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= Explore geospatial
differences in
energy-water-land
interactions:
= By NCA region,
and
= By state.




Bilateral Interactions ) S

Effect of ENERGY on WATER use

= Water used for energy production (power plant cooling, mining,
etc.)

Effect of WATER on ENERGY use

= Energy to move, lift and treat water

Effect of WATER on LAND use

= Blue water: irrigated cropland and reservoirs

En\l'\ronme,”

= Green water: dry land farming and forests

Effect of LAND on WATER use

= All water use except for energy

Effect of LAND on ENERGY use
= Energy consumption associated with land development

Effect of ENERGY on LAND use
= Land used for energy development (power plants, pipelines, etc.)




Framework for Interpretation ) 2.

Supply-Demand
Functional Linkage
fsp (N, Es, Np, Ep) = f5p (Nsp, Esp)

where N, and Eg, represent the notional combining
of N with N, and E; with E, respectively

Resource

Demand Sector
(e.g., Energy)

Demand Attributes

- Type of Application / Use
- Location & Infrastructure
- Quantity & Quality Required

Resource
Supply Sector

(e.g., Water)

Endowment Attributes
- Type of Resource

- Location & Source

- Supply Infrastructure

- Quantity & Quality - Use Rate Profile
- Sustainable Withdrawal Rate - Use Demand Duration

- Supply Renewal Rate ; - Value of Resource to End-Use
- Availability, Cost, Competing Uses
Technologies & Processes

- Natural: Ng(a, b, ...)
- Engineered/Manmade: E (i, j, ...)

Bi-Lateral Interface = = = = = = = =

Technologies & Processes

- Natural: Ny (m, n, ...)
- Engineered/Manmade: Ej (x,y, ...




Effect of Land on Energy Use ) 5.

= Primary energy
consumption

Energy for Land (Trillion Btu)
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Effect of Energy on Land Use ) 5.

= Land for power
plants

= Land for energy
extraction

= Land for biofuel
cultivation

Land for Energy (Acres)

I 12602 - 2385.42

[ 238543 - 5115.00

5115.01 - 13866.00 -
13866.01 - 35319.90

= 3,000,000

[ ] 35319.91 - 88634.80
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I 566257.01- 915651.00
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Effect of Water on Land Use ) .

= Blue Water:

" |rrigated
farmland,

] , = Reservoirs,
= Urban land

Bluewater (Acres)
I 113183 - 495164
I 495165 - 983658
[ 983659 - 1316160
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Effect of Land on Water Use ) .

= Water
withdrawals
excluding energy
sector

Water for Land (Mgal/Yr)
I 0.00 - 125812.00
I 125812.01- 420462.00
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Effect of Energy on Water Use )

= Thermoelectric water
use

= \Water for fuel
extraction

= \Water for biofuel

Water for Energy (Mgallyr) *
=gl production
[ 19286.61 - 85278.60
85278.61 - 239407.00
[ ] 230407.01- 383294.00 25,000,000
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1. Effect of Energy on Water (Water for
Energy) Mgal/yr : Thermoelectric




1. Effect of Energy on Water (Water for
Energy) Mgal/yr : COAL
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1. Effect of Energy on Water (Water for
Energy) Mgal/yr : Ethanol




1. Effect of Energy on Water (Water for
Energy) Mgal/yr : Oil
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1. Effect of Energy on Water (Water for
Energy) Mgal/yr : Natural Gas
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Effect of Water on Energy Use ) 2.

= Energy to pump
irrigation water

= Energy to move
and treat:

= Drinking water

Energy for Water (MWhlyr)

I 32581 - 9355.59

I 9355.60 - 23774.30
23774.31 - 74369.00

= \Wastewater

[ ] 74369.01- 162514.00 90,000,000
[ ] 162514.01- 492295.00
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I 2133570.01 - 4836890.00 70,000,000
I 4336290.01 - 44695500.00
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Energy for Water ) i
Agricultural Pumping  Agricultural Pumping
Large-Scale Conveyance (Surface

~6% of
electricity use
goes to
providing
water services.

Source: Tidwell et al. 2014




State-Level Comparison

Effect of energy on water use

Water for Energy (Mgallyr)
[ 0.0 - 19285.60
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Effect of energy on land use
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Effect of water on energy use

Energy for Land (Trillion Btu)
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Effect of land on water use

Water for Land (Mgal/Yr)
I 000 - 125812.00
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Effect of land on energy use

Bluewater (Acres)
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NCA Region Comparison ) &5

MGal/Year

Effect of energy on water use Effect of water on energy use
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CLIMATE/ENVIRONMENT ENERGY INFRASTRUCTURE ENERGY RESEARCH

RENEWABLE SYSTEMS

= Project data available at:

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

http://energy.sandia.gov/?page == g

. . )
-— Water Scarcity Impacts Energy Production
I — WATER SECURITY
In the United States the energy sector accounts for approximately 41% of daily fresh water withdrawals PROGRAM

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

(in =

Wiater Infrastructure Security
Water, Energy, and Natural Resource
Systems

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

Energy and Water in the Westemn and

Texas Intercon

» Energy and Water Data Portal

, Electric Power Generation and Water
se Data

» Water Availability, Cost, and Use

ENERGY-WATER DATA

The Energy Information Administration projects the U.S. population will grow by T0 million people PORTAL
between 2005 and 2030, increasing elestric power demand by 50 percent and transportation fuel

demand by 30 percent. This will require mere water. Unfortunately, this growth in water demand is. T
occurring at a time when the nation's fresh water supplies are seeing increasing stress from. A -

» Limitations of surface-water storage capacity
u Increasing depletion and dagradation of ground water suppliss
u Increasing demands for the use of surface water for in-stream ecological and environmental uses

L4 .
V I I l C e n t I I W e = Uncertainty about the impact of climate variability on future water fresh surface and ground water
resources
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L ] L] L]
Nexus - ERCOT - Ground - Hydroelectric 2 ticn - Office of Electricity -

D2 Consumpfive Use - Jectric Fower - Water - Water Availsbilty - Water

Recovery Act~
Demand - water scarcity - Water Valuation - Watershed Mods! - Wistem and Texas Inferconnects - Westem United States
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