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Water for Energy 

Water Consumption by County

2015 WATER WITHDRAWALS
Public
12%

Thermoelectric
43%

Mining__----
1% --,

industrial Aquaculture
____ 
'-

4% 2%

322 BGD Total Withdrawals
-7-8 BGD Total Consumption

Domestic
1%

irrigation
36%

Source: USGS 2018

Thermoelectric

Unconventional Oil and Gas

Coal

Refineries

Source: Tidwell et al. 2016



Curren° Impacts 
Climate Extremes Impact Power Production
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State denies permit to
Burrillville power plant

MARTEN LAW
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BURRILLVILLE — In a gripping decision that followed several

debate, the state Energy Facility Siting Board today denied an a

Chicago-based Invenergy to build an oil-and-gas-burning powe Inm

Wallum Lake Road.

The decision came after just a few hours of public debate durin1

members of the state board expressed doubt about the state's n

energy produced by the plant, a key argument made by representatives of the

company.
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Top Stodes Topics

Idaho Places Moratorium on Coal-

Fired Power Plants
May 24, 2006

Idaho has established a two-year moratorium on the construction of most types
of coal-bred power plants. Idaho is the only Western state currently without
any coal-fired power plants. The moratorium don not prohibit construction of
all eoal-fired plants, but wa make such sonstrunion unhltely miens for the
next two years or until the Idaho legislature, through the Idoho Interim
Committee cm Eneow, Environment, and Teelmolocy, develops a
comprehensive state energy plan.

The legishtion was inspired in earthy. controversial plant, California-based
Sempra Generation to build a 600 mega-watt plant in Jerome County,
approximately mo miles southeast of Boise Famine the Senate's passage of
H. Jos, Sempra announced that it would end efforts to construct thejerome
County project and a similar project in northern Nevada. Craig D. Rose,
Nevada, Idaho Projects Ran Into shff Opposition, San Diego union Tribune
(Match 3o, noo6). In a letter to Idaho Governor Kempthorne, Semem stated
that it withdrew from the Idaho project because it was focusing on its natural
gas related business. Id. Sempre plans on seeking buyers for the developm®t
work it has already done at the sites. Id.

Introduced by Home Speaker Bruce Newcomb Mb H. 79t was nised hi' the
Idaho House on a 65-4-1 vote on March 21,2006, and by the Senate on a 3o-5
vote eight deplete, Rebecca Meany, Pou sr Plant Moratorium Hill on
Governor's Desk Idaho Mountain Esoress (March 31, soofd. The Idaho
LeatT  tore found that itwas In the public interest to adopt an integrated
energy plan ... that provides for the name power generation needs and protests
the health and safety of the citizens of Idaho' H. Tot. The Legislature also
found that *certain coal fired power plants may have a significant negative
impact upon the health, safety and welfare of the population, the quality and
financial security of existing agricultural business and the environmental
quality and natural resources of ithei state Id.

H. 291 amends the Idaho Environmental Protection and Health Act, Idaho
Cede Ann, § 39-mt, et seq. Under the act, as amended, municipalities,

m r 
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AP NEWS

Company's bid to use groundwater for nuclear plant denied
overreer 12, 201,

HOENIX (AP) — Arizona water regulators have rejected an application by an electr

uclear power plant west of Phoenix because the water is being used by nearby residi

e state Department of Water Resources denied the request from Arizona Public Se

uckeye area and study it as an alternative to expensive reclaimed water because it h

onday.

e permit requires water has no other beneficial use, state department officials said

The Department finds that this groundwater is currently being used beneficially anc

eny the application," officials said in the rejection letter.
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Cascading Impacts r. F,c7rrie Pnweir

Change in
precipitation

Changing precipitation and
high temperatures reduce

reservoir volume and
hydroelectric production

increased
temperatures

increased
11%vapora tio n

increased water demands
chotlenge deliveries to
thermoe!ectric plants

Lost reservoir operational flexibility threatens
balancing of variable wind/solar generation

Higher temperatures
reduce transmission line

capacity

increased temperatures
reduce transformer and

substation capacity

Higher temperatures
reduce plant efficiency

Range/forest fires
dornage transmission

infrastructure

increased
temperature leads to

increased peak
electricity demand



Reduced Water Usimmimmy

Systems are Moving to Less Water Intensive Forms of Generation
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Current generation relies on
high-water use technology:

Coal

Gas-Steam

• Nuclear

1
onite•tlifough coolirhg pond
 1

MAI

New capacity favors low-
water use technology:

Natural gas combined cycle

Wind

Solar PV

reclrailating  dry-cooled 
f

*I Oh 51.

E
Valltlidraval — median — Consumption

Nu cle..a

11.200
Coal

LOIN
g ft.lopower

800 4,0
Natural gas

'500 1=I comb I ned-cychm

4 CIO 11 f5P trough

21:I° PV Solar

° • Wind

Ranges Wien mialmurn and lrn Lim water-use values..
Source: UCS 2011



Reduced Withdraw

Systems are Moving to Less Water Intensive Forms of Cooling

POWER
Business & Technology for the Global Generation Industry Since 1882

MoreiE
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fIRIOCONNECTEDNANT ELECTRIC POWEIFIM CONFERENCE

Flome Coal Gas Nuclear RenewablE

Home Coal

Check out the new
myPOWER section of
our website. It's for
content you control.

Show me more O

EPA Issues Final Cooling Water Intake
316(b) Rule
05/19/2014 l Sonal Patel

1,Internatio

Save to myPOWER

PRINT MODE OFF

PAGES: 2

A final rule released by the Environmental Protection Agency (EPA) today will affect cooling

water intake structures at 544 U.S. power plants and provide those plants with lower-cog

compliance options than previously proposed to reduce fish impingement and entrainment.

The final rule issued under Section 316(b) of the Clean Water Act applies to facillties that each

withdraw at least two million gallons per day of cooling water from waters of the U.S. The na-

tional requirements, which will be implemented through National Pollutant Discharge Elimina-

tion System (NPDES) permits, "puts implementation analysis in the hands of the permit writ-

ers so requirements can be tailored to the particular facility," the EPA said today.

High Water Withdrawal
Low Water Consumption

Steam

Condenser
Condensate

20,000-50,000
gal/MWh Rive r—■

Increased River
Evaporation

Ih"

-300 gal/MWh

Low Water Withdrawal
High Water Consumption

Steam

Condensate
Condenser

Pump

-480 gal!MWh

111111
Water
Vapor

Cooling
Tower

Freshwater Blowdown
Supply

500-600 gal/NAWh
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Alternative Water

Retrofit existing plants to eliminate freshwater use

• Retrofit options:
• Dry cooling
• Municipal waste water
• Brackish groundwater

1 1.1111MT,

- I

1141,-A

I •

1,178 Freshwater Using
Thermoelectric Power Plants

• Costs:
• Capital
• Operating and Maintenance
• Capture
• Treatment
• Parasitic energy losses

Water Availability
Municipal Wastewater Brackish Groundwater

A

•

Me



Alternative Water 

Technology Number of

plants

Waste water 823

Brackish water 109

Dry cooling 246

Note: ALCOEs tend
to be lower in the
West,Texas Gulf
Coast and south
Florida, which are
areas prone to
drought stress

1,178 Freshwater
Using Thermoelectric

Power Plants

USD/MWh

MOO

$0.01 - $0.50

$0.51 - $1.00

$1.01 - $3.00

$3.01 - $5.00

$5.01 - $7.00

$7.01 - $9.00

$9.01 - $11.00

$11.01 - $13.00

0 205 9/0 820 1.230 1,690
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. if.ftwermin.

• Electum Ormastramet

• Dry Cooly..

Least cost alternative values
mapped on watersheds
vulnerable to drought (outlined
in red)

With wholesale cost of electricity about $40/MWh*, many retrofits could be
accomplished at levels that would add less than 10% to current power plant

generation expenses.

*average 2012 wholesale cost over 3 US trading hub regions

Source: Tidwell et al. 2014



Integrated Plannin 
The North American Electric

Reliability Corporation Regions

Source: North American Energy Reliability Corporation.

pm WESTERN
gib GOVERNORS'

ASSOCIATION
Soneng the Governors ol i9 Swee .413 US-Flp Pitork Wands

wswc
Western States Water Cowl

WECC

Analysis platform
included:

Hydrologic modeling,

Capacity expansion

modeling, and

Production Cost Modeling

- Integrated climate into WECCs capacity
expansion planning exercise

Explored how water extremes influence planning
decisions

Heating & Cooling

Degree Days: Impact on

Load and Transmission

1
ReEDS

Climate-Water

Impacts on Water

Availability

WM/WBM-TP2M

Capacity Expansion

Projections

Climate-Water

Impacts on

Electricity Capacity,

Hydropower and

Transmission

Heating & Cooling

Degree Days: Impact on

Load and Transmission

Energy Futures (4 Scenarios)

System

Reliability,

Cost and

Emissions



Limitei I. Supply 
Fresh Surface Water
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imited  Water for ----4""r-kower

Moderate emissions pathway

Relative trends in available hydropower

GFOL-E514214 RCP4.5

IPSL.CM5A-LR RCP8.5

NT=

Extreme emissions pathway NAM

411 FA rtil

IPSL-CM5A-LR RCP4 5

MIRCC-ESM-CHEM RCP8.5

Impact (%)
2038 vs 2018

M20

20



Climate Impacts
Expansion

NREL
Generation Expansion Profiles
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Battery
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Wind
Landfill-gas
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Geothermal
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Implications for System Reliability and Cost
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Source: Tidwell et al 2020

Date (EST)

Additional capacity needed to
meet peak load.

Hydropower production is key
uncertainty.

Considerable adaptive
capacity available in the grid.
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ELEC.MIROC85

ELEC.HISTORIC

HIGH.VG.COST.GLDL45

HIGH.VG.COST.IPSL45

HIGH.VG.COST.IPSL85

HIGH.VG.COST.MIROC85

HIGH.VG.COST.HISTORIC

LOW.VG.COST.GFDL45

LOW.VG.COST.IPSL45

LOW.VG.COST.IPSL85

LOW.VG.COST.MIROC85

LOW.VG.COST.H ISTORIC

REF.GFDL45

REF.IPSL45

REF.IPSL85

REF.MIROC85

REF.HISTORIC

Heat-driven demand can increase costs, but increased hydropower can reduce costs

Cumulative climate impacts on cost range from -17.7-17.6 billion $

Climate impacts on electricity prices are small compared to technology and electrification
Preliminary: Do Not Cite or Distribute



Climate Impacts 
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Combined influence of climate
and water availability influence
siting decisions

Climate Effect on 2038 Capacity (GW)

▪ <= -1.0 0.25 - 0.5
▪ -1.0 - -0.75 0.5 - 0.75
MI -0.75 - -0.5 0.75 - 1.0

-0.5 - -0.25 Mr 1.0 - 1.25
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-0.001 - 0.001= 1.5 - 1.75
0.001 - 0.25 1.75 - 2.0

> 2.0

scenario=REF.COOLDRY
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Key Points

I. Energy-Water-Climate issues are affecting
energy production today.

2. Without attention these issues will intensify.

3. Changes in the energy and water sectors are
mitigating some climate vulnerabilities.

4. Options are available to adapt to a changing
and uncertain future.
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In the United States the energy sego( accounts for approximately 41% of daily fresh water withdrawals

and 49% of total overall daily water withdrawals for the following energy-related uses

• Hydroelectric power generation

• Thermoelectric power plant cooling and air emissions control

• Energy-resource extraction refining. and processing

The Energy Information Administration projects the U S populabon mil grow by 70 million people

between 2005 end 2030, increasing electac power demand by 50 percent and bansportabon fuel

demand by 30 percent This will require more water. Unfortunately, this growlh in water demand is

occuning at a time when the nations fresh water supplies are seeing Increasing stress from

• Limitations of surface-water storage capacity

• Increasing depletion and degradation aground water supplies

• Increasing demands for the use of surface water for in-stream ecological and environmental uses

• Uncertainty about the impact of dimate variability on future water fresh surface and ground water
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Energy solar solar
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