Educator Webinar:
Teaching the Water-Energy Connection

presented by National Environmental Education Week
in partnership with River Network and Earth Day Network

Wednesday, March 31, 2010
6:30 p.m. Eastern time




I. The Water-Energy Nexus

Presented by Bevan Griffiths-Sattenspiel,
River Network

a. An overview
b. Q&A

Il. Teaching the Water-Energy Connection

Presented by Sean Miller and Brenna Holzhauer,
Earth Day Network

Success Stories
Q&A

Lesson Plans
Q&A

Q0 T o



The Water-Energy Nexus

Bevan Griffiths-Sattenspiel
River Network
bariffiths@rivernetwork.orqg
(503) 542-8395



mailto:bgriffiths@rivernetwork.org

Water-Energy Nexus
Outline

e Climate Change & Water

o \Water for Energy
— Water impacts/trends
— Low-water alternatives

* Energy for Water
— National overview
— Saving Water Saves Energy



Human’s Are Warming the Climate

From the IPCC, 2007:

“Warming of the climate system is unequivocal...Most of the

observed increase in global average temperatures since the

mid-20th century is very likely due to the observed increase
in anthropogenic greenhouse gas concentrations.

*The first 10 years of this century have been
the warmest decade on record.

«Carbon dioxide levels in the atmosphere
are currently the highest they have been in
at least 800,000 years.

Sea ice in the Arctic melted to its third-
lowest area ever measured last summer.

Worldwide, ocean temperatures last
summer were hotter than ever previously

recorded.
-Union of Concerned Scientists, email 2-25-10



Water Challenges

Water Pollution Agricultural
Flood Control Water Demand

“Water and its availability and quality
will be the main pressures on, and
Issues for, societies and the

environment under climate change.”
-Intergovernmental Panel on Climate Change, 2007




U.S. Global Change Research Program

“By far the most up to date,
comprehensive and
authoritative assessment of

u SRR TR climate change impacts on the
S0 Ry I United States.”

specifically mention _John Holdren

water. Director of the White House Office of Science
and Technology Policy

Eight of the reports







U.S. Sources of Electricity

 Thermoelectric power accounts 90% of all
electricity

— Coal (49%)

— Natural Gas (20%)
— Nuclear (19%)

— Petroleum (2%)

Containment Structure

Thermoelectric Power: Electrical power
generated from a heat source, such as Pressurizer _ Steam\
burning coal or nuclear fission, indirectly

through devices like steam turbines.

e

R

Control I
Rods

Reactor
Vessel

[ Condenser

EIA <http://www.eia.doe.gov/cneaf/electricity/epa/epa_sum.html>, diagram from <http://www.nrc.gov/images/reading-rm/basic-ref/students/student-pwr.gif>



Water for Energy:
Once-Through & Withdrawals

 Power plants withdraw 49% of all water in U.S.

o A typical 500 MW power plant withdraws over 12
million gallons of water per hour, some as much
as 20 million gallons per hour.

— Equivalent to the volume of 440 to 730 Olympic sized
swimming pools per day!

Water Withdrawal: Water is removed
from the ground or diverted from a

surface source for use. This water is
typically returned to the environment.

Department of Energy/Office of Fossil Energy’s Power Plant Water Management R&D Program. Summary July 2005. (Pg. 1)
http://www.netl.doe.gov/technologies/coalpower/ewr/pubs/IEP_Power_Plant_Water R&D_Final_1.pdf. And USGS <http://ga.water.usgs.gov/edu/wupt.htmI>

Figure from DOE “Energy Demands on Water Resources”



http://www.netl.doe.gov/technologies/coalpower/ewr/pubs/IEP_Power_Plant_Water_R&D_Final_1.pdf

Water for Energy:

Closed-loop and Consumption

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

 On average, 2 gallons of water consumed
per kilowatt hour

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.

“Consumptive Water Use for U.S. Power Production” ,<http://www.nrel.gov/docs/fy040sti/33905.pdf>. Figure from DOE
“Energy Demands on Water Resources”



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

Water for Energy:
Impacts of Thermoelectric Power

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

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

e Lake and streambed acidification from sulfur dioxide
and nitrogen oxides

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

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

NYT, “Cleansing the Air at the Expense of Waterways <http://www.nytimes.com/2009/10/13/us/13water.htm|>



Hydroelectricity:

Water Evaporation

 Between 5% and 10% of U.S. electricity
generation

« 3.8 billion gallons H2O/day

 U.S. average 18 gallons H20
consumption per kWh electricity

Hoover Dam:
1 billion gallons of
water evaporates off
surface per day.

Energy Demands on Water Resources. U.S. Department of Energy. (Pg. 20) 2006 http://www.rivernetwork.org/rn/climate/energydemands
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http://www.rivernetwork.org/rn/climate/energydemands
http://www.nrel.gov/docs/fy04osti/33905.pdf

Water for Electricity: Trends

*\Water demands for energy are growing faster
than any other sector

L ow carbon technologies may require more water

— Carbon Capture and Sequestration, 30% more water
— Concentrating Solar Thermal, 2x water compared to Coal

By 2030:

— Electricity demand expected
to increase by 50%

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

— Equal to all non-agricultural
H,O consumption from1995

Energy Demands on Water Resources. U.S. Department of Energy. (Pg. 10-11) 2006 <http://www.rivernetwork.org/rn/climate/energydemands>




Transporation

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 0.30 —0.75 5_20
Corn-ethanol 28 36
Soy-based biodiesel 8 10

Biofuels consume between
2 and 200 times more water than gasoline

King, C. and Webber, M. “Water Intensity of Transportation.” Journal of ENVIRONMENTAL SCIENCE &
TECHNOLOGY /VOL. 42, NO. 21, 2008 <http://pubs.acs.org/doi/pdf/10.1021/es800367m?isMac=289642>




Water for Energy:
Develop Renewables

Wind 0.001

PV Solar [0.030
Nuclear [0.62
Coal 0.49
Ol 0.43
Nat. Gas [0.18
Hydro 18.27

Gipe, Paul. “Wind Energy Comes of Age,” 1995 http://www.awea.org/fag/water.html and “Consumptive Water
Use for U.S. Power Production” ,<http://www.nrel.gov/docs/fy040sti/33905.pdf>



http://www.awea.org/faq/water.html
http://www.nrel.gov/docs/fy04osti/33905.pdf

Wind Power

Source: Larry Flowers, Energy/Water Nexus, NREL



Water & Wastewater System
Energy Use

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

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

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

e Comparable to the combined
electricity consumption of all
the microwaves, color TV’s,
and computers found in our
homes

Sources: Pacific Institute & NRDC, “Energy Down the Drain”
EIA: http://www.eia.doe.gov/emeu/recs/recs2001/enduse2001/enduse2001.html



Inefficient Infrastructure

 The USGS estimates water losses in the
water systems of the U.S. to be about 6
billion gallons per day

— This represents more than enough
water to supply the 10 largest cities in
the US

— Based on national averages, this
water loss likely results in:
* About 1.5 billion kWh of wasted electricity
* Enough to supply 130,000 homes
e 1.1 million metric tons CO2 emissions

-George Kunkel Jr P.E.From “Water Efficiency and Accountability” pg. 65 of the March 2008
issue of Water Efficiency; Assumes 1,500 kWh/MG and 1.34 Ibs. CO2 per kWh



The Carbon Footprint of Water

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

* Electricity output of 150
thermoelectric or coal-fired
power plants

e Resulting in 290 million metric
tons of CO2 emissions

* Annual greenhouse gas
emissions of over 50 million
cars



Consider:

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

e Heating two gallons of water consumes more energy than
lighting an entire home for an hour (400 watts vs. 250 watts).

e |n five minutes, a hot water faucet uses as much energy as a
60-watt bulb uses in 14 hours.

Source: US EPA & ACEEE and Metropolitan Energy Center of Kansas City



Showerheads

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

e 8,320 gallons of water
o 1,240 kWh of electricity

e more than a clothes washer

* 1,660 Ibs of CO2
* About $175 off utility bills

Assumes 5 showers per person week at 8 minutes each. Electric water heater, $0.102 per kWh, .2036 kWh/gallon hot
water, 73.1% hot water.



Tollets

 |f just 1% of American homes replaced an
older toilet with a WaterSense labeled toilet:

— 20% more efficient than the current
federal standard

— Save more than 38 million kWh of
electricity annually

— Enough electricity to supply more
than 43,000 households for one

month
— Tollets only save cold water

US EPA



Outdoor Water Use

“Of the 7 billion gallons of water used outdoors on the
average day, as much as 50% is wasted due to wind,
evaporation, improper system design, installation or

maintenance.”

— US EPA
This 7 billion gallons of water accounts for:

*Over 3.8 billion kWh per year
About 2.7 million metric tons CO2
e Emissions of 520,000 cars

Outdoor demand often drives need for
energy-intensive marginal sources

Assumes 1,500 kWh/MG and 1.34 Ibs. CO2 per kWh



Green Infrastructure and
Low Impact Development (LID)

 Includes a variety of approaches
— Green roofs
— Permeable pavement
— Bioretention areas or rain gardens
— Downspout disconnection
— Rainwater harvesting
— Tree planting
— Bioswales
— Soil Amendments






The End

Bevan Griffiths-Sattenspiel
River Network
www.rivernetwork.org/swse
(503) 542-8395
bariffiths@rivernetwork.orqg



http://www.rivernetwork.org/swse
mailto:bgriffiths@rivernetwork.org

Type your questions into the
“chat” box in the right side of
vour WebEXx screen.






sSuccess S ur/ Coris rv]ng Energy

B. Reed | Jemcle rson rlign school - \/\ st Cr)

- District report snowed rmore energy used aif
rlenclerson theain ainy otnier facility in tnie district,

—

- Stuclent Environrnental Cluo werntecd to
correlaite witn District’s new Energy
Marnzagernent Policy and recluce scnool

- Students began by asking faculty to turn off
b ZIrc J rnonitors notin use.,

- This wass successiul out they wentecd to cdo more,

flaitec Power Dowrn Friclalys -
teachers and stuclents awvoid turnirig on lignts or

electronics all ceyy on various Friclalys,
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Power Down Friclaiys

Hesulis

reduced J'ts car.’oon footprint > 20 percentin tnie first rmont
Success nas cornfirued Jm
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Power Dowr Friclzeys
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Success story 2 — Conservirig Weiier
Relnwelier Colleciior
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Halnwerter Collection
Hesolrces

1 Waier Cornservertion acrgrouricl

inforrnetion:
nttp://wwwwy.earinday.net/oacrgroluncocli/
Weltern20Conservertion%20sacrgrourncl. oclf,
Rezin Garclen Lessorn Plar:
ntep://wwwy.earindzay.net/lessonolanspcf/Le
20l t%20R 2101 - %20Lesson%20p B orlr

Otiner resources orl garcening anc ouicloor
claissroorms:
rtto://www.earincay.net/greenscnoolsrecr
eztiorn.




Success Story 3 — Corniserving energy
Werier Corversaiiorn

T.C. Willizirns rlign Schnool = Alexarndria, VA

Rermermnoer ine Titains (2000)




T.C. Willizirns Cort,
a0 450,000 gallon cisiern
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T.C. Willizirns Corit,

a Collects rain weaier frorn roof

a Used for tollets, irrgation & AC

a City welter Usecd for clrinking
C

Ornrnunity supoort & Planning




T.C. Willairns Cornt.

a0 Aclditional Info:

a Take zudigital tour of scniool, inclucling *cistern anirneator:”
rittp://tewillizirns.elexandrizLgreentoucnscreern.corrn/

]
a Take avideo tour att www.ezirincdayiv.net “In trne




Conservirig energy
L; Solair Installation

Schnool— Chicago rleignts, IL

/




ploorn rlign scnool Cont,

o Two Kincs of Solar: PV & Trierrnel

esi source of Rerlewaole Energy
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Type your questions into the
“chat” box in the right side of
vour WebEXx screen.



Presenters and Facilitators

Bevan Griffiths-Sattenspiel
Saving Water, Saving Energy Project Coordinator
River Network . Ri

iver Network
bgriffiths@rivernetwork.org a&cﬂmﬁu People, Saving Rivers
(503) 542-8395

Brenna Holzhauer, Education Manager
Sean S. Miller, Education Director
Earth Day Network
education@earthday.net

(202) 518-0044 x50

Sarah Kozicki, Program Associate, National EE Week
Jessica Culverhouse, Program Manager, National EE Week
National Environmental Education Foundation
eeweek@neefusa.org

(202) 261-6474 www.eeweek.org



mailto:bgriffiths@rivernetwork.org
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mailto:eeweek@neefusa.org

Program Websites

http://rivernetwork.org/swse

http://earthday.net

http://eeweek.org

www.eeweek.org



http://rivernetwork.org/swse
http://earthday.net/
http://eeweek.org/

e Audio and video from this webinar,
PowerPoint presentations, resource
lists, and Q & A will be archived at
www.eeweek.org

e A survey will be sent via email

 |Information about future webinars
will be shared via EE Week e-news
and www.eeweek.org



http://www.eeweek.org/
http://www.eeweek.org/
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