure, regulatory, and policy
considerations for improved energy/water efficiency planning

Improved water and energy use efficiency

« Improved water efficiency in thermoelectric power generation

« Improved biofuels/biomass water use efficiency

«  Reduced water intensity for emerging energy resources
Development of alternative water resources and supplies

«  Non-traditional and oil and gas produced water use and reuse
- Improved energy efficiency for non-traditional water treatment and use
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Major Research and Technology Directions
In the Electric Power Sector
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Figure 5 Net Plant Output as a Function of Ambient Temperature; Dy Heat Rejection

Dry Cooling Performance

Improve dry and hybrid
cooling system performance
and reduce cost

Improve ecological
performance of intake
structures for hydro, once-
through, and ocean cooling

Improve materials and cooling
approaches compatible with
use of degraded water

Electric grid infrastructure
upgrades to improve low
water use distributed
technology integration




Other Agencies are Taking Note of Water
and Electric Power Issues

* EPA

— 316b regulations on cooling

USGS/EIA

— Power plant water use and
consumption data collection
improvement

COE/BOR/TVA/BPA

— Hydropower availability and
balancing ability

United Nations

— 2014 is the year of Energy and
Water




