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Humanos Are War m

From the IPCC, 2007;

nWar ming of the climate system | s
unequi vocal eéMost of the observed i ncr e
in global average temperatures since the Projected changes n global temperature:
- c 5 global average 18561599 and projection estimates to 2100
mid-20th century is very likely due to the b veas trpesion i ertpace IPCC estimate
observed increase in anthropogenic
greenhouse gas concentrations.
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Actual global temperatures are plotted on the graph for years 1856-1999 and IPCC
estimates of temperature are plotted for years 1999-2100. Different lines on the graph
between 1999 and 2100 indicate high, low, and best estimates of future temperature.

Million Metric Tons of Carbon / Yea

63 years later, in 2004, the 2,000 foot thick
Muir Gladier is gone. Leaving only Muir Inlet.
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Climate Change and Water

AWater and 1 ts aval |OgselgdandPrecldempergureRise (] |

will be the main pressures on, and ~2000  ~2020  ~2050  ~2090
Issues for, societies and the worer | g {se £ | dur
environment under cIf“‘*T“""nuf'te:' L
. Etrj\::s.rlons :IO. T
-Intergovernmental Panel on Climate Scenarie” | g
Change, 2007 1° 1°
1o 1.

AProjected I ncreas e Sl t[ | “ulr
evaporation, and drought frequency
add to concerns about h Sh ol
[great plalnS] deC“nlng Water The:laveragetemper'atur*e intheGrf:atPIainsalr*eadyhas increased roughly 1.5°F

relative te a 1960s and 1970s baseline. By the end of the century, temperatures
resou rces ! 0 are projected to continue to increase by 2.5°F to more than 13°F compared

with the 1960 to 1979 baseline, depending on future emissions of heat-trapping
gases. The brackets on the thermometers represent the likely range of model

_U S Global Change ResearCh projections, though lower or higher outcomes are possible.
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Increased Water Demand

A Higher Temperatures

I Increase in evapotranspiration, water demand for irrigation

A Some research estimates an over 40 percent increase in land
needing irrigation by 2080.

I More water needed for industrial cooling
I Population growth in urban centers
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More Intense Rainfall

Increases in Number of Days with Very Heavy Precipitation
(1958-2007)

A Increases of 27% in
Midwest and 13% iIn
Great Plains in days -
with heaviest rainfall ..
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From USGCRP, 2009 (pg. 44)
Projected Changes in Annual Runoff
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A Runoff expected to
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Midwest, uncertain in
Kansas Clty

-40 -20 -10 5 2 2 5 10 20 40 .
P rcent Millyexal.‘SI ! &

L - r ‘
; ' A 3
~-;,‘\f’ Y

L TR Source: USGCRP, 2009



U.S. Global Change Research Program

Global Climate Change
Impacts in the United States







U.S. Sources of Electricity

A Thermoelectric power accounts 90% of all
electricity
I Coal (49%)
I Natural Gas (20%)
I Nuclear (19%)
I Petroleum (2%)
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Sources of Electricity:

Missourl

A Electricity Portfolio in 2007:
I Coal (84%)
I Nuclear (11.0%)
I Natural Gas (4.0%)
I Hydro (0.4%)
I Renewables (0.1%)
A Over 4/5 electricity from coal

| Found at <http://www. getenergyactlve org/fuel/state htm> derived from U.S. Department of Energy, Energy Information
Administration, Power Plant Report (EIA-920), Combined Heat and Power Plant Report (EIA-920), and Electric Power Monthly
(2006 Preliminary). And <http://www.netl.doe.gov/technologies/coalpower/ewr/pubs/IEP_Power_Plant_Water_R&D_Final_1.pdf>



Water Use for Conventional
Cooling Systems

Table 1 — Average Cooling System Water Use and Consumption

Tvpe of Cooling Water Average gal/kWh
’ . Water
System Water Use .
Consumption
Once-through 37.7 0.1
Recirculating wet 1.2 1.1

Water consumption: Water is withdrawn from a source but not directly returned
to the source because it is evaporated, transpired, incorporated into products
and crops, or consumed by people or livestock.

Water use/withdrawal: Water is removed from the ground or diverted from a
surface source for use. This water is typically returned to the environment, often
at a higher temperature or degraded quality.
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Department of Energy/ Office of Fossil Energyos
<http://www.netl.doe.gov/technologies/coalpower/ewr/pubs/IEP Power Plant Water R&D Final 1.pdf>



Water for Energy

A Approximately 25% of all non-agricultural
fresh water consumption in U.S. Is used
for thermoelectric power generation.

A 49% of all water withdrawals

I On average a 500 MW Coal power plant withdraws
12 million gallons per hour T about 300 MGD!

A On average, 2 gallons of water consumed
per kWh in U.S.

A About 1/3 of a gallon consumed per kWh
produced in Missouri
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iConsumptive Water Use for U.S. Power Pr od g
>http://www.nrel.gov/docs/fy040sti/33905.pdf> and Michael Hightower, Sandia National Labs &



http://www.nrel.gov/docs/fy04osti/33905.pdf

Water for Energy:
Impacts of Thermoelectric Power

A Largest producer of toxic waste, surpassing plastic,
paint and chemical manufacturing

A Heavy metals such as selenium, cadmium, barium,
mercury and lead

A Lake and streambed acidification from sulfur dioxide
and nitrogen oxides

A Toxic solid wastes such as ash or slurry
A Thermal pollution
A Wildlife, micro-organisms caught in intake structures

A GHG emissions from extracting, refining, transporting
and burning fuels

US DOE, #20% Wind Energy by 2030?'




Water for Energy:
Conflicts

A 36 states anticipate water shortages under
normal conditions

A One-fourth of U.S. nuclear power plants
located In areas currently experiencing
Nsevereo drought

AIn 2007, higher inlet water temperatures
caused by lower water levels forced load
curtaill ments or plant
Browns Ferry (nuclear), Gallatin (coal), and
Cumberland (coal) plants.
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POWER Magazine: <http: //www powermag. com/coaI/New coal-plant-technologies-will-demand-more-water_61.htmI>
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Water for Electricity: Trends

A Water demands for energy are growing faster than
any other sector

A By 2030:
I Electricity demand expected to increase by 50%

I Consumption of water for electricity production
could more than double.

'|'E0{ual to the ent | +agicutucalu n
water consumption

A Showing shift to the west where water already
over-allocated




Water for Electricity:
Climate Change

A Less reliable water supplies

A Higher temperatures
I More cooling water needs

I More surface water
evaporation, especially
during peak electricity
demand

A Low carbon technologies
often require more water
| Carbon Sequestration,

30% more water

California Department of Water Resources
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Biofuels

Fuel type Water Consumed Water Withdrawn
(gallons per mile) (gallons per mile)
Gasoline, Diesel, and Electricity
from Renewable Source Less than 0.15 Less than 1
Electricity derived from U.S. Grid 0.307 0.75 57 20
Corn-ethanol 28 36
Soy-based biodiesel 8 10

ElectriciBjcfoiess oressbate eetvweand S times
2 and 200noreew @iveir enhaatgasiodmgasoline

- <= h x \‘ iy "—‘; T2 : -
oF and Webber, M. AWater Intensity of Transpo
TECHNOLOGY /VOL. 42, NO. 21, 2008 <http://pubs.acs.org/doi/pdf/10.1021/es800367m?isMac=289642>




Energy for Water




Water Use Cycle Energy Intensities
(KWh/MG)
Water Use Cycle

Source
/ Boundary

" U, = Sy s = == S = S D = TS S 1

| 1 |

I Supply & Water Treatment Water I

I Conveyance ™ [100-16.000 » Distribution f

[ [ ' ] [700-1,200] !

: [0-16.000] : End-use"
l | | Agricultural

| Recycled Water Recycled Water |, | Residential

I ,| Treatment | Distribution N %ﬁ;ﬂaﬂ
: [400-1,200] :

|

| | |

: : Wastewater Wastewater :

: Discharge | Treatment «—| Collection «

: Lot [1,100-4,600] |




Water Use Cycle Energy Intensities:
Drinking Water

A Ave rag e ran g o betwee N Generic Energy Intensity of Water Supply Types
250 an d 3 ; 500 kWh/M G Source Types Energy Intensity

(kWh/MG)

A G ro u n dWater 30% m O re Zurfaczw.z;ter (Gravity Fed) 2[}03
energy intensive than R,

Brackish Groundwater 3200

S u rface Desalinated Seawater 13800

. . Recycled Water 1100
A Desalination 7x more ”
e n e rgy I nte nS |Ve th an Range of Energy Intensities for Water Use Cycle Segments

Water Use Cycle Segments Range of Energy Intensity
groundwater KW/MG)
J ) ) Low High
A b I k Water Supply and Conveyance 0 14,000
D IStrI _Utl O_n _e_a' age Can Water Treatment 100 16,000
I f I Water Distribution 250 1,200
reS u t I n S I g n I ICant y Wastewater Collection and Treatment 700 4,600
gre ater ene rgy | nte ns |ty Wastewater Discharge 0 400
Total: 1,050 36,200
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Water Use Cycle Energy Intensities:
Wastewater

Energy Intensity of Wastewater Treatment by Size and Level of Treatment

Treatment Plant Unit Electricity Consumption (kWh/million gallons)
Size (million Trickling Activated Advanced Advanced Waste-
gallons/day) Filter Sludge Wastewater | water Treatment w/
Treatment Nitrification
1 MGD 1,811 2,236 2,596 2,951
S5MGD 978 1,369 1,573 1,926
10 MGD 852 1,203 1,408 1,791
20 MGD 750 1,114 1,303 1,676
50 MGD b87 1,051 1,216 1,588
100 MGD 673 1,028 1,188 1,558

Additional energy can be required for pumping
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Water & Wastewater System
Energy Use

A U.S. annual total = 75 billion
kilowatt hours per year

A 3-4% of total U.S. consumption
of electricity

A More than entire energy-
intensive pulp/paper and
petroleum sectors combined

A More than the combined
electricity consumption of all
the microwaves,
and computers found in our
homes

, ot S - S e :
Sources: Pacific Institute & NRDC,
EIA: http://www.eia.doe.gov/emeu/recs/recs2001/enduse2001/enduse2001.html



Water Use Cycle Energy Intensities
(KWh/MG)
Water Use Cycle

Source
/ Boundar

| |
I Supply & Water Treatment Water I
| Conveyance ™ 100-1 » Distribution i
I [100-16.000} [700-1,200] I
: 10-16.000] : End-use
I | | Agricultural
: Recycled Water Rec Residential
. ,| Treatment | Distrilssses —ﬁzrsr?r?;ial
: [400-1,200] :
|
| : |
: : Wastewater Wastewater :
: Discharge | Treatment «—| Collection «
| 0-400 [1,100-4,600] :
e T T T s |
S : by
e Typical Range = 2,000 to 20,000 kWh/MG
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End-Use Energy Intensity

Estimated Hot Water Requirements and Energy Inlensity of Resideniial End-Use

Water Use Category Hot Water® | Energy Intensity (kWh/MG)*
Bath F8.2% 159215
Clothes Washers 27.8% B6, 600
Dishwasher 100% 203,600
Faucet 2.7 % 148,017
Leaks 26.8% 54 565
Shovwver F3.1% 148,632
Toilet %o 0
Landscape lrrigation Yo 0




The Carbon Footprint of Water

A Water-related energy use Is
equivalent to at /east 520
billion kWh (water heating only)

A Electricity output of 150 WA Eraldall et
thermoelectric or coal-fired The Carbon Footprint
power plants of Water -

A Resulting in 290 million metric *
tons of CO2 emissions

A Annual greenhouse gas
emissions of over 50 million
cars

A

A < i ‘ "" 1 ;
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The Carbon Footprint of Water:

Trends

A Energy already 20-60% of
operating costs

A Greater use of marginal, more  [EEERESSSEEES
energy intensive supplies b e e
A Desalination (s sl bt
A Brackish Groundwater
A Inter -basin transfers
A Dropping groundwater levels

A Higher treatment standards




Cconsider:

A After space heating and cooling, water heating is typically the
largest energy user in the home.

A In five minutes, a hot water faucet uses as much energy as a
60-watt bulb uses in 14 hours.
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Integrated Water-Energy Planning:
Case Studies

A As of 2008, only California, New York and
Wisconsin have formally established
Integrated water-energy programs

A All three developed primarily out of energy
conservation efforts

A Initial focus on reducing energy use in
water and wastewater systems

’ : @ ,‘:‘. "‘,'». - "".’, 3 7~ :‘ . < J . OB A
‘ ﬁ')v’ . ‘-'; . > .‘/— 4 - - g ' ’. \‘ .‘t S - s %
Sarme L Yy Rdte L B

University of Delaware: <http IlIwww.udel.edu/ceep/publications/2008 ws_SET_water-energy_nexus.pdf> \v _




Water for Energy:

Better Technologies

A Dry- and Hybrid-cooling systems can
reduce water consumption by 95%

A Potential Barriers:
I Performance can decline in hot
weather
I requires greater upfront capital costs

A Benefits: 0

I Increases plant siting options
I Accelerate approval of construction
permits

o4 I & " -
", <x<azr v b . 2 . A e E e N
"0 G A0 4 ".f’( -, 3 @.,_ — v o N Y .
4 TN . o3 o . ; S U Y7 AP, -
~ ‘."{é \.\.’ .sﬁ"’-).’A NS SRaR L P W -
Gl TN ol Ta  CEREC MR R st
PIER Project Summary., fAWet, Dry, Hybrid Ws (D3 ‘2
<http://www.energy.ca.gov/research/environmental/project fact sheets/100-98-001-6.htm|> =




Water for Energy:
Promote Renewables

wWind 0.001 /
PV Solar |0.030 Y
Nuclear [0.62
Coal 0.49
Ol 0.43
Nat. Gas [0.18




Water for Energy:
Wind Power

Figure A-19. Annual water consumption savings due to
deployment of wind energy

500
Table 5-1. Estimated water savings from

450 wind energy in the interior West (Baum et al. 2003)
© . Water Savings Water Savings
g’ 400 En e‘er?MW) (billion gallons (billion gallons
% 350 ay withdrawn) consumed)
@ 300 1,200 3.9 1.89
& 3,000 7.88 473
= 290 4,000 10.51 6.31
O 200 Adapted from The Wind/Water Nexus: Wind Powering America
v (DOE 2006)
2 150

Missouri has wind capacity to cumulatively

save over 100 billion gallons of water by 2030

Qe Q YV > © \®) Q Vv ™ ‘o) > N
) N N N N N "1, % & Q% Q% o)
P PP P P P P P P P P P

| Source: U.S. Department of Energy, 20% Wind Energy by 2030 <http:iwww.20percentwind.org/20p.aspx?page=Report=



Water for Energy:
Conservation & Efficiency

A A report by Austin Energy found that
reducing reliance on a local coal-fired
power plant by 1/3 could free up 1 billion
gallons of water

A In Missouri, saving 1 kWh
conserves 1/3 gallon of
water and reduces withdrawals
by much more




Saving Water Saves Energy




Understanding Water System
Energy Intensity

A More successful water conservation
programs

A Likely be required under climate legislation

A Tailor water conservation efforts or
Infrastructure repairs to optimize energy
savings
I Possible funding from energy interests

A Customer satisfaction with increased
transparency
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Kansas City Water Sources

A Water Supply
I 113 million gallons per day
I 94% from Missouri River
I Remainder from groundwater
A Wastewater Treatment
I Combined Sewer System
I 96 million gallons per day
I 7 treatment facilities
I 15 flood pumping stations
~ As16. 5 m|II|on per year for electr|C|ty
PV, e g by odiy e B

Clty of Kansas City, MO <http://www.kcmo. orglldc/groups/water/documents/waterserwces/ccrOS pdf>




Showerheads

A A family of four switching from a standard 2.5 gpm
to an efficient 1.5 gpm showerhead can save:

A 8,320 gallons of water
A 1,240 kWh of electricity

A more electricity than a clothes
washer uses in a year

A 1,660 Ibs of CO2
A Up to $175 off utility bills

Assumes 5 showers per person per Week at 8 minutes each Electrlc water heater $0 102 per kWh, .2036 kWh/gaIIon hot
water, 73.1% hot water. Clothes Washer: http://www.eia.doe.gov/emeu/recs/recs2001/enduse2001/enduse2001.html



Food Service:

Pre-rinse Spray Valves
A An analysis by the California Urban Water

Conservation Council found:

I Annual water savings were = 3
approximately 50,000 gallons per L2
valve

I Annual energy savings totaled more
than 7,600 kilowatt-hours

I 5.5 Metric ton CO2 reduction
I Taking 1 car off the road

I Investment of $25 and $50 could
save up, to $800 annually on bl||S
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Hldden Oasis: Water Conservatlon and Efficiency in Las Vegas. PaC|f|c Institute, 2007



Fixing Leaks: At the Home

A Approximately 5 to 10 percent of American homes have
water leaks that drip away 90 gallons a day or more.

I Could be reduced by 30,000 gallons/year if new, efficient
fixtures were installed

A An estimated 27% of water lost to leaks has already
been heated.

A Retrofitting the 5 percent of American homes that leak
the most would annually save:

I More than 177 billion gallons of water
I Approximately 34 Billion kWh
I 24 .4 MMT of CO2

I Equivalent to 5.3 coal power
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Aqtiacraft  httn://www aatiacraft com/Piuiblications/hotwater html


http://www.epa.gov/watersense/news/facts.htm
http://www.aquacraft.com/Publications/hotwater.html

Energy in Water:
Traditional Programs vs. Water Efficiency

Energy Efficiency Programs

California:

2004-2005 2006-2008 WUE
GWh (Annualized) 2,745 9
MW 690 350
Funding ($ million) $762 $1,500 $826
$/Annual kWh $0.28 $0.13
WUE Relative Cost 46% % CEC, 2005

That means water efficiency can save over 95% of the energy at
58% of the cost of planned energy conservation programs
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Greywater Reuse

A lllegal in most states

A Benefits:

I Save up to 22,000 gallons per home
iSaves both o6upstr e &
dOdownstreamO ener gsg

A Arizona has model policy

A No specific regulations in WA
iSep. 10, 2009 DOH

Devel opment Gui de o SRSl

E NP SNt S W e
Doug Hensel, California Dep. of Housing and Community Development
WA: http://mwww.doh.wa.gov/ehp/ts/WW/greywater/rule/TechPaperGW?2.pdf



Low Impact Development (LID)

EPA: http://www.epa.gov/nps/lid/
LID Center: www.lowimpactdevelopment.org/
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