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Energy and Water are
... Interdependent

Water for Energy and Enerqgy for Water
Energy and Water
power production,
production processing,
require water: distribution,

and end-use
| require energy:
* Pumping
» Conveyance
and Transport

« Thermoelectric
cooling
* Hydropower

extraction/mining
 Fuel Production * Treatment
(fossil fuels, H,, « Use conditioning

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

U.S. Freshwater Consumption, 100 Bgal/day

Domestic
7.1% Commercial
1.2%

Livestock
3.3%

A

Industrial Mining
Irrigation 3.3% 1.2%
80.6%

oelectric
3.3%

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

_ |  Little increase in surface water
— storage capacity since 1980
o0 | Dealan R | s o Concerns over climate impacts

275
-: 262 Design

Copaciy on surface water supplies

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

g

Status of Fresh Water Aquifers

Reservoir Capacity for Withdrawal
(Billion Gallons per Day)
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Fresh Surface
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(Based on USGS WSP-2250 1984 and Alley 2007)

e Many major ground water
aguifers seeing reductions in

water quality and yield ———

D Impacted by Salt Water Intrusion
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Growing Use of Non-traditional
Water Resources
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Power Requirements For Treating

= \faste Water Reuse
= Desalination
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(From EPA 2004, Water Reuse 2007, 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 Is energy intensive




Most State Water Managers Expect Shortages
Over The Next Decade Under Average

Conditions

shortage
Bl Statewide
B Regional
[ Local

R [__]None
No response or uncertain

Source: GAO 2003




Water challenges are nationwide

Total Freshwater Withdrawal, 1995/ Available Precip.
percent. number of counties in parentheses

B =500 (49)
B 100te500 (267)
30t0100 (363)
Sto 30 (740)
. 1to 5 (1078)
; M| Ot 1 (814 _ g

ENERGY . /11

EEw S

Projected
Population
Growth
(2000-2020)

Source: Campbell
(2000)




The U.S. will need 50% more h
electricity by 2035

6000
d ~50% more
electricity
needed in
U.S. by 2035

Projection:
y = 67.05(x) - 130,700
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Growth in Thermoelectric
Power Generation
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Projected Thermoelectric Increases
(Capacity in 2025 vs 1995)

e Most growth in

water stressed
regions +1%5“fa
« Most new plants
expected to use -
evaporative A H106% 700
cooling —
1286 . - |:.
s [I +63%

Source: NETL, 2004
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Water Demands for Future
Electric Power Development
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Source: NETL 2006

 Water demands could
almost triple from 1995
consumption for
projected mix of plants:
and cooling
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« Carbon emission
requirements will
Increase water
consumption by an
additional 1-2 Bgal/day R

( billion gallons per day)
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Water Use and Consumption for
Electric Power Generation

Water Use Intensity (gal/MWh,)
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Combined-Cycle

Plant-type ol Steam Condensing Other Uses
Process
Withdrawal Consumption | Consumption
- _ Open-loop 20,000-50,000 ~200-300
Fossil/ biomass steam turbine 15-36
Closed-loop 300-900 300-714
Nuclear Open-loop 25,000-60,000 ~400 -
steam turbine Closed-loop 800-1,100 ~720
Natural Gas Combined- Open-loop 7,500-20,000 100 10.90
Cycle Closed-loop 230 408
Integrated Gasification | - 5004 100p 360-540 200-510 130

Carbon sequestration for
fossil energy generation

~25% increase in water withdrawal and consumption

Geothermal Steam Closed-loop 2190 1640-1750 50
Concentrating Solar Closed-loop 850-1125 750-920 10-53
Wind and N/A 0 0 1

Solar Photovoltaic
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The U.S. will need 33% more
Transportation Fuels by 2030
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« Fuel use will 30
Increase despite 1
. N S 25 - O Imports
gains in efficiency < m
U e
+ Currentinitiatives £ ;& 20 - i || |2 oil shale
for domestic £ T
: . . 8 &£ 15- -
alternatives like oil = & i - I B Biofuels
shale and biofuels 7 s 0~ HHHH 1
_ = W B Traditional
. Major_hydrogen E 5. Supplies
use will be post
2030 0




Emerging Water Demands for

Alternative Fuels Development .

* |rrigation of
even small
percentage of
biofuel acreage
will increase
water

consumption | : .-IF\-’reail“idr:inognal
by an additional =3 (5
5 Bgal/day

0 -+

1995 2005 2015 2025 2035

N
ol

O Oil Shale

N

B Biofuels

.
ol

=

Water Consumption
(billion gallons per day)

ENERGY <




Water Demand/Impact of Transportation Fuels

Fuel Type Relationship | Relationship Water Consumption
and to Water to Water Average gal water consumed
Process Quantity Quality per gal fuel
. . Produced water
Conventional Oil & Gas Water needed'to. e e
Oil Refini extract and refine; extraction: 1-25
| -ohRewning Water produced W ’ B =
- NG extraction/Processing from extraction astewater generate 0.2
from processing; :
Biofuels Wastewater generated
from processing;
g g Water needed -
| - Creln Sterel Froseseiny for growing Agricultural irrigation f---------oooooooe S —
- Corn Irrigation for EtOH feedstock and for runoff and infiltration | ~980*
""" fuel processing: contaminated with N
| - Biodiesel Processing P % | fertilizer, herbicide, and |--—--— . T2 .
| - Soy Irrigation for Biodiesel | | Ppesticidecompounds | _  ~6500%
- Lignocellulosic Ethanol Water for processing; | Wastewater generated, ~D._618
and other synthesized Energy crop impacts | Water quality benefits of
Biomass to Liquid (BTL) fueld ©N hydrologic flows | perennial energy crops ~2-618
Oil Shale Wastewater generated; 12-23
- In situ retort Water needed to In-situ impact uncertain;| T4 < S
[ Exsituretort T Extract / Refine Surface leachate runoff 21-5.2
. Water needed to Wastewater generated;
Oil Sands Extract / Refine Leachate runoff 2-6.9
Synthetic Fuels Wastewater generated
Water needed for from coal mining and
- Coal to Liquid (CTL) synthesis and/or CTL processing 0.9-27
T o Flantemtoaie | steam reforming of [T B I e
|_-Hydrogen RE Electrolysis | = " ralgas NG) |l
- Hydrogen (NG Reforming) 6.4
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
* Es_t'matgs based on unvalidated projections for commercial processing; § Assuming rain-fed bioTass feedstock production
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Projected Ethanol Production by Feedstock
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(Ref: NRC, 2007)
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Ethanol Production Growth and Feedstock
Irrigation Issues

o rri g ated corn requ ires 2007 Existing and Planned Ethanol Faciltes
2000-4000 gal/bushel e Wit Gl e Dy

* 005-010

Glacial Aquifers ® 010-050

« Move to cellulosic ethanol h 5 ® 050-10

>1.0

will move production
south and east

« Amount of irrigation
needed for fuel reliability
of dedicated energy crops
IS uncertain

* Concerns over ethanol

production plant impacts I 0- 250
A I 250 - 500
on groundwater quality L P e e e Y
and avallablllty B 1000 1250 Irrlgatlrjrrijubllc Supply/iIndustrial
B 1250- 1500 Million Gallons Per Day
I 1500

Ref: Schnoor, ACS, 2008
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Biomass and Water Use
Impacts Will be Regional

Biomass Resources Available in the United States

Thousand
Tonnes/Year

e B ~bove s00 =
N wdll I 20-500

. {Ef _,:}"/' \ I 150- 250
___‘{f o ) v This study astimates the chmical biomass mesoumes curmently svailable in the Ursted States
B i ’ s 100 - 150 by courty. [includes the kllawing feedstock categonas
1‘:,1]—‘ ‘% = - Agncultural residuss {crops and animal manure |,
G e 50-100 -Wood residues [forest, primary mill, secondary mill, and usban wood); Q‘O =
!_ -ji Less than 50 - Municipal diseards (melhane amissions rom landhils and domashc waslewalar Ireatmeant ), ‘I' .'.I?:-
— - Dedicated anergy crops {on Consenvation Resenve Program and Abandoned Mine Lands)

September 2005



Oil Shale development will be regional and
impact water availability and quality

* Reserves are in areas of Green River Formation

limited water resources 40,000 5 km
Green R.

« Water needed for Figsin
retorting, steam flushing, P Wyoming
and cooling up to 2-5 il &
gallons per gallon of fuel utah_veu]” & Colobdo

« Concerns over In situ . %
migration of retort by- LA
products and impact on Uinta s

ground water quality
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QUESTIONS
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