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Water withdrawals and consumption
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Water withdrawals by state
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Life-cycle water impacts data needs
I

Water use inventory King & Webber (2008)
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« An attempt to maintain

Water “footprint” by color

Blue: water withdrawn
from ground or surface
water for human uses

physical units for water
use while accounting
for both water use &
water quality impacts

Incorporates the
concept of “green
water”, penalizing
rainfed crops

Gray: the quantity of water
needed to dilute aquatic
pollution to reach
applicable standards

5
Concept from Gerbens-Leenes et al (2009)



Green water: implications for biofuels
I

« Rainfed low-input, high-yield grasses
often have higher ET rates than row
crops they could potentially replace

* These higher ET rates likely closer to
that of native vegetation

« Artificially high water table resulting
from replacement of native vegetation |
with row crops can cause salination of |
soll

« Higher ET of biofuel crops not
necessarily detrimental
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Sources: wiu.edu; news.illinois.edu



Energy-water nexus: Transportation energy

How reliant on fresh water resources will future transportation
fuels be, and what are the implications?
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Motivation
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« Depletion of water resources
results in:
— Subsidence
— Saltwater intrusion
— Habitat disruption

— Exacerbation of drought
conditions

— Need for energy-intensive
alternative supplies




US water withdrawals
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Current drought conditions

Current
Drought
Condition

DO
D1
D2
(DX]
D4

D4 drought severity: Exceptional &
widespread crop/pasture losses;
shortages of water in reservoirs,
streams, & wells creating water
emergencies
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Water use metrics

Total Withdrawals — Return Flow
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Life-cycle assessment of transportation fuels
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Long-term marginal water requirements
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Water requirement sensitivity
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Groundwater

Example: ethanol production from
corn grain and stover

Depending on groundwater level

measurements and records of

subsidence and/or saltwater

intrusion, counties are classified

as impacted by overpumping or

not impacted by overpumping
Sources: 2010 USGS Groundwater Watch

Scown C D, Horvath A and McKone T E 2011 Water Footprint of U.S.
Transportation Fuels Environmental Science & Technology 45 2541-53

L water consumed / km Traveled

B Groundwater Consumption: Areas
Not Impacted by Overpumping

¥ Groundwater Consumption: Areas
Impacted by Overpumping

Avg
Corn
Grain &

Stover
Ethanol

15



Surface water

Example: surface water
consumption for power generation

B Surface Water Consumption:
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m Surface Water Consumption:
Drought-Prone Areas

Depending on historical data and
long-term drought predictions,
counties are classified as either
drought-prone or non-drought-prone
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GHG impacts of water supply
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Major Energy-Intensive Water Supplies
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GHG-Iintensity of water supply options

For all options, electricity generation contributes > 80% of
total life-cycle GHG emissions

Vast majority of remaining GHG emissions are attributable to
chemical production

Breunig et al (2013) show that deep ) RS
aquifers used for CCS may yield saline | =~ ‘f-“"“*x*”’“[g « California’s State Water
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T Project (SWP) is the

single largest electricity

user in the state,
accounting for 6.5% of

total power consumption

« Desalinating ocean

water to satisfy demand
would more than double
that demand

Southern CA
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Pretreatment Pretreatment Groundwater
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Data source: Stokes & Horvath (2009) 19
Note: recycled wastewater for non-potable uses only



Water-carbon tradeoffs
]

GHG emissions reduction measures do not always reduce

water use and vice versa

GHG-saving

Impact on water use Fresh water
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Building efficiency

Vehicle efficiency
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Trade coal for natural
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Water-efficient
appliances

Dry cooling at power
plants

Desalination

Wastewater recycling

Drip irrigation

Increased water
recycling for oil & oil
sands recovery
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Projecting forward
I

* Agriculture Increasing stress on the west
— Efficiency likely to increase
— Effects of climate change will
vary by region ),
— Dependent on cultivated area t‘..',.!
& crop choices 23
* Power generation
— Withdrawals likely to decrease

with fleet turnover e Sy i “*:.;.;;
. . ‘ b{g» b)Y
— Consumption likely to L' - @
INCrease Projected % change in population
- 2012-2050
« Public supply ( )
_ _ -40% - 3.5%
— Population-driven 3.5% - 26%
— Water-efficient appliances = éiﬁfgiff
. E= 0 - 0
likely to temper growth G 845 . 3300 .

Data source: Zarnoch, S. J., et al. (2010)



Some key questions and research needs

« What geographic
boundaries are appropriate
for co-management of water £ -NPTN Vs
and energy? 'Sotrce: Us EPA  Source: USGS

« How can we balance competing demands for water in
droughts: farmers, power plants, industry, public?

« We must gain a better understanding of
risks/opportunities associated with energy-related
subsurface activities including hydraulic fracturing, CCS,
hydrogen storage

« How will climate change affect water needs for power
production and agriculture?

22
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Backup slides
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Current Drought Conditions
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Major Energy-Intensive Water Supplies
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G

HG impacts of water supply

S *Error bars represent the potential range of GHG emissions
S s contributions resulting from use of desalinated, recycled, or
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Water withdrawals and consumption
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Data Source: Kenny, J. F.; Barber, N. L.; Hutson, S. S.; Linsey, K. S.; Lovelace, J. K.; Maupin, M. A. Estimated Use of Water in the United States in

2005; U.S. Geological Survey: Washington, D.C., 2009.
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