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Southwest U.S.Precipitation Patterns
Based on Tree Ring Data
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Climate Change will Impact Precipitation
Evapotranspiration, and Runoff
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Puerto Rico
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Expected Water Shortages by State ~

PRTTINLTRER IR [natructions: This base map displays 2013 categories. To view 2003 10 2013 category comparisons,
place your cursor over any individual state. For a peintable version of the 2003 and 2013 state
categorizations and maps, see appendix Iil.
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Water for Energy

Water Withdrawal (1,290 Mm?3/d)
2005

Municipal
48
14%

Industrial

= Water Consumption (390 Mm?3/d)
1995

Mining
2.3
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~4 Mm3/d Consumed in Mining
and Fuel Processing
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Water Consumption for Energy Extraction,
Mining, and Processing (2006 Report to
Congre S@EZel Refitng | o

y Irrigation  I—
Ethanol Processing [ ]

Corn Irrigation [ ]

Hydrogen Electrolysis [}
Hydrogen Reforming | ]
Uranium Processing | [

Uranium Mining 7—
Qil Storage in Salt Cavern** | =
Oil Sands | I—
Oil Shale In-Situ* |EEEE——
Oil Shale Surface Retort | I—
Refining | I—
Enhanced Qil Recovery | [ S —
Petroleum Extraction 7—
Gas Storage in Salt Cavern** | [ |

Natural Gas Pipeline Operations Ji

Natural Gas Extraction & Processing [ |
Coal Gasification | ]
Coal Slurry | [
Coal Liquefaction | ]
Coal Washing l
Coal Mining L
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Water Use and Consumption of Electric
Power Generation Alternatives

Water Use Intensity (I/MWh,)
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Plant-type COBIE Steam Condensing Other Uses
Process
Withdrawal Consumption | Consumption

- _ Open-loop 80,000-200,000 ~800-1200

Fossil/ biomass steam turbine ~120
Closed-loop 1200-2400 1200-2000

Nuclear Open-loop 100,000-240,000 ~1600 .
steam turbine Closed-loop 20004400 1600-2900

Natural Gas Combined- Open-loop 30,000-80,000 400 .
Cycle Closed-loop 900 700
Integrated Gasification Closed-loop 800 200 600

Combined-Cycle

Carbon sequestration for
fossil energy generation

~70-90% increase in water withdrawal and consumption

Geothermal Steam Closed-loop 8000 2000-5500 200
Concentrating Solar Closed-loop 3000 2900 40
Wind and N/A 0 0 10

Solar Photovoltaic
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Water Consumption of
Transportation Fuel Alternatives
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Fuel Type Relationship | Relationship Water Consumption
and to Water to Water Water c_onsumed Average gal
: : per-unit-energy | water consumed
Process Quantity Quality [ gal / MMBTU ]t per gal fuel
. - Produced water
Comventonal RG2S | ractandrefine; |  Generated rom
LRI, e Water produced | . P88 S ated - L - L -
- NG extraction/Processing from extraction from processing: 2-3 ~15
Biofuels Wastewater generated
fi ing;
- Grain Ethanol Processing Water needed A :;:ﬂg;‘;eif:ma%’m 12 - 160 ~4
--------------------------------- for growing g il e B i (A
- Corn Irrigation for EtOH feedstock and for runoftf and ll:fl(l;raftl;:n 2500 - 31600 ~ 980
----- e e G s e e fuel processin : contaminated wi ""---"--;---“-"--"--"---"";---"-"--“-
- Biodiesel Processing 8 9 | fertilizer, herbicide,and | ... *=% | ~1
- Soy Irrigation for Biodiesel pesticide compounds 13800 — 60000 ~ 6500*
- Lignocellulosic Ethanol Water for processing; | Wastewater generated; _ iy
f,,d other synthesized Energy crop impacts | Water quality benefits of 24 - 150 38 (ethanol) 2-61
Biomass to Liquid (BTL) fuel§ ©N hydrologic flows | perennial energy crops 14 — 90 1§ (diesel) ~?2-618
Oil Shale Wastewater generated; ¢ §
-In situ retort Water needed to In-situ impact uncertain;| 1_9_ ____________________ &
R R Extract / Refine Surface leachate runoff 15 -40 t ~31
. Water needed to Wastewater generated;
Oil Sands Extract / Refine Leachate runoff 20 -50 r4~0
: Wastewater generated
Synthetic Fuels Water needed for from coal mining and 35 .70
- Coal to Liquid (CTL) synthesis andior CTL processing ~4.5-9.0
[T T T BE Flanteioein ] steamreforming of [T T T e e T T T Ly Yy T
- Hyd RE Electrol 8 20-241 ~31
______ Y __r_qg_e_r:l_______e_(_:_li‘?_"!?!?_ natural gas (NG) T L T L D LR
- Hydrogen (NG Reforming) 40-501 L £
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t Ranges of water use per unit energy largely based on data taken from the Energy-Water Report to Congress (DOE, 2007)
* Conservative estimates of water use intensity for irrigated feedstock production based on per-acre crop water demand and fuel yield
I Estimates based on unvalidated projections for commercial processing;

§ Assuming rain-fed biomass feedstock production




Coal Power Plants with Potential
Water Supply and Demand Concerns

* Plants Vulnerable to Supply Concerns
* Plants Vulnerable to Demand Concerns
* Plants Vulnerable to Supply and Demand Concermns
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DOE Energy Water Program Plan

. Technology RDD&D

Thermoelectric Cooling Improvements

- Waste Heat Recovery in Energy Systems The
- Process Water Use Efficiency and Quality Water—Energy o
— Alternatives to Fresh Water Use in Energy Production Using Nexus:
Advanced Materials and Processes Challenges and
— Traditional and Non-traditional Hydropower Improvements Opportunities
- Desalination Improvements Ve D01
- Net-Zero Municipal Wastewater Treatment
- Sensors
— Deployment

 Analysis and Modeling

- Integrated Analytical Platforms
- Decision Support Tools

* Policy Framework

* Stakeholder Engagement
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