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Energy and Water are linked:
Energy for water and water for energy

En ergy Water

requilres water and
distribution

e Thermoelectric ~ .

cooling ‘2 require

» Hydropower energy

» Extraction and mining

* Fuel Production « Pumping

* Emission controls e Treatment

* Transport
(End use)

What are the different sources of water in the US and how much is there of

each? How much water do different end use sectors use, and of what kinds? How
and how much water is used to produce different kinds of energy? How much
energy is used to move water, and for what purposes? How do droughts and
extreme weather events affect these patterns?

How do we expect climate change to affect these patterns? How much real data
exist and where are there holes or obsolescence in the data?
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A Se e m i n g Iy Si m p I e q u e St i o n Surface Water Availability (Acre-Feet per Year)
How much water is there, of what type?

New: a concerted effort to gather consistent data regarding
availability and costs for multiple water sources il

Potable Groundwater Availability (Acre-Feet per Year) ey
() 18404936 - 65738056
Jeereees  azeresn
. e 4125
- - s
Unappropriated surface water Total unappropriated surface water
Appropriated surface water Appropriated surface water
Potable groundwater Potable groundwater use - calculated using state-specific pumping
data
Brackish groundwater Brackish groundwater in MGD; calculated using combination of
state inventories, USGS reported use and presence of brackish wells 3
Legend
Wastewater Net wastewater effluent available; plants discharging to reuse or e
- di i ; H > 1 i 1" . ; . -U-IB‘FZ:A .
those discharging to a perennial stream (in western states only) are Brackish Groundwater Availability (Acre-Feet per Year) )
excluded. B s - e
R 195H2635 - 29079672
Appropriated surface water cost Cost per AF - based on UCSB Water Strategist data at state level
Potable groundwater cost Cost per AF - well field and pumping costs only
Brackish groundwater cost Cost per AF - includes extraction, treatment, disposal and associated

capital costs

Wastewater treatment cost Cost per AF - includes transportation, treatment, and lease/purchase
of water from utility

Logend
Acre-Fast par Year
Brackish Groundwater
-0

[ 14450 - £1036
61097 - 163702

I 1697 19
325295 954840

Western US will be available at
the Western States Water
= Council’s WaDE site

AcreFaet per Yaar

Wastewater

-
T 43675 - 0704
LT 1 [0 37605 - 848045

I 8485E - 215712
2157403 - 2503

Source: Tidwell et al (forthcoming)
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U.S. water withdrawals by category: 2005

Surface water 328,000 Mgal/d (80%), 82% freshwater
Groundwater: 82,600 Mgal/d (20%), 96% freshwater
Total: 410,000 Mgal/d

Livestock

-
-
. “ -

Less than 1 percent 1 percent 11 percent 49 percent

1 percent 2 percent 4 percent 31 percent

Mining Aquaculture Self-Supplied Industrial Irrigation

Source: Kenny et al., Estimated Use of Water in the United States in 2005: U.S. Geological Survey Circular 1344, 2009
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US water withdrawals by category and State: 2005
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" EXPLANATION . Western States, especially those with only

Water-use category \\

i Public supply \ minor thermoelectric-power withdrawals.
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Irrigation v
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25,000 - Eastern States.
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2005 withdrawals by category, in million gallons per day. States are arranged geographically.

Source: Kenny et al., Estimated Use of Water in the United States in 2005: U.S. Geological Survey Circular 1344, 2009
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Water challenges are nationwide

; R

30% =

r

% | Projected
Population
Growth

3 (2000-2020)

;ﬂ; % Source: NETL (2002)

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

‘1:“
M =50 (49 e
B 100500 (267) —
[l 3010100 (3863}
| Ao 30 (740) _ -
B 110 5 (1079) Source: USGS Circular 1200 (Year 1995), EPRI 2003
B o 1 614
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Multiple examples of current or emerging

impacts at the energy-water nexus

Water Dependencies: Risk
Taking, Impacts, and Risk

Wind sweeps the Northwest.

Wiith aver 4,000 4w of wind farms between.
them, Washington State and Oregon have
the fifth- and sixth-highest levels of wind

An lowa harvest without water.

‘With almost 3,700 Mw of wind
pawer capacity in 2010, lowa ranks
mndmlymen

Too hot for nudear power.

Water woes beleaguer troubled plant.

» mwm Boston takes the heat,
Mhh\ﬁm?ﬂhmﬁngﬁuh

Reduction across Regions

power capacity in the United States.™ Wind
farms use no water in penerating electricity.

During a 2006 heat wave, while elec- Versan, VT, a1
SRS G S e fos chomure grom:"” Collapaed cocling cowers,

heated with an expired
ool pamtion o vgacdy e

high water temg
force four nuclear plants in the Mid-
west to reduce their cutput when

it is needed mose. At the two-unit
Prairic Island, MN, nuclear plant,
is too hot to be used for cooling,
forcing the plant to reduce sutput by
mare than 50 percent. 47

Unruly rivers defy management. Thirsty plant taps crop water.

Low snowpack in the Columbia and
Snake River Basins in the wineer of

2009-2010 is followed \luwdz
of |

Dhuring an extended drought in 2007 and 2008,
rh: 1,650mw coal-fired Laramie E.iuu—Smim
in Wheatland, WY, risks running out of
mnndnmmdulﬁé:l’hnﬁqmﬁrmdd:
Dinn:tlnmz:nnmh—

Lake Mead water drops, power follows.

Lower water levels in Lake Mead caused by
declining input from the Colorado River
reduce Hoover Dam's 2010 catpus to 80 per-
cent of full producticn. ™*

Solar goes dry.
zm?”&w“&mdm&yedlq
s Tvanpah
mmmmhm
desert development requires svoldance or careful
ofall ec will

e 0 ervea Lo e por e o docde-
ummwarm"

Mohave plant goes dark.

Even the wind Is bg in Texas.

‘The largest LS. wind facility, the 7E0Mw
Roscoe Wind Farm in Rescoe, TX, goes
on-line in 2000.% By 2010 the state has more.
than 10,000mw of installed wind capacity,

the rerirement of mare than 900 MW of coal plants (such.
a1 Denver’s Cherokee plant), converting them to naru-
ar
energy. The Governor's Energy Office touts the
w-hﬁ-dhmpm e ok il el

® Risk Taking and Impacts O Risk Reduction

Source: Power and Water At Risk: The Energy-Water Collision, UCS, 2012
See also Averyt et al., 2011, Freshwater Use by U.S. Power Plants, Electricity’s Thirst for a Precious Resource
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Yaces,” which withdrew more water per
River than that wied

In 2006, Harrington Station, 2 1,080uw
coal plant, turns to treated wastewster
from Amarillo, TX, to meet ies cooling
needs, saving valuahle freshwater. %7

@ \Water-Smart Energy




A new DOE effort focuses on the implications of climate
change projections on specific elements of the energy system

Most impacts reside at the energy-water nexus

Energy Sector Impacts
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Water for Energy

Water needed to produce household electricity
exceeds direct household water use

e
S “\Q &
\\ )
600- \:/°°° - S GALLONS PER PERSON PER DAY
r’/ o/oco“
5004 A “
= e 510 for food production
g 400 — includes irrigation and livestock
@)
n
é'i 300+ e 465 to produce household electricity
é 200 — Range: 30 to 600 depending on technology
©
© 100/ e 100 direct household use
0 — includes bathing, laundry, lawn watering, etc.
For food For For direct
(indirect) electricity use
(indirect)

Source: derived from Gleick, P. (2002), World's Water 2002-2003.
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Substantial amounts of water are used in

fuel extraction/processing

Future energy development will put new demands on water resources

Water Used for Fuel Extraction and Processing

Biodiesel Refining O
Soy Imigation

Biofels

Ethanal Frocessing I
Corn lmigation |
d fydrogen Electrolysis 1 =
Hy rogen {-ﬁydrngen Reforming |
Uranium Processing : [
Uranium Mining |

Many new technolGgigs" s e=""

are more water O SHale In-Situ” (I
. . . . Ol
mtenswe, Increasing Refning | i —

demands OoNn water Enhanced g Recovery |
Fatrolzuny Extraction [IR
resources: .

Gas Storage in 531t Cavern™

- Blofu e IS Matural Gas Pipeline|Operations I

Matural Gas Extraction & Processing |
= Hyd roge n Copal Basification
Coal Slurry |

Coal Liquefaction

Coal Washing
Coal Mining

Ol Sands EEEEE

Shele Suface Retort | |

Petroleum
Refining
Consumes
1-2 Billen
Gallons

per Day

10
Source: DOE Report to Congress (2007)
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Substantial amounts of water are used in
fuel extraction/processing

Detailed estimates of hydraulic fracturing for specific plays reveal a wide

range of water intensities

D0 D s s e et e A 0

= Note: most frack (186)

= Box Plot Distribution Key s i . . e B

8 g0 —— ~ fluids in Pennsylvania |

e {1 75" percentile now being recycled

S - median o
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Barnett Eagle Ford Haynesville Fayetteville Marcellus Niobara Unspecified or

(8) (5) (7) 3) (6) 2) Other (17)
Source: Meldrum, J., Nettles-Anderson, S., Heath, G., and J. Macknick. Life Cycle Water Use for Electricity Generation: A
Review and Harmonization of Literature Estimates.” (2013)
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Operational water use varies by both
generation and cooling technology

Withdrawals once-through cooling pond recirculating dry-cooled Consumption
[ 11T 1T 1T 1
(gallons/ ; (gallons/
wh B @l HN e B e D b O b MW g

1,200

60,000
50,000 I | I 000 & Coal
40,000 [ I = ] I B 800 % Biopower
30,000 I [ I i ! - ' — 600 ﬁ Natural gas
20,000 B N . B - o ’;:E Solar

$

200

I
10,000
. —. = Wind
0 — | | —_— = — —_ ——— —— 0
Ty Ty
& F ¢ & g & F & 5 S EF F el
g v o ¥ OF O §F D5 & 28 F o8 S
& g & S 9 g £ I & Fy & I3 [ di m
& £& ¥ 8§ 5S5& & 58 & F£s H " m
eéa_s‘? G ‘;“,:é?'" G e§ & T
8 & &8 g
&

Operational withdrawal and consumption factors for
electricity generating technologies

(UCS presentation of data from Macknick et al., 2011)
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High uncertainties and site-specific variability for water usage
rates at Geothermal and Hydropower facilities
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200

100

Gallons/MWh Water Consumption

Hybrid Cooling Dry Cooling Dry Cooling

Dry Cooling ‘

EGS

Binary Binary Flash

Site preparation water use (drilling, cementing,
pipeline and plant construction) varies depending

on.
* Geothermal resource
* Geothermal technology
* Number of wells (~1 well for every 2 MW)
* Depth of wells

Operational water use varies depending on:
* Geothermal resource
e Geothermal technology
* Cooling system
* Water source (geothermal fluids/external water
source)

=

Substantial amounts of water can evaporate from
reservoirs that support hydropower production

Factors influencing reservoir evaporation include:
e Reservoir depth, shape, surface area
* Temperature
e Size of inlet body of water
e Climatic conditions

Many reservoirs that generate hydropower have
multiple uses (e.g., water supply, flood control,
recreation), making allocating water consumption
to hydropower activities challenging.

60000

on
g
=2

8
8

g
g

g
8

Gallons/MWh Water Consumpti

8
8

o
'

CA median US average

US average
Gleick, 1993

Gleick, 1992 Torcellini, 2003

Sources: Gleick, P. "Environmental Consequences of Hydroelectric Development: The Role of Facility

Sources: Meldrum , J., Nettles-Anderson, S., Heath, G., and J. Macknick. Life Cycle Water Use for Electricify Size and Type." Energy; Vol. 17 (8), 1992; pp. 735-747. Gleick, P. Water in Crisis: A Guide to the World's

Generation: A Review and Harmonization of Literature Estimates.” (2013) Clark, C., C. Harto, J. Sullivan, and
M. Wang. Water use in the development and operation of geothermal power plants. Argonne National

Laboratory Report (ANL/EVS/R-10/5) (2011)

Fresh Water Resources. New York: Oxford University Press, 1993. Torcellini, P., N. Long, and R. Judkoff,
2003: Consumptive Water Use for U.S. Power Production. NREL Technical Report-TP-550-33905




Wind:- I Power Plant

On-shore and | B Fuel Cycle
Off-shore [l Operations

-

Other C-SI | Fuel Cycle or Power Plant
PV Sub-categories (top)
(]l = base case; | = variant)

Flat Panel X A
Concentrated PV 1 Operations Sub-categories
(bottom)
(T = base case; | = variant)

Geothermal

'l
|'=iash Binary, Binary, Hybrid
_ Dry Cooling Cooling

EGS, Dry Cooling

R Power T avrer |

Dry Cooling  Hybrid Cooling Cooling Tower

S P Trro UG | 0,

Dry Clooling Hybrid ICcoling Goollné Tower

~| Centrifugal Enrichment
Diffusion Enrichment

Nuclear

L T 1
Open Loop Cocling Pond Cooling Cooling
Tower

Conventional Gas
Shale Gas

Natural Gas: CT o .
No Gooting Water consumption across life cycle

“|conventional Gas

o stages for representative facilities

]
ll)ry Operl| Loop Cooilng
Cooling Cooling Tower
Pond Cooling

Natural Gas: CC

| surface Mining
Underground Mining

Coal: IGCC
Cooling Tower Source: Meldrum , J., Nettles-Anderson, S., Heath, G., and J.
Macknick. Life Cycle Water Use for Electricity Generation: A Review

T|surtace Mining
Yrdergiouris Mirilng and Harmonization of Literature Estimates.” (2013)
Coal: PC

]
Open Loo'p Cooling Coollné Tower Pond Cboling

) 200 @ 400 600 800 1000 1200
Life cycle water consumption (gal / MWh)
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Some advanced technologies are even more water-intensi

ve

Operational water consumption factors for electricity generating technologies
1,400 oo
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Source: Macknick et a¥*2011 - CSPand PV Biopower - Nuclear - Natural Gas Coal
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Water intensity of transportation fuels is likely to increase

TOTAL LIFE CYCLE WATER USE FOR 2022 E85

15 4

10 =

Water Lisa (L por km braveked)

Water Footprint for Corn

Run 1005 Switchgrass Ke off Bluew
o

L DA I SebENgiice  wdEE Sirore TorEl fickdd o

I Forsdsiock pocuchion and hanashng
I Fopricessing

I Fivindalond ¥ os S el

| Wty

N Caoritaston

I Vel opist bl

Source: Heath et al., Life Cycle Assessment of the Energy
Independence and Security Act of 2007: Ethanol - Global
Warming Potential and Environmental Emissions, 2009

Abeut Tablgwy mags: veewy obloseivoftwiars.comimsecdata
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2009; Singh and Kumar, 2011, Inman et al., (forthcoming);
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Energy for Water

The water/wastewater industry is a significant user of electricity

Percent of

U.S.

Electricity
Generation

Used by
Industry

Source: DOE, 2004

O Fr N W b~ 01 O N

Water/Waste  Paper&Pulp Chemical Petroleum

| Water | Refining

Likely to increase in future
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The energy intensity of each stage of the public water supply
life-cycle varies according to regional topography, climate, and
policy framework

Eo o s me e e m e e m a e m e e T e e B e R e E i
! |
Water E .| Supply and Water Water i
Source : "1 conveyance "1 Treatment Distribution :
i : Residential,
i
: Recycled Water | Recycled Water - N c;gr::;‘:?l'
i Treatment Distribution i - L
i : Or Public
- !t_ H End-use
Water PR Discha Wastewater | Wastewster | |
Source [ | ! ' Treatment Collection | |
! :
40,000
’ CA, NY, MA, Wi, IA
35,000
2
30,000
2 , - /\ Energy for distribution dependent on
) Inter -basin pump, distance, elevation gain, etc.
c 25,000 Transfer
o CA State Seawater
= ( Desalination
£ 20,000 Water
@
a 15,000 Groundwater
= Dependent on Recharge
E 10,000 facility slze and v =
Standard Water type of treatment Cnity fudd
fed i Treatment t0 D
Water Supply Water Water Wastewater Wastewater  Recycled Water
and Treatment Distribution Collection and Discharge Distribution
Conveyance Treatment

Source: Sanders and Webber, 2013
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Use of non-traditional water resources is growing

20
Electrodialysi
Feverse
OSHIOSIS
15
k=
. Sea
= __|Brackish
S 10 \ water
5 \
S v
&% o
GLJ Theoretical
c PRI
L erergy

0 5000 10000 15000 20000 25000 30000 35000
Salinity (ppm)
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The energy intensity of each stage of the public water supply
life-cycle varies according to regional topography, climate,
and policy framework

mEss s es s ee e e e e e e s e T R E B T B E R E T i
‘ {
Water E i Supplyand Water Water i
Source : “1 conveyance Treatment Distribution -
i : Residential,
I
: Recycled Water 1 Recycled Water - N c;gr::;‘:?l'
I Treatment Distribution : - Or Public
|
- T_ : End-use
Water P Discha - Wastewsater Wiastewater !
Source [ |} = Treatment | Collection 1\
' :
40,000
’ CA, NY, MA, Wi, IA
35,000
30,000
T Energy for distribution dependent on
25,000 T f:er‘ : pump, distance, elevation gain, etc.

5 i
(Castate | o ination
20,000 Water _

kWh per million gallons

15,000 Groundwater
Dependent on Recharge
10,000 facility size and T —
g Standard Water type of treatment Gravity -fed
5,000 § Treatment {0 e
%
u I i
Water Supply Water Water Wastewater Wastewater Recycled Water
and Treatment Distribution Collection and Discharge Distribution
Conveyance Treatment

Source: Sanders and Webber, 2013
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Energy intensity of end use: California’s surprise

Table 3: 2001 Water-Related Energy Use in California

Electricity Natural Gas Diesel
(GWh) (Mill. Therms) (Mill. Gallons)
Water Supply and Treatment
Urban 7,554 19 ?
Agricultural 3,188
End Uses
Agricultural 7,372 18 88
Residential
Commercial 27,887 4220 ?
Industrial
Wastewater Treatment 2012 27 ?
TOTAL 48 012 4 284 88
2001 Consumption 250 13 ?
Percent of Statewide Energy Use ( 19% ( 32% ?
S——" T —

Source: I[EPR, 2005, CEC-100-2005-007-CTD
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Primary energy embedded in water*: US national-level

US Energy Consumption for Direct Water Services and Direct Steam Use in 2010
Sanders & Webber, The University of Texas at Austin, ® 2012
USEnergyForWater20120716

Coal

L 2526
2,874 trillion BTU

34
jected Energy

Energy use in the residential, commercial, industrial and power [l
— sectors* for direct water and steam services was approximately
bl 12 + 0.3 quadrillion BTUs or 12.6% of the 2010 annual primary

energy consumption in the US
(additional energy was used to generate steam for indirect process
heating, space heating and electricity generation)

s Wl Other: 879

Industrial 4,643 trillion BTU
Power: 158

Rejected Energy
3,272 trillion BTU

Chemical and Refining: 2,139

Petroleumn

1,952 trillion TU 1898 Paper and Pulp: 1,111

*Residential, Commercial, Industrial and Power sectors, (~70% of total US
primary energy consumption). Transportation sector not included.

Source: Sanders and Webber, 2012
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Recent studies have highlighted data gaps and discrepancies,

October 2008

primarily regarding water needs for energy* | e=tbo erermmmes

1 1 Improvements to Federal Water Use Data Would
ngl’l_llglis Increase Understanding of Trends in Power Plant

Highlighes of GAD-10-23, a repert 1o tha Water Use

Data Gaps fpmmsectn

Outdated national-level data on energy consumption by water and wastewater plants?
Incomplete data for water-related end-uses (especially in non-residential sectors) !

Poor accounting for losses and leaks (state public use and losses report 3-41% of the total
public supply)?

Power plants not reporting their water use to the EIA (including nuclear plant water use)
would account for 28 - 30 % of freshwater withdrawals by the electricity sector, and at least
24 - 31 % of freshwater consumption by the sector. 2

Discrepancies

Reported freshwater use by power plants across the country fell outside the technology-

based bounds, including plants in 22 states for withdrawal, and 38 states for consumption.?
(Discrepancies especially large in the Lower Colorado River and Southeast Gulf regions, where plant
operators reported consumption five times greater and withdrawals 30% less—than the median NREL
values would suggest)

Multiple causes:
» Some power plant operators are exempt from reporting their water use based on plant
size or technology.
» Many operators appeared to report peak rates of water use rather than the requested
annual average rate, leading to overestimates.
» Some operators reported zero water use.

Other *This may in itself reflect an opportunity or gap

Very limited nature by which water and energy planning is done in an integrated fashion (few
local/regional efforts, plus WECC/ERCOT study.3
1Sanders and Webber, 2013 2 Averyt et al., 2011 3Tidwell (pers comm.)
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Transitioning to Zero Freshwater Withdrawal for Thermoelectric

Generation: ALCOE associated with retrofit

Note: ALCOEs tend to be Maximum Total Cost, All Technologies

lower in the West, Texas “ N
Gulf Coast and south '
Florida, which are areas
prone to drought stress

Max Cost $/MWh

g‘ Technology Number®f? S w5
c $0.50 -$075
g “ plants $0.75-$1.00
=3 WastevaterQ 823 S
LV »v - Mo $2.50 - $5.00
& © | Brackish@vater 109 $500-5750
Dry&ooling 246 :jjﬁo*;;fgoa
0 250 500 1,000 1,500 2,000
- e s Kilometers
With wholesale cost of electricity about S40/MWh?*, many retrofits could be
accomplished at levels that would add less than 10% to current power plant
generation expenses.
Source: DOE, in review *average 2012 wholesale cost over 3 US trading hub regions
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80% CES scenario: Technology choice affect national
trends in power sector water intensity BAU 2036 vs 2006

Consumption decreases to different extents

Water Consumption from Energy and Water Policy Scenari

2000
1800
1600
1400
1200 A
1000 -
800 -
600 -
400 -
200 +

Billion Gallons Per Year

2006 2036-BAU  2036-CES

RegiOnaI impaCtS vary CHANGES IN CONSUMPTION

(BILLIONS OF GALLONS)

<-30

-30--50

=

Climate change may 2 5
enhance impacts § =¥ g
locally and regionally ey P o

Source: Newmark et al., 2011
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The Balancing Act...

Tradeoffs
”ergy/pl "8 out ;
Eny; Our -
(\(/e Global e, Economic V’I’Onment/F deC’SIOns:
Qovefg:laul::ﬁ ’ disparity Ood

Water intensity of
food production

o

Geopolitical

conflict
£ Fnemy

Ee 3 it 35

?E security =
- Chronic shoriages
- drag on growth
- Energy crisis

. Population Environmental
Dem Og ra p h ICS and economic pressures Source:

growth World Economic Forum

Social Media
Public Perceptions
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Opportunities exist for creative solutions to move us beyond
current approaches .

“Insanity is doing the same thing
over and over again
and expecting different results.”

--Albert Einstein

WW.COMICS.conT WV
: © 2001 by NEA, Inc. :
"Why dant you try fhmkmg outside of the box?"
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