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Energy and Water are interrelated

AApproximater 157,000 million gallons (482,100
acreZeet) of water are consumed annually to cool

t he stateds ther moel ectric
400 TWh of electricity

I water for ~ 3 million people for a year

AApproximater 081. 3% of TexasoO tot
and 2.2-3.4% of industrial electricity is used
annually to treat water and wastewater in Texas?

I electricity for ~ 100,000 people for a year
| estimates do not include end-use
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1Ashlynn S. Stillwell, Carey W. King, Michael E. Webber, lan J. Duncan, and Amy Hardberger.
University of Texas at Austin and Environmental Defense Fund. Energy-Water Nexus in
Texas. Austin, TX. April 2009.
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Water consumed for electricity generation in
Texas varies by fuel

A0.2-0.7 gal/kWh for natural Texas Electricity Generation by Source
gas and coal using steam (Total: 400 billion kWh)
turbines Other

Petroleum 2%
0% \ )
Renewable _;
2%

A0.6 gal/kWh for nuclear

A0.23 gal/kWh for natural
gas combined cycle using |-
cooling towers 10%

A0 gal/kWh for wind and PV

SO | ar An 2008 wind turbines generated over 14.6 TWh (3.6%) of electricity,

more than the total renewable generation in 2006.

Data from Ashlynn S. Stillwell, Carey W. King, Michael E. Webber, lan J. Duncan, and Amy
Hardberger. University of Texas at Austin and Environmental Defense Fund. Energy-Water
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Trends in water consumption and withdrawal
rates vary by fuel source

Water Consumption and Withdrawal rates per Fuel and

Prime Mover LIG = lignite coal

SUB = sub-bituminous
coal

NUC = nuclear
NG = natural gas
ST = steam turbine

GT = gas turbine not in
combined cycle
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Withdrawal (gal/kWh)

CT = combustion
turbine of combined
cycle

CA = steam section of

NG (ST) NG (GT) NG (CT) NG(CA) WIND combined cycle

Primary Fuel

¢FrofS mdmn FNRY YAy3dT /I NBeéx SiG Fftd b2FiSNI5SYFYR t Ne2SO
(2008), Available : http://www.twdb.state.tx.us/wrpi/data/socio/est/Final pwr.pdf. Kelly Twomey
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Trends in water consumption and withdrawal
rates also vary by cooling technology

Water Consumption and Withdrawal rates per Cooling

RI = recirculating with
induced draft cooling
tower(s).

RC = recirculating with
cooling pond(s)

RF = recirculating with
forced draft cooling
tower(s)

OC = Once through,
canal
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Withdrawal (gal/lkWh)

OS = once through with
saline water

OF =once
through with cooling
pond(s)

Cooling System Type

¢FrofS mdmp FNRY YAy3dAI /I NBeéx SiG Fftod b2FiSNI5SYFYR t Ne2SO
(2008), Available : http://www.twdb.state.tx.us/wrpi/data/socio/est/Final pwr.pdf. Kelly Twomey
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Many uncertainties make future water demand
hard to predict

APopuIation and economic growth

I 23 million -> 46 million by 2060
ABehavioral and demographic changes

I conservation, industrial shifts
ATechnoIogy

I generation mix, efficiency, cooling technologies
APoIicy decisions

I carbon pricing, efficiency programs, water costs
AcClimate change

I planning is based on 1950 drought scenario

Texaso 2007 State Water Pl an
water supply demand will increase by ~85% by 2060.

2 Texas Water Development Board. Water for Texas 2007. GPBZ. Austin, TX, January 2007.
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How does CHP fit into the water-electricity

nexus?

Aln general: higher efficiency in steam cooled power
production = lower gal/kWh

ACogeneration systems:
I Decrease the need for electricity

ADirectly in industrial processes, building,
residential heating

Alndirectly in absorption chiller systems
I Consequently, decrease the need for water

I Less wasted heat =less cooling water demand

' Kelly Twomey
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There are many players in water management
INn Texas

A Local water managers; Lower Colorado River Authority (LCRA), Austin
Water Utility (AWU), Edwards Aquifer Authority (EAA), etc.

A state level:
I Texas Water Development Board (TWDB):
A Scientific measurement
A Planning
A Loans and grants to fund project
I Texas Commission on Environmental Quality (TCEQ)
A Water and environmental quality

I Other agencies: Texas General Land Office, Texas Parks & Wildlife
Department , State Energy Conservation Office, Texas Department
of Agriculture, etc.

A Federal level

\'ﬁ USGS, EPA, DOE, USDA, GAO, CRS, etc.
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Take-away: Implementing advanced efficiency
IS the key to the sustainable use of both
energy and water

Almproving water
efficiency will
reduce power
demand

Almproving energy
efficiency will
reduce water
demand
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Supplemental: Water withdrawal by fuel and
cooling technology

Table 1.1. Water withdrawal reported volumes for different fuels and cooling technologies. Air-cooling requires

negligible water and is compatible with all of the technologies listed. [17, 25-27]

Cooling Technologies — Water Withdrawal (gal/MWh)

Open-
Loop

Closed-Loop
Reservoir

Closed-
Loop
Cooling
Tower

Hybrid
Cooling

Air-Cooling

Thermal

Fuel Technology

Coal

35,000
(£15,000)

450
(£150)

550
(£50)

between

<100

Muclear

42,500
(£17,500)

200
(£300)

950
(+150)

between

<100

Matural Gas Combustion
Turbine

negligible

negligible

negligible

negligible

negligible

Matural Gas Combined-
Cycle

13,750
(6,250)

155

(£25)

230

between

Integrated Gasification
Combined-Cycle

not used

not used

T

400
(+110)

between

Concentrated Solar
Power

not used

not used

T

240
(£80)

between

Non-
Thermal

Wind

none

none

none

none

Photovoltaic Solar

none

none

none

none

T . . . .
Estimated based on withdrawal and consumption ratios

Ashlynn S. Stillwell, Carey W. King, Michael E. Webber, lan J. Duncan, and Amy Hardberger.
University of Texas at Austin and Environmental Defense Fund. Energy-Water Nexus in
Texas. Austin, TX. April 2009.
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Supplemental: Water consumption by fuel and
cooling technology

Table 1.2. Water consumption reported volumes for different fuels and cooling technologies. Air-cooling requires

negligible water and is compatible with all of the technologies listed [17, 25-27]

Cooling Technologies — Water Consumption (gal/MWh)
Closed-
Open- Closed-Loop Loop Hybrid
Loop Reservoir Cooling Cooling
Tower
Coal _ 385 60
300 (115) 4180 between (£10)
Nuclear 625 60

400 (+225) 720 between (+10)

Air-Cooling

Matural Gas Combustion

Turbine
Thermal —

Natural Gas Combined- 130
atural taa ompine ].'DD 180 between

Cycle (+20)
Integrated Gasification ot used ot used 350 between
Combined-Cycle . (£100)
Concentrated Solar 840
not used not used between
Power (+80)
Non- Wind none none none none
Thermal Photovoltaic Solar none none none none

+ . . . .
Estimated based on withdrawal and consumption ratios

negligible negligible negligible negligible negligible

T

Fuel Technology

Ashlynn S. Stillwell, Carey W. King, Michael E. Webber, lan J. Duncan, and Amy Hardberger.
University of Texas at Austin and Environmental Defense Fund. Energy-Water Nexus in
Kelly Twomey
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Supplemental: Water consumption by water
source

Table 1.6. Water consumption for thermoelectric power with the estimate from this report listed for 2006.
Thermoelectric Power - Water Consumption

Groundwater

acre-feet/
Fresh

: A3 (555 Mgal/d. 622.000 ac-ft/yr)

: ter consumption estimate for this report. Using data from TCEQ. TWDB.
stakeholder 1 ]_T.lI. ut, mll gener: 11 gal kWh” consumption factors. See Appendix C.

¢FrofS mMmdc FNRBY YAy3IsS [/ FNBezX S Ftd bHb2FGSNI5SYFYR t NRr2SOi
(2008), Available : http://www.twdb.state.tx.us/wrpi/data/socio/est/Final pwr.pdf. Kelly Twomey
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Supplemental: Unit electricity consumption for
wastewater treatment plants

Ashlynn S. Stillwell, Carey W. King, Michael E. Webber, lan J. Duncan, and Amy Hardberger.
University of Texas at Austin and Environmental Defense Fund. Energy-Water Nexus in
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