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Water and energy are inextricably linked : the
“Yin and Yang” of a sustainable future
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Overview: Water and Energy

The water quantity dimension
The water quality dimension

Sustainable water-energy practices:
barriers to success
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Energy use and GDP per capita
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Energy Consumption in the U.S. 2007

Units are Quadrillion British Thermal Units (BTUs), known as Quads ALCOL
Source: NRC, 2009 N"lRNl



U.S. Energy Consumption — Past,
Present, Future

Historical Projected
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Biomass
3%
Hydro 2%Y ¥ VOther Renewables 1%

Nuclear b
8%

all U.S. Energy
Consumption

Fossil Fuels
86%

Total U.S. Consumption 101.6 Quads

Petroleum Natural Gas Coal Nuclear Hydropower Biomass Other
Power Renewables

— 2007

Quadrillion Btu (Quads)

Energy Source

FIGURE 1.2 Energy consumption in the United States in 2007 by fuel source, in quads
(bars) and as percentages (pie chart).
Source: Energy Information Administration, 2008b.
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Some Fundamentals: The Units of Energy

The Mechanical Equivalent of Heat

1 calorie =4.186 joules
1 BTU = 252 calories

1 British Thermal Unit (BTU) = 0.000293 kWh
1 kWh = 3413 BTUs

1 MWh = 3.4E06 BTUs

1 Terrawatt hours (TWh) = 1E12 Watts

1 Quadrillion (Quad) BTUs = 1E15 BTUs

Therefore
1 Quad = 295 TWh
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U.S. Water Consumption — 2005

= Total withdrawals were 410,000 million gallons per
day

= Freshwater withdrawals were 85 percent of the total
= Surface water supplied 80 percent of all withdrawals | s

= Thermoelectric-power withdrawals were 201,000 Irrigation (31)
million gallons per day Livestock (Less than 1)

Public supply (11)

Aquaculture (2)

Industrial (4 )

Mining (1)

EXPLANATION

Total water withdrawals,

in million gallons per day
- Thermoelectric power (49)

[ 140 to 2,000
1 2,000 to 5,000
[ 5,000 to 10,000
[ 10,000 to 20,000
I 20,000 to 46,000

i
IRNIE |

2005 withdrawals by category, in percent.




Water Use of Energy

The energy sector uses Water Withdrawal versus Consumption in the United States
about 8% of freshwater
withdrawn worldwide (310

Water Withdrawal Water Consumption

11 - . Industrial
billion cubic meters in and Mining
Thermo- Irrigation Domestic and (4%)
2 OO 1) sleciric - Commercial Themmoelectric
Power Livestock (8%) Power

(39%) (41%) (3%)

In developed countries,
water use for the energy
sector can reach over 40% industrial irigation and Livestock

and Mining Dé’:::::;:::;’ (85%)
00y
of total freshwater o 12%)
Wlthd rawals . 01,2 illion cubrc meters per day 378 million cubic meters per day
(34 on gallons per day) (1 lion gallons per day)

Actual water consumption
by energy sector is much
lower

Source: United States Geological Survey, Cambridge Energy Research Associates.
81017-2
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Biodiesel Refining
Soy 1rrfgati0n_
Ethanol Processing
Com Irrigation
Hydrogen Electralysis_
Hydrogen Hefurming_
Uranium Processing
Uranium Mining_
Oil Storage in Salt Cavem™*
QOil Sands
Oil Shale In-Situ* |
Oil Shale Surface Retort |
Refining
Enhanced Oil Hecmrery_
Petroleumn Extractiun_
Gas Storage in Salt Cavem™
Natural Gas Pipeline Operations
Natural Gas Extraction & F’m{:essing_
Coal Gasification
Coal Slurry_
Coal Liquefan:tinn_
Coal Washing
Coal Mining

Water Use
Intensity of
Various
Energy
Processes

0.001

Water Consumption for Electric Power fram Evaporatively-Cooled Combined Cycle Gas Turbine
“*COine-Time Use for Solution Mining of Salt Cavern

Source: Woodhouse 2007

0.01

0.1

gallons/kilowatt-hour

1000
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Other ways of looking at water use

Intensity

Gas and Liquid Fuels Value Chain — Water Consumption

RAW MATERIALS

Electricity Industry Value Chain — Water Consumption

TRANSFORMATION

DELIVERY TO CUSTOMER

Thermoelectric
Generation with
Closed-loop
Cooling

T20-2,700 litres per Nh

1590=T20 galors par MY

Evaporative Loss:
Averages: 17,000 litres per
MW (4,500 gallons per WA

5,300 Btres per MWh
(1,400 galiors per MYWh)

Concentrating Solar:
2, 8003, 500 litres par A
TS0=52) galon s por bfsih|

Source: Adapted from US Department of Energy, Energy Demand on Water Resources.
Report to Congress on the Interdependence of Energy and Water, December 2006 (except where noted).

*CERA estimate.

Note: MMBtu = million British thermal units; GJ = gigajoules.

81017-4

Source: World Economic Forum, 2009

TRANSFORMATION DELIVERY TO CUSTOMER RAW MATERIALS
Oil Themoelectric Fuels
Traditional Oil: Coal: 20-270 litres per
3-7 litres per GJ MWW {570 gallons par W)
(0.8-2.0 gallons per MMBtu) o
a . = il: .
Enhanced Oil Recovery: 25C_)é|5|RteflnlngGJ Wide variance,
50-9,000 litres per GJ Sl Natural [ 522 01
(14=2,500 gallons per MMBtu) Gas: valud chdin
Delivery of e
Oil Sands:* ry
70-1,800 litres per GJ MNatural Gas Uraniurm [puclear):
(20-500 gallons per MMBtu) 1T70-5T0 litres par MWh
and Liquid [(45=150 galicens. par MV
Biofuels
Corn: 9,000-100,000 Ethanol: 47-50 litres per GJ Fuels to .
. Hydroelectric
litres per GJ (13-14 gallons per MMBtu)
(2,500-28,000 gallons per MMBu) Customer
Soy: 50,000-270,000 litres Biodiesel: 14 litres per GJ Involves
per GJ (14,000-75,000 gallons (4 gallons per MMBtu) Geothermal
FILLLED) Minimal
Sugar: N/A
Water
Coal Coaltodiquids:
5-70 litres per GJ 140-220 litres per GJ Consumption
1.5-20 gallo MMEt (40-60 gallons per MMBtu)
SR S — Solar
Gas
Traditional Gas: Minimal Natural Gas Processing:
Shale Gas: 36-54 litres 7 litres per GJ
per GJ (10-15 gallons (2 gallons per MMB1tu) )
per MMBtu*) Wind

Photovoltaic:
Mirmirmal

Wind:
Mimamal

Delivery to
Customer
Through Electric
Grid Involves
Minimal
Water

Consumption

Source: Adapled from US Depariment of Energy. Enengy Demand on \Water Resources.
Report to Congress on the Interdependence of Energy and Water, December 2006,

Mobi: MWh = megawatl-hours

B101T5
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Water Use by Plant/Fuel Type

M Hiodel

O Fuel processing
BT injecton

O knd=t air cooling
O Ash handing

0O Scrubbing

M Bodler make-up
O Ciooling

Water use, gal/MWh

Muclear Coal il Gas Simple Comb. IGCC Solar SolarPY  Wind  Biofuel
CT Cycle thermal

N\)ALCOL

Source: Goldstein, 2009 IRNI



Alternative vehicles: They use less petroleum,
but producing their fuel guzzles more water.

Gallons of Water Depleted to Travel 100 Miles

NOTES: For ethanol made from irrigated com. Hydrogen for fuel cells is made by efectrolysis
of water with electricity from standard grid. Water for hybrids cools local power plants
Gasoline vehicle and processes their energy source. Water is used to extract and refine oil for gasoline.

ALCOL
Source: Webber, 2008 IRNI



Domestic Water Industry Value Chain — Energy Consumption

RAW MATERIALS

Surface Water'’
varies with distance
and elevation change

0-2,400 kWh per

million litres (0-8,200 kWh
per million gallons;
southern Califomia supply)

TRANSFORMATION

DELIVERY TO CUSTOMER

Groundwater?
varnes with depth

37.5 meters (120 fest) —
140 kWh per million litres
(540 kWh per million gallons)
122 meters (400 feet) —

530 kWh per million litres
(2,000 KWh per million gallons)

Municipal
Wastewater

Treatment to Drinking

Water Standards -
varies based on
water quality

High Quality
Groundwater?

26 kWh per million litres
(100 KWh per million gallons)

Brakish Groundwater
Desalination’
300-1,400 kWh per

million litres (1,200-5,200 kWh
per million gallons)

Seawater
Desalination’
3,600—4,500 kWh per million

litres (13,500-17,000 kWh per
million gallons )

Varies Depending
on Distance
and Elevation?®

Average 290 kWh per

million litres
(~1,100 kWh per million gallons)

Wastewater

Treatment
Averages 660 kWh per million
litres (2,500 kWh per million gallons)

N/A

Source: Cambridge Energy Research Associates.
1. Energy Down the Drain: The Hidden Costs of Califomia’s Water Supply. Natural Resourse Defense Council

and Pacific Institute, August 2004.

2. Energy Demand on Water Resources: Report to Congress on the Interdependence of Energy and Water.
US Department of Energy, December 2006.
3. Electric Power Research Institute: Water and Sustainability (Violume 4): US Electricity Consumption for
Water Supply and Treatment — The Next Half Century, 2000.

Note: KWh= kilowatt-hour.
81017-3

Source: World Economic Forum, 2009

Energy Use
In the
Walter

Industry

In Southern
California,
surface water
delivery uses up
to 9,200 kWh per
million gallons

N\);\LCOL
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Electricity Use by Water Sector: california case
Study

Non-Water

Related
80.8% Water Relat

(~ 200 TWh)  19.2%
(=50 TWh)

Water Related Elect.
Use Distribution

CA Electricity Use
(250 TWh)
CEC: W-E Report 2005 (using data for 2001)
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California State Water Project
Pumping Energy

All figures: KWh/AF

Top figure = cumulative energy

Lower Figure = facility energy Dewvil Canyon
Mojave Siphon Yarable

Pearblossom 4349 3,236
4,444 -95 -1,113

703 :.; : D

Dos Amigos  BuenaVista  Wheeler Ridge  Wind Gap  A.D. Edmonston Alamo
434 E76 am 1,610 3,846 3,741
138 242 285 639 2,236 -105

>_‘ > o—{ )

Las Perillas
511
7

I_N
San Luis Variable —
Pumping (169-523) [ Badger Hill W.E. Wame
Generating (105-287) T 3,553
Dl Valle 200 -573

1,165 : N —]

T2
Denil's Den Bluestone Polonio
1416 2121 2,826
705 T05 705

Source: Dr. Robert Wilkinson, PhD, University of California, Santa Barbara, based on DWR data.
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IRNI

Source: CEC, 2005



Energy Intensity of Water Supply
Options in Southern California

Ocean Desalter | 13,503

East Branch State Water Project | 9,820

West Branch State Water Project | 7,672

Colorado River Aqueduct | | 6,138

Chino Desalter | | 5,217
lon Exchange [ ] 3,222
Groundwater Pumping [____]2,915

Recycling [ 1,228

Source of Water

OkWh/MG

Source: Dr. Robert Wilkinson, Environmental Studies Program, University of California, Santa Barbara, and Martha Dawis,
IEUA.

I\/Y)ALCOL

Source: CEC, 2005 IRNI



Water Quality Impacts of Energy

Energy Element Water Quality Impact

Any type of thermo-electric Thermal and air emissions impact surface
plant waters and ecology

Hydroelectric plants Impacts water temperatures, quality,
ecology

Biofuels and ethanol Fertilizer runoff impacts water quality
Refinery wastewater treatment required

Solar PV and wind None during operation, minimal water use
for panel and blade washing

Synfuels and hydrogen Wastewater treatment required

Coal Slurry Pipelines Final water is poor quality, requires
treatment

Source: USDOE 2006 ALCOL
M’IRNI



Water Quality Impacts of Energy:

Oil and gas as energy sources

= Onshore oil and gas exploration can impair
shallow groundwater quality

= Offshore drilling can lead to disastrous oll spills
(such as the recent spill in the Gulf of Mexico)

= Other ways that use of oil and gas can lead to
surface and/or groundwater 2
contamination:
= Traditional oil and gas refining
= Barge or truck transport can lead to .8 .
spills or accidents L b
= QOil and gas storage caverns Oil exploration explosion
= Energy pipeline wastewater In Gulf of Mexico

D

Source: USDOE, 2006




Water Quality Impacts of Energy:

BP Gulf of Mexico Spill

-
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10 percent of their total area disturbed by
surface mining

Source: Palmer et al., 2010

Water Quality Impacts of Energy:
Mountaintop Removal with Valley Fills (MTR/VF)

Mountaintops cleared, debris and excess rock is pushed
Into valleys and buries streams

Water quality data from West Virginia streams indicate
severe, negative impacts to the environment
= Streams show increases in metals, pH, electrical

conductivity, and total dissolved solids (sulfate, calcium,
: : . Water downstream
magnesium, bicarbonate ions) from a mountaintop

= Groundwater also shows increases in mine-derived removal coal mine
chemicals il =

High potential for human health impacts
Huge ecological losses
Some watersheds in WV have more than



Water Quality Impacts of Energy:

Coal mining and Coal-fired Power Plants

“Public,utility dike bursts, floods 8 §
to 10 homes”" '
. TVA coal slurry spill in 2008 =~ =

Coal flred power .plant
_W|th |mpoundmgnt



http://www.southernstudies.org/images/sitepieces/brushy_fork_impoundment.jpg

Energy Independence and Security Act 2007 (EISA)
15 Bg/yr biofuels production by 2015 and 36 Bg/yr by 2022 -
Ethanol Facilities and Major Aquifers (Ward. 2007)

2007 Existing and Planned Ethanol Facilities
Estimalted Total Water use
Hgh Plains Aquifers Million Gallons Per Day
« 0-005
* O05-010

. oo
B 50500

a0 - TR Principal Bedrock Aquifers

_ 2000 Water Use
TR 1000 rrigationdPublic Supplyindustrial
1000 - 1280

B 20 - 150 Milliom Gallons Per Day

i - 500

N\)ALCOL
Source: Ward, 2007 as cited in Schnoor, 2009 IRNI



Nutrient yield delivered to Gulf of
Mexico

Total Nitrogen Total Phosphorus

4 "-\.\. v % A ' - -\.\
Yield (kg km™= yr'1) L ’ Yield (kg km™ yr'1) '~
Bl -1 {/ o B <01 ™
Bl 1to10 o Bl 0.1to01
10 to 100 1t 10
100 to 500 10 to 50
Hl 500 to 1000 Bl 50t 100
B - 1000 B =100

Source: Alexander et al., ES&T, 2008

NY)ALCOL
Source: Alexander et al., ES&T, 2008 as cited in Schnoor, 2009 IRNI



Finding 8: Barriers to Accelerated

Deployment

A number of barriers could delay or even
prevent the accelerated deployment of the
energy-supply and end-use technologies
described in this report.

Policy and regulatory actions, as well as other
Iincentives, will be required to overcome these

barrirers.

Source: National Academies,
July 2009

D N
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Barriers to Accelerated Deployment
(National Academies Report — 2009)

Lack of private-sector investments for technology
deployment

The low turnover rate of the energy system’s capital-
Intensive infrastructure,

Resource and supply barriers to technology
deployment

Uncertainties arising from the nature and timing of
public policies and regulations related to carbon
controls

Coupling the commercial deployment of energy-
supply technologies with key supporting
technologies

The lack of energy efficiency standards for many products

25— 0



Access to and Cost of Water —
A Market Driver

= Access to water increasingly seen as a risk in siting
new power plants, especially in water-stressed

areas Water Stress in
= As water becomes more - Continental U.S.

scare and demand for
energy increases, there
will need to be a shift
towards fuels and
processes that consume B, .
less and/or pollute less e

' Population

.?1 w:: : Y Growth
water

ALCOIL_:M
Source: World Economic Forum, 2009.; Map: USDOE 2006. IRNI I



Summary of Major National Needs and Issues
Identified in the Regional Workshops on the
Water/Energy Nexus - 2005

1. Need for Integrated regional energy and water resource planning
and decision support

.Oil and gas produced water treatment for use

Water needs for emerging/renewable energy resources
Improved biofuels/biomass water use efficiency

Improved water efficiency in thermoelectric power generation
Energy efficiency for impaired water treatment and use
Improved water supply and demand characterization/monitoring
Infrastructure changes for improved energy/water efficiency

QN o O B W N

Sandia National Labs, M. Hightower,
2006, “Energy-Water Science and
Technology Research Roadmap”
www.sandia.gov/energy-water

25— 0



http://www.sandia.gov/energy-water

Final Thoughts: Water — Energy Nexus

Water — energy conflicts are increasing — clear
need for innovative resource management
strategies

Water supply demands will increase energy
requirements for water value chain — increased
costs to consumers.

Water quality impacts of activities within energy
value chain not fully appreciated at national scale
— a factor to consider in integrated resource
management

Strategies to reduce GHGs and meet
sustainabllity goals on climate will generally
reduce water intensity of energy production

25— 0
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