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Water for Energy

Water Consumption by County

Thermoelectric Coal

2015 WATER WITHDRAWALS
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Energy for Water

Water Sector
Consumes 4-8%
of Total U.S.
Energy
Production

Energy Consumption by County
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Current Impacts

Climate Extremes Impact Power Production
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Home Idaho Places Moratorium on Coal-

Fired Power Plants
May 24, 2006

Idaho has established a two-year onthe of most types
of coal fvad powae lant: Toaho s the ouly Western stats cucently ot
any coal-fired power plants. The moratorium does not prohibit construction of
all coal-fired plants, but will make such construction unlikely at least for the
next two years or until the Idaho legislature, through the Idaho Interirm
Committee on Energy, Environment, and Technology, develops a
comprehensive state energy plan.

Breeze #

401.334.9555

The legislation was inspired in part by a controversial plan by California-based
Sempra Generation to build a 600 mega-watt plant in Jerome County,
approximately 120 miles southeast of Boise. Following the Senate’s passage of
H. 701, Sempra announced that it would end efforts to construct the Jerome
County project and a smilar project in northern Nevada. Craig D. Rose,

Home News Obituaries

f
6/20/2019

(March 30, 2006). In a letter to Idaho Governor Kempthorne, Sempra stated
that it withdrew from the Idaho project because it was focusing on its natural
gas related business. Id. Sempra plans on seeking buyers for the development
work it has already done at the sites. Id.

Introduced by House Speaker Bruce Newcomb (R), H. 791 was passed by the
Idaho House on a 65-4-1 vote on March 21, 2006, and by the Senate on a 30-5
vote eight days later. Rebecca Meany, P atorium Bill on
Governor's Desk, Idaho Mountain Express (March 31, 2006). The 1daho
Legislature found that it was “in the public interest to adopt an integrated
energy plan ... that provides for the states’ power generation needs and protects
the health and safety of the citizens of Idaho.” EL. 701. The Legislature also
found that “certain coal fired power plants may have a si
impact upon the health, safety and welfare of the population, the quality and

State denies permit to
Burrillville power plant
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

‘Wallum Lake Road. financial security of existing business ... and th
quality and natural resources of [the] state.” Id.
The decision came after just a few hours of public debate durin; H. 701 amends the Idaho Environmental Protection and Health Act, Idaho

Code Ann. § 39-101, et seq. Under the act, as amended, municipalities,
f ! 1 Omalits: hihitad

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

energy produced by the plant, a key argunment made by representatives of the
company.

The decision was a vietorv for conservationists and laeal residents. manv of

TopStories  Topics  Video  Listen

Company’s bid to use groundwater for nuclear plant denied

November 12, 2019

PHOENIX (AP) — Arizona water regulators have rejected an application by an electr e CENTER for BIOLOGICAL DIVERSITY
nuclear power plant west of Phoenix because the water is being used by nearby resids

IThe state Department of Water Resources denied the request from Arizona PublicSe| . 00
Buckeye area and study it as an alternative to expensive reclaimed water because it it | conac ny Awood Conteror elopea ey, (5419143572
Monday. Statement on NV Energy Inc.'s Abandonment of Plans to
. Construct Coal-Fired Power Plant in Eastern Nevada
LAS VEGAS. Mo —
o
Ve, whch s not ke beore e o o e e decace
. " . 5 7 * said Ay Atwood,puc lands
‘The permit requires water has no other beneficial use, state department officials said S0 o o e Gt b ool . i o ittt shuk ok el skl rollry sororts r o

of lobal warming

“The Department finds that this groundwater is currently being used b anc

e s s e e e o O e O oot 1 . S5
deny the application,” officials said in the rejection letter. o gan
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Intensifying Droughf .Y

Climate-Water Impacts Without

Power Supply Systems Context: @ Power generatlon at r|Sk from

Adjusted Available Capacity (AAC)
drought.

* Elevated water temperatures
can necessitate plants to limit
their generation.

Current
Climate

* Shown is the potential impact

on current generation

e capacity:
Climate * o Under current climate, and
st o Under future climate
o conditions.
e para

o <100 [l NERC Region Source: Miara et al. 2017




Reduced Water Usq

Withdrawals (gallons/WMWh)
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Systems are Moving to Less Water Intensive Forms of Generation

Current generation relies on
high-water use technology:

New capacity favors low-
water use technology:

* Coal * Natural gas combined cycle
¢ Gas-Steam * Wind
* Nuclear ¢ Solar PV
once-through cooling pond recirculating dry-cooled
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Reduced Withdraw

Systems are Moving to Less Water Intensive Forms of Cooling

More i= l
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EPA Issues Final Cooling Water Intake
316(b) Rule

05/19/2014 | Sonal Patel

Save to myPOWER

PRINT MODE : OFF
PAGES: 1 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-cost
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 facilities 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
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Integrated Planningii NNV
* Integrated climate into WECC’s capacity

expansion planning exercise

* Explored how water extremes influence planning
decisions

Climate (4 GCMs)

A WeSTERN =
GOVERNORS' \ WE
ASSOCIATION

- of 19 States and 3 US-F1 "

Serving the Governors of 19 States and 3 US-Flag Pacifc lslands

Heating & Cooling Heating & Cooling

AT,
/_\‘ WSWC Degree Days: Impact on Degree Days: Impact on
&/ Western States Water Counc Load and Transmission Load and Transmission

. ReEDS WM/WBM-TP2M At LEXOS
Analysis platform ' 1| commene || e b o g o
¥ e Impacts on Water | : Electricity Capacity, / Sahe Rce‘l,hb'"t:u
1 . ; Availability - Hyd r and o o stan
I n Cl U d e d . o T:r::ils;:n Emissions
* Hydrologic modeling,
. . Capacity Expansio
* Capacity expansion g el
modeling, and

Energy Futures (4 Scenarios)

* Production Cost Modeling



Climate Impact o

mm.wé ENREL

Generation Expansion Profiles
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Implications for System Reliability and Cost
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Hy _ .
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| Gas-CT
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B Cofire . .
w5 CoallGCC * Hydropower production is key
Hl Coal
Bl Nuclear

uncertainty.

* Considerable adaptive
capacity available in the grid.

Tidwell et al 2020



Climate Impact o

Implications for Future Water Use
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Combined influence of climate
and water availability influence
siting decisions
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Integrated Plant- L )

Techno-economic assessment of water

options for the Palo Verde Nuclear Power There are many dimensions
Plant, Phoenix, AZ

to a power plant’s water
ty Flow Path footprint:
* Water supply reliability and
cost.

* Variable/changing chemistry
= of water supply.

* Changing cost of cooling and
water treatment technology.

* Wastewater management
options and costs.

o,

Source: Middleton and Brady 2020



Integrated Plant-

Interactive Decision Platform to Support
Water Planning

Alternate Water Sources
Capital Expenses for Infrastructure
0&M Costs

Supplemental Treatment Cost
Water Source Cost Data (S/AF)
Water Chemistry — [Xs:], [Xs;], o [Xenl

:I LCOW,, E

Base Model Inputs

Atmospheric: T-DBjsoy.sr) (M#SD), RHjsoy.4) (M+SD) - °F
AtmosphericScaling Factor: (+/- °F/Yr)
SROG Effluent Contract Cost Data (S/AF)*
SROG Effluent Baseline Chemistry— [Xs,], [Xs2], - [Xsy]
SROG Effluent Chemistry P Scaling Factors
Tolleson Effluent Contract Cost Data (S/AF)
Tolleson Effluent Flow Rate (S$/AF)

I ine Ch Y= [Xagls Xaal, e [Xand
WRF Processing Cost - Fixed— ($/AF)
WRF Chemicals (Ca0, Na,COs, CO,,H,S0,, Cl;) ($/ton)
WRF Processing Cost - Variable—(S/AF)
Power Cost ($/MWhr)

d/ Unplanned Operation Dispatch (t, RTP)

P P

Planned Outage (t)

Initial Evaporation Pond Level (each pond/sub-pond)—(ft)
Cooling Tower Efficiency

Simulation start date: MM/DD/YYYY

Option start date: MM/DD/YYYY

Plant Life (yrs)

1. Effluent cost data to include annual non-usage penalty

Tertiary Treatment Process
Solids Processing and Disposal

Reservoir

Inventory / Chemistry

Alternate Steam
Cooling Condenser

nd

Storage (and Recovery)
Capital

0&M

Treatment Cost

Model Qutput

Total Annual Cooling Water Cost ($/MWhr) iy
Total Annual Generation (MWhr) iy
Total Annual Revenue (S} v

-,
N
Averaged lifetime LCOW

Option Plant Time to Time to Uifetime

Start Life DR1% DR 10% RoR

Year

2020 &0 as 8.6 123 200
2020 80 as a6 12s 410
2022 80 45 a8 16 asa

Supplementary Output (Hourly)

Water Consumption Rate
AtmosphericEmissions

Evap Pond Level/Concentration/ Evap Rate
Electrical Net Generation

Presents tradeoffs in plant
economics due to:

* Alternative cooling technologies,

* Water usage and treatment,

* Water disposal options, and

* Influent water chemistry

Source: Middleton and Brady 2020

ECONOMIC MODEL HOME PAGE @

‘Water Resources Tertiary Inputs

Runtime Settings  Ba-vear
© BO-Year Plant Life:
Start Time: 1/1/2019
End Time: 1[1;2&20 et Flant Life I
Timestep [hrs]: | 02:00 " e o ‘

Fer instrucTions on haw T oegw, click the blue hele izan af the top of
tha page.

This icor can be found ot the fes of cach page for gencral Infarmatian
abaut the awilsbie input porametess, ar aext to indivcual features for
apecifis feature related belp and infarmaten.

RESULTS 2>

Financial Inputs

L

Pawer Plant and Unit Status

Circulating Water System & Conling Towers

Evaporation Pond Sattings

- - - -

Options and Reference Run Settings

Q2
PalcVerde

|

PALO VERDE GENERATING STATION COMPREHENSIVE WATER CYCLE MODEL

PRICJECT DESCRIPTION

LUSER MAMLIAL

ECOHOMIC MODEL OPTIMIZATION
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Water for Oil and
Gas Production
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Current Impacts GGGV

Disruptions Caused by Drought
and Storm Damage

Water extremes
impact oil and gas
production:

*  Water policy,

*  Water cost.

(@} Money Companies Markets Tech Media

Drought strains U.S.
oil production

By Steve Hargreaves @CNNMoney July 31, 2012: 4:55 AM ET

20' I DI’OUght Source: DOE 2013
Impacts Rig Count

1.00
1

Sample Average

0.75

Excavators prepare water for the oil industry in Kansas. The drought is restricting water available
for fracking, which could harm U_S. oil production

0.25

D2 Severe Drought

Mean Wells Drilled per County-Week
0.50

0.00

0 20 80 100

40 60
Source: US Drought Monitor. Source: Stevens and Torell 2018 ARGty



Intensifying Dema SV

Projected Increases in Production Much of Production in Water-
z-ilsli.o ﬁr;:re:ecrsil Ff)er?g:;tion i:0t1h8e AEO02019 Reference case (2000-2050) L.I m .I t e d R e g.l On S
16 history | projections s : —pr
14 i
2 *

10 Permian

8 1

6 M Eégle Ford

4 ' :

2 nontight oil

02000 2010 2020 2030 2040 2050 ei//EP

U Currant plays od
Prospective plays *

Stacked plays

—— Shallowest youngest

LR
e &
xod shale [ —
= Infermediate doptn/ age hi colostone-
tore

m /&“ g L

—— Despest/ oldes! ore &

Water choices are complicated:

* Alternative water sources,
* Water disposal options,
Legend . .
B o * Intensity of production, and
- Produced water
W Treated produced water PY

Produced water use options.

Source: Zemlick et al. 2018



Produced Water SV

Recycle produced water Fit-for-use treatment:
. SR Reclaiming well pads

Source: American Oil and Gas Reporter 2020

« 25BG of water used in unconventional oil
production each year

Over one trillion gallons of produced water
generated in 2012

$40B in annual disposal costs

Source: Dwyer and McDonald 2016
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Supply and Dema

Fresh Surface Water Fresh Groundwater Appropriated Water

20

o i?ﬁé&h
2
21 e['g"

/ 7
Q¢ Z -
‘,\.‘,«% ,as'q
7 :i'ﬁ ="

2

A (LN
P (ORS
SERPAN
N e
&.! {[ﬂ-’ Vatie!
5 “’l S5 Appropriated Surface Water
AFY
1000 30
1 000 - 5.000 - 1000
0 5.000 - 10,000 1 1,000 - 5,000
51 10,000 - S0.000 I 5,000 - 10,000
50,000 - 100,000 551 10,000 - 50,000
100,000 - 500,000 [7-150,000 - 100,000
[551500.000 - 1,000.000 500,000 - 1,000,000 [71100,000 - 500,000
551 1,000,000 - $.000,000 1559 1,000,000 - 5,000,000 531 500,000 - 1,000,000
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1 10,000,000 - 100,000,000 N 10,000,000 - 100,000,000 I 5,000,000 - 10,000,000
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[ Surface Water Area of Concem & = m 3 = 1 A [ Groundwater Area of Concem 8w 3 e I - 100,000,000 B 20 hi) 1 A

Brackish Water Growth in Demana~2015—2035

AFY
I < 100,000

I -100,000 - (-50,000)
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515,000 - (-,000)
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Source: Tidwell et al. 2018



Intensifying Dem

Projected Change in Energy Demand
for Water Services 2015-2030

Energy Use (MWhiyr)
Total Change Low

[ <-100.000

I -100,000 - (-25,000)
[ 25,000 - (-1.000)
[ -1.000 - (-500)

I 500 - (-100)

[ -100 -0

o

=11-100

[J 100 - 500

=] 500 - 1.000

|1 1.000 - 5.000

[ 5,000 - 10.000
[ 10.000 - 25,000

[ 25.000 - 50.000

[ 50,000 - 100,000
[ 100,000 - 500,000
I > 500.000

-
[Ty VR
o aip By

7-13% increase projected over 15 yrs.

Source: Tidwell and Moreland 2020

Existing and Proposed Western Water Supply Projects

Source: detoxifynow.com

(Billion Gallons per Day)
o 3

Projected Water Use of Non-traditional Water

—p Existing Projects
—p Proposed Projects
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Treatment Paradigm
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Resource Recovery

Water Resource Recovery Facility of the Future

Energy Positive and Beyond: The Vision for Transforming Wastewater Treatment

Energy Efficiency and Resource Recovery
Facilities will use energy-efficient operations to recover water, energy,
and nutrients as well as to produce clean water and other products.

)

Integrated Production
Facilities will produce clean water, energy, other water
grades, and a slate of products for industry, agriculture, etc.

Smart Systems

Sensors, software, and advanced Outcomes

devices monitor volume and content + Healthy environment

of incoming streams, inform plant

operations, track performance, and * Renewable energy supply
verify output safety and quality. « Reduced carbon emissions

* Economic growth

« Vibrant and green communities

R

Residential Commercial Power Plants Transportation Industrial

Engaged & Informed Communities

SRR L O

(( )) ) Healthy
(( )) Clean Drinking Other Water Aquatic Fuels Electricity Chemicals
Water Grades Systems

Fertilizer

A& H Bl o b o)

Agricultural

Officials, industry, and the public will manage demand and waste better, support resource
recovery goals, and contribute to integrated solutions for water, energy, and food supply.

Source: DOE 2015

Biogas Potential

- DOE Water
) .
~ Security

Source: Tidwell and Moreland 2020

$2 billion of electricity each year.

$200 billion in future capital investment.
Wastewater treatment plants can account for a
third or more of municipal energy bills.
Recoverable resources include:

*  Energy,
* Nutrients for fertilizer, and
« (Clean water.



Key Points R A O Y Y

|. Energy-Water-Climate issues are affecting
energy and water 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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Sandia National Laboratories

Energy and Climate

Sandia
National
Laboratories

ENERGY RESEARCH ABOUT EC

ENERGY INFRASTRUCTURE

RENEWABLE SYSTEMS CLIMATE/ENVIRONMENT

Energy and Climate = Climate/Environment »Water Security Program = Energy and Water in the Western and Texas Interconnects
Energy and Water in the Western and Texas Interconnects
Background ata 3] ﬁ ﬁ oy

Water Scarcity Impacts Energy Production

In the United States the energy sector accounts for approximately 41% of daily fresh water withdrawals
and 49% of total overall daily water withdrawals for the following energy-related uses:

WATER SECURITY
PROGRAM

Water Infrastructure Security
Water, Energy. and Natural Resource
Systems

Energy and Water in the Westem and

Texas Interconnecis

» Energy and Water Data Portal

. Electric Power Generation and Water
e Data

= Hydroelectric power generation
= Thermoelectric power plant cooling and air emissions control
= Energy-resource extraction, refining, and processing

» Water Availability, Cost, and Use

ENERGY-WATER DATA
PORTAL

The Energy Information Administration projects the U.S. population will grow by 70 million people
between 2005 and 2030, increasing electric power demand by 50 percent and transportation fuel
demand by 30 percent. This will require more water. Unfortunately, this growth in water demand is
occurring at a time when the nation's fresh water supplies are seeing increasing stress from:

U

e

vctidwe@sandia.gov
505)844-6025

Limitations of surface-water storage capaci
L] ge capacity ? ,'\1

= Increasing depletion and degradation of ground water supplies

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

= Uncertainty about the impact of climate variability on future water fresh surface and ground water
resources
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