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Energy and Water are

... Interdependent
Water for Enerqy and Enerqy for Water

Energy and Water
bower Q production,
production _ : processing,

require water: distribution,
 Thermoelectric | and end-use

cooling require energy:
« Hydropower * Pumping
* Energy minerals » Conveyance
extraction/mining and Transport
 Fuel Production » Treatment
(fossil fuels, H,, » Use conditioning

biofue_ls)  Surface and
* Emission control Ground water
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Water Consumption by Sector

U.S. Freshwater Consumption, 100 Bgal/day

Domestic
7.1% Commercial

1.2%

Livestock
3.3%

oelectric

> 3.3%
Industrial Mining

Irrigation 3.3% 1.2%

80.6%
[USGS, 1998]
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Growing Limitations on Fresh Surface and
Ground Water Availability

] a o Little increase In surface water
o storage capacity since 1980
o | Design e | == e Concerns over climate impacts

Historical Reservoir Capacity
for Design Withdrawals at
2-percent Chance of Deficiency

_‘_‘ 2go Design

el on surface water supplies

Reservoir Capacity for Withdrawal
(Billion Gallons per Day)

200 — 4
Status of Fresh Water Aquifers
Measured
100 Fresh Surface |
Water Withdrawals
0 | |
1900 1920 1940 1960 1980 2000

Year

(Based on USGS WSP-2250 1984 and Alley 2007)

« Many major ground water
aquifers seeing reductions in

water quality and yield

Stressed by Over-pumping

Imp d by Over -pumping
Impacted by Salt Water Intrusion
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Most State Water Managers Expect Shortages
Over The Next Decade Under Average

Conditions

. A
. shortage
N B Statewide
L B Regional
‘ [ JLocal
[ ]None

[ | No response or uncertain
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Regional Growth In
Thermoelectric Power Generation

Projected Thermoelectric Increases

e Most growth in
regions that are
already water
stressed

« Most new plants
expected to use
evaporative
cooling because
of EPA 316 A &B
requirements

+165%

+106%

(Capacity in 2025 vs 1995)

=0

+79%

Source: NETL, 2004




Water Use and Consumption for
Electric Power Generation

Water Use Intensity (gal/MWh,)

Combined-Cycle

Plant-type CPOITE Steam Condensing Other Uses
Process
Withdrawal Consumption | Consumption
o _ Open-loop 20,000-50,000 ~200-300
Fossil/ biomass steam turbine ~30
Closed-loop 300-600 300-480
Nuclear Open-loop 25,000-60,000 ~400 -
steam turbine Closed-loop 500-1,100 400-720
Natural Gas Combined- Open-loop 7,500-20,000 100 o
Cycle Closed-loop 230 180
Integrated Gasification Closed-loop 200 180 150

Carbon sequestration for
fossil energy generation

~40-60% increase in water withdrawal and consumption

Geothermal Steam Closed-loop 2000 1350 50
Concentrating Solar Closed-loop 750-900 740- 890 10
Wind and N/A 0 0

Solar Photovoltaic
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Alternative Transportation Fuel
Water Use Impacts Will be Regional

Green River Formation
40,000 sq km

Green R.
Basin
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Biomass Resources Available in the United States

Thousand
Tonnes/Year

Bl ~bove 500
I :s0- 500
8 150- 250
[ 100- 150
[ Is0-100

E Less than 50

[
L

This study astimates the technical biomass nesources curmantty available in the Urited States
fiy county. [Lincludes the kilowing feadstock categanias

- Agrcultural residues (crops and animal mariune |

- Wood residues (forest, primary mill, sscondary mill, and ustan wood),

- MURIEIDAl (H5EaM08 (Melhans emissions Form 1aNOATs and domesiic waslewalsr Iraatment),
- Dedicated energy crops (on Coniservalion Resarve Program and Abandoned Mine Lands)

SrpNREL

Seplamber 2005

Oil Shale

- Biomass




Water Demand/Impact of Transportation Fuels

Fuel Type Relationship | Relationship Water Consumption
and to Water to Water Water c_onsumed Average gal
. p per-unit-energy | water consumed
Process Quantity Quality [ gal / MMBTU ] per gal fuel
. . Produced water

Conventional Qil & Gas eﬁ?::: gzzdrch’i:;- generated from

- Oil Refining ’ extraction; 7-20 ~1.5
--------------------------------- Water produced Wastewater generated -

- NG extraction/Processing from extraction from processing: 23 ~15

Biofuels Wastewater generated

from processing;

- Grain Ethanol Processing Water needed DI PrOGERSIE 12 - 160 ~ 4

_________________________________ for Agricultural irrigation | ... -<=__“**_______ . T *%
growing ik : *

- Corn Irrigation for EtOH feedstock and for runoff an_d |nf|Itra_t|on 2500 - 31600 ~ 980
“““““““““““““““““““ fuel processing: contaminated with T T
- Biodiesel Processing 2 % | fertilizer, herbicide, and |- 4-5 =t
| - Soy Irrigation for Biodiesel | | Pesticidecompounds | 13800-60000 |  ~6300°

- Lighocellulosic Ethanol Water for processing; | Wastewater generated; _ -

Snd other synthesized Energy crop impacts | Water quality benefits of 24— 130 13 {ethanol) 2-6%

Biomass to Liquid (BTL) fuel ©°N hydrologic flows | perennial energy crops 14 — 90 1§ (diesel) ~?-H1§

Oil Shale Wastewater generated; . §

-In situ retort Water needed to In-situ impact uncertain;| 1__‘_?_ ____________________ ~gE
Py b e Extract/Refine Surface leachate runoff 15 -40 1 .31

- Water needed to Wastewater generated;
Qil Sands Extract ! Refine Leachate runoff 20 - 50 w4~ B
= Wastewater generated

PyNtctic FUcks Water needed for from coal mining and 35 .70

- Coal to Liquid (CTL) synthesis andlor CTL processing ~4.5-9.0
“““““““““““““““““ team reforming of [ T T T T T T T T ey T T T T T T ey T

- Hyd RE Electrol 8 g 20-241 ~31
______ "Y __r_qg_e_r]_______e_(_:_[?_\‘fil?_ natural gas (NG) loee o BEREL CEEER L el s B i

- Hydrogen {NG Reforming] A0-501 ~7t

t Ranges of water use per unit energy largely based on data taken from the Energy-Water Report te Congress (DOE, 2007)

* Conservative estimates of water use intensity for irrigated feedstock production based on per-acre crop water demand and fuel yield

T Estlmates based oh unvalidated projections for commercial processing; % Assuming rain-fed hiomass feedstock production




Energy Development Produced Water
Quality and Use Challenges and Options

United States Shale Gas Plays

& www.cia.doe.gov Stacked Appalachian Plays
Energy P Movernber 2008
@a) Information Shale Gas Plays 2 werceius i
Administration (3] utica — S—

Office of Qi and Gas Fesins S Devonian (OH shale) 150 300 &00

Gas Shale Development
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Qil and Natural Gas Production in the United States
(Derived from Mast, et al. 1098)

. -

Explanation
I oil Production Mixed Production
B Gas Production’ Dry Wells

Oil and Gas Produced Water




Growing Use of Non-traditional

Power Requirements For Treating
g 2 ! |
§ - \Waste Water Reuse
— — R . 10
g Desalination Z Today The Euture
= > 15 |-
8o / °
- = 7
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z 2 / c °
52 10 / = 5
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2 c / AV 3
-7
F - | il —
(3] - 0- . . .
[} Conventional Brackish Brackish Sea Water
2 | | | Treatment NF RO RO
o 0
1990 2000 2010 2020
Year

(Modified from Water Reuse 2007, EPA 2004, Mickley 2003) (Einfeld 2007)

« Desal growing at 10% per year, waste water reuse at 15% per year
» Reuse not accounted for in USGS assessments
- Non-traditional water use i y Inte |ve
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