
The Water-Energy Nexus:

An Overview

Bevan Griffiths-Sattenspiel

River Network

bgriffiths@rivernetwork.org

(503) 542-8395

mailto:bgriffiths@rivernetwork.org


Outline

ÅClimate Change

ïWater Impacts

ÅWater-Energy Nexus

ïWater for Energy

ïEnergy for Water

ÅStrategies
USGCRP



Humanôs Are Warming the Climate

From the IPCC, 2007:

ñWarming of the climate system is 

unequivocaléMost 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.



Climate Change and Water

Source: USGCRP, 2009

ñProjected increases in temperature, 

evaporation, and drought frequency 

add to concerns about the regionôs 

[great plains] declining water 

resources.ò

-U.S. Global Change Research 

Program, 2009

ñWater and its availability and quality 

will be the main pressures on, and 

issues for, societies and the 

environment under climate change.ò

-Intergovernmental Panel on Climate 

Change, 2007



Increased Water Demand

ÅHigher Temperatures

ïIncrease in evapotranspiration, water demand for irrigation

ÅSome research estimates an over 40 percent increase in land 

needing irrigation by 2080.

ïMore water needed for industrial cooling

ïPopulation growth in urban centers

Adapted from Pacific Instituteôs, ñClimate Change and Global Water Crisis: What Businesses Need to Know 

and Doò <http://www.pacinst.org/reports/ungc_climate_water/report.pdf> 



More Intense Rainfall

ÅIncreases of 27% in 

Midwest and 13% in 

Great Plains in days 

with heaviest rainfall 

have already occurred

ÅRunoff expected to 

increase 10-20% in 

Midwest, uncertain in 

Kansas City

Source: USGCRP, 2009



U.S. Global Change Research Program





U.S. Sources of Electricity

ÅThermoelectric power accounts 90% of all 

electricity

ïCoal (49%)

ïNatural Gas (20%)

ïNuclear (19%)

ïPetroleum (2%)

EIA <http://www.eia.doe.gov/cneaf/electricity/epa/epa_sum.html>



Sources of Electricity:

Missouri
ÅElectricity Portfolio in 2007:

ïCoal (84%)

ïNuclear (11.0%)

ïNatural Gas (4.0%)

ïHydro (0.4%)

ïRenewables (0.1%)

ÅOver 4/5 electricity from coal

Found at <http://www.getenergyactive.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

Department of Energy/Office of Fossil Energyôs Power Plant Water Management R&D Program. Summary July 2005. 

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

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.



Water for Energy

ÅApproximately 25% of all non-agricultural 
fresh water consumption in U.S. is used 
for thermoelectric power generation.

Å49% of all water withdrawals
ïOn average a 500 MW Coal power plant withdraws 

12 million gallons per hour ïabout 300 MGD!

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

ÅAbout 1/3 of a gallon consumed per kWh 
produced in Missouri

ñConsumptive Water Use for U.S. Power Productionò 

>http://www.nrel.gov/docs/fy04osti/33905.pdf> and Michael Hightower, Sandia National Labs

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


Water for Energy:

Impacts of Thermoelectric Power

US DOE, ñ20% Wind Energy by 2030 <http://www.20percentwind.org/>

ÅLargest producer of toxic waste, surpassing plastic, 
paint and chemical manufacturing
ÅHeavy metals such as selenium, cadmium, barium, 

mercury and lead

ÅLake and streambed acidification from sulfur dioxide 
and nitrogen oxides

ÅToxic solid wastes such as ash or slurry

ÅThermal pollution

ÅWildlife, micro-organisms caught in intake structures

ÅGHG emissions from extracting, refining, transporting 
and burning fuels



Water for Energy:

Conflicts

POWER Magazine: <http://www.powermag.com/coal/New-coal-plant-technologies-will-demand-more-water_61.html>

Å36 states anticipate water shortages under 
normal conditions

ÅOne-fourth of U.S. nuclear power plants 
located in areas currently experiencing 
ñsevereò drought

ÅIn 2007, higher inlet water temperatures 
caused by lower water levels forced load 
curtailments or plant shutdowns at TVAôs 
Browns Ferry (nuclear), Gallatin (coal), and 
Cumberland (coal) plants.



Water for Electricity: Trends

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

ÅWater demands for energy are growing faster than 
any other sector
ÅBy 2030:
ïElectricity demand expected to increase by 50%
ïConsumption of water for electricity production 

could more than double. 
ïEqual to the entire countryôs 1995 non-agricultural 

water consumption

ÅShowing shift to the west where water already 
over-allocated



Water for Electricity: 

Climate Change

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

ÅLess reliable water supplies
ÅHigher temperatures
ïMore cooling water needs
ïMore surface water 

evaporation, especially 
during peak electricity 
demand

ÅLow carbon technologies
often require more water
ïCarbon Sequestration, 

30% more water 
California Department of Water Resources



Biofuels
Fuel type Water Consumed

(gallons per mile)

Water Withdrawn

(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 ï0.75 5 ï20

Corn-ethanol 28 36

Soy-based biodiesel 8 10

King, C. and Webber, M. ñWater Intensity of Transportation.ò Journal of ENVIRONMENTAL SCIENCE & 

TECHNOLOGY / VOL. 42, NO. 21, 2008 <http://pubs.acs.org/doi/pdf/10.1021/es800367m?isMac=289642> 

Biofuels consume between                                                          

2 and 200 times more water than gasoline

Electricity consumes between 2 and 5 times 

more water than gasoline



Energy for Water



Water Use Cycle Energy Intensities
(kWh/MG)

Typical Range = 2,000 to 20,000 kWh/MG 

Source: California Energy Commission, 2005 Integrated Energy Policy Report
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Water Use Cycle Energy Intensities:

Drinking Water

ÅAverage range between 
250 and 3,500kWh/MG
ÅGroundwater 30% more 

energy intensive than 
surface
ÅDesalination 7x more 

energy intensive than 
groundwater
ÅDistribution leakage can 

result in significantly 
greater energy intensity



Water Use Cycle Energy Intensities:

Wastewater

Additional energy can be required for pumping 

wastewater to treatment plant



Water & Wastewater System 

Energy Use

ÅU.S. annual total = 75 billion 
kilowatt hours per year

Å3-4% of total U.S. consumption 
of electricity

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

ÅMore than the combined 
electricity consumption of all 
the microwaves, color TVôs, 
and computers found in our 
homes

Sources: Pacific Institute & NRDC, ñEnergy Down the Drainò

EIA: http://www.eia.doe.gov/emeu/recs/recs2001/enduse2001/enduse2001.html



Water Use Cycle Energy Intensities
(kWh/MG)

Typical Range = 2,000 to 20,000 kWh/MG 

Source: California Energy Commission, 2005 Integrated Energy Policy Report
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End-Use Energy Intensity



The Carbon Footprint of Water

ÅWater-related energy use is 
equivalent to at least 520 
billion kWh (water heating only)

ÅElectricity output of 150 
thermoelectric or coal-fired 
power plants

ÅResulting in 290 million metric 
tons of CO2 emissions
ÅAnnual greenhouse gas 

emissions of over 50 million 
cars



The Carbon Footprint of Water:

Trends
ÅEnergy already 20-60% of 

operating costs
ÅGreater use of marginal, more 

energy intensive supplies
ÅDesalination
ÅBrackish Groundwater
ÅInter -basin transfers

ÅDropping groundwater levels
ÅHigher treatment standards



Consider:

ÅAfter space heating and cooling, water heating is typically the 

largest energy user in the home.

ÅIn five minutes, a hot water faucet uses as much energy as a 

60-watt bulb uses in 14 hours.

Source: US EPA & ACE3



Strategies to Address   

Water-Energy Challenges



Water = Energy



Integrated Water-Energy Planning: 

Case Studies

ÅAs of 2008, only California, New York and 

Wisconsin have formally established 

integrated water-energy programs

ÅAll three developed primarily out of energy 

conservation efforts

ÅInitial focus on reducing energy use in 

water and wastewater systems

University of Delaware: <http://www.udel.edu/ceep/publications/2008_ws_SET_water-energy_nexus.pdf>



Water for Energy:

Better Technologies
ÅDry- and Hybrid-cooling systems can 

reduce water consumption by 95%

ÅPotential Barriers:
ïPerformance can decline  in hot 

weather

ïrequires greater upfront  capital costs

ÅñBenefits:ò
ïIncreases plant siting options

ïAccelerate approval of construction

permits

PIER Project Summary, ñWet, Dry, Hybrid Wet/Dry and Alternative Cooling Technologies.ò 

<http://www.energy.ca.gov/research/environmental/project_fact_sheets/100-98-001-6.html>



Water for Energy:

Promote Renewables

Source Gallons

Per kWh

Wind 0.001

PV Solar 0.030

Nuclear 0.62

Coal 0.49

Oil 0.43

Nat. Gas 0.18

Hydro 18.27

Gipe, Paul. ñWind Energy Comes of Age,ò 1995 <http://www.awea.org/faq/water.html>



Missouri has wind capacity to cumulatively 

save over 100 billion gallons of water by 2030

Water for Energy:

Wind Power



Water for Energy:

Conservation & Efficiency

ÅA 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

ÅIn Missouri, saving 1 kWh 

conserves 1/3 gallon of 

water and reduces withdrawals                 

by much more

See: http://www.rivernetwork.org/blog/7/2009/08/20/reducing-relliance-coal-power-could-save-city-austin-one-billion-gallons-water



Saving Water Saves Energy



Understanding Water System 

Energy Intensity

ÅMore successful water conservation 
programs

ÅLikely be required under climate legislation

ÅTailor water conservation efforts or 
infrastructure repairs to optimize energy 
savings
ïPossible  funding from energy interests

ÅCustomer satisfaction with increased 
transparency



Kansas City Water Sources
ÅWater Supply

ï113 million gallons per day

ï94% from Missouri River

ïRemainder from groundwater

ÅWastewater Treatment
ïCombined Sewer System

ï96 million gallons per day

ï7 treatment facilities

ï15 flood pumping stations

Å$16.5 million per year for electricity

City of Kansas City, MO <http://www.kcmo.org/idc/groups/water/documents/waterservices/ccr08.pdf>



Showerheads

ÅA family of four switching from a standard 2.5 gpm

to an efficient 1.5 gpm showerhead can save:

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

water, 73.1% hot water. Clothes Washer: http://www.eia.doe.gov/emeu/recs/recs2001/enduse2001/enduse2001.html 

Å8,320 gallons of water

Å1,240 kWh of electricity

Åmore electricity than a clothes 

washer uses in a year

Å1,660 lbs of CO2

ÅUp to $175 off utility bills



Food Service:

Pre-rinse Spray Valves
ÅAn analysis by the California Urban Water 

Conservation Council found:

Hidden Oasis: Water Conservation and Efficiency in Las Vegas. Pacific Institute, 2007. 

ïAnnual water savings were 
approximately 50,000 gallons per 
valve 

ïAnnual energy savings totaled more 
than 7,600 kilowatt-hours

ï5.5 Metric ton CO2 reduction

ïTaking 1 car off the road

ïInvestment of $25 and $50 could 
save up to $800 annually on bills.



Fixing Leaks: At the Home

ÅApproximately 5 to 10 percent of American homes have 
water leaks that drip away 90 gallons a day or more.
ïCould be reduced by 30,000 gallons/year if new, efficient 

fixtures were installed

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

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

Sources: U.S. EPA http://www.epa.gov/watersense/news/facts.htm

Aquacraft, http://www.aquacraft.com/Publications/hotwater.html

ïMore than 177 billion gallons of water

ïApproximately 34 Billion kWh 

ï24 .4 MMT of CO2

ïEquivalent to 5.3 coal power 
plants

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


Energy in Water:
Traditional Programs vs. Water Efficiency

2004-2005 2006-2008 WUE

GWh (Annualized) 2,745 6,812 6,500

MW 690 1,417 850

Funding ($ million) $762 $1,500 $826

$/Annual kWh $0.28 $0.22 $0.13

WUE Relative Cost 46% 58%

Energy Efficiency Programs

 

That means water efficiency can save over 95% of the energy at 

58% of the cost of planned energy conservation programs

CEC, 2005

California:



Greywater Reuse

ÅIllegal in most states

ÅBenefits:
ïSave up to 22,000 gallons per home

ïSaves both óupstreamô and        
ódownstreamô energy

ÅArizona has model policy

ÅNo specific regulations in WA
ïSep. 10, 2009 DOH issued ñRule 
Development Guideò

Doug Hensel, California Dep. of Housing and Community Development

WA: http://www.doh.wa.gov/ehp/ts/WW/greywater/rule/TechPaperGW2.pdf



Low Impact Development (LID)

EPA: http://www.epa.gov/nps/lid/

LID Center: www.lowimpactdevelopment.org/


