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Introduction

e Thermoelectric power plants - 39 percent of the
total fresh water withdrawn in the U.S.

 Water Is used for cooling and emissions
scrubbing.

e The purpose of this presentation is to further
llustrate how water withdrawal and consumption
rates relate to thermoelectric energy production in
the United States.




Methods

Based upon two surveys from the Energy
Information Agency (EIA)

2001-2005/6
Power survey — 5,051 facilities, comprehensive

Water survey — 745 non-nuclear, thermoelectric
facilities, greater than 100 megawatts

Compiled, analyzed and geocoded



Cooling Types

 Open loop and Closed loop
« Further divided into 7 categories

Table B1. Cooling types listed.

Code | Cooling System Description

OC Once through with cooling pond(s) or canal(s)
OF Once through, fresh water

OS Once through, saline water

RC Recirculating with cooling pond(s) or canal(s)
RF Recirculating with forced draft cooling tower(s)
RI Recirculating with induced draft cooling tower(s)
RN | Recirculating with natural draft cooling tower(s)




Cooling Types

 Open loop freshwater — highest withdrawal
 Eastern U.S. — highest withdrawal
e Symbol size change
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Water Consumption Rates for Select* Power Plants
By Cooling Type (Averaged 2001-2005)

Figure B3. Consumption rates by cooling type.




Cooling Types

®
e Logarithmic scale

e Through time
« Withdrawal — distinct grouping

Efficiency of Energy Production
for Water Consumption by Cooling Type (USA)
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Figure BS. Efficiency of water consumption.




Cooling Types

 No temporal component
« Withdrawal — distinct grouping
« High variability at low production capacities

Water Consumption (Logarithmic)
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1000
»
-» [ ]
L
-
100 **'.“ ., N s+ OC
= = *s [ .
c » e, .t et “ * + OF
o o 7 | & ) Rt .. .
I L R ot ot TLAT I 0s
I [ - e
Ly IR Be, o 3 . L
= LA AR ) s RC
+* f »
L 11L& ¥ >* = e RF
s 4 PR
o Sl e RI
0.1 =% —*, . RN
*
001 T T T T T T T
(en] (=] (=] o (s (s (s [s=] o
o [sn] o [s=] [s=] [s=] (s [a=]
= 8 B8 R B 8 B B8

Open; Cooling ponds or canals
Open; fresh water
Open; saline water

Summer Cap Power
1.0 Me gaWatt

RC - Closed; cooling ponds or canals
RF - Closed; tower w/ forced draft
RI- Closed; tower w/ induced draft
RN - Closed; tower w/ natural draft

Figure B7. Summer cap power vs. consumption.




Supply Curve Analysis

Non-cumulative rates of water use (y-axis)

Cumulative increases in power generation (x-axis)
Visible “steps”

Area where large increase in water use corresponds to a
small increase in power

Supply Curve of Power Generation
vs. Water Consumption "Cost" (USA)
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Figure B9. Supply curve for power vs. “cost” in consumed water.




Supply Curve Analysis

Both Cumulative

Totals for water use rates vs. power production for the U.S.

“Points of departure”

Cumulative Summer Cap Power Generation
vs. Water Consumption
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Figure B11. Cumulative power vs. cumulative consumption.
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Table C1. Fuel source categories and subcategories.

Power Plants Built in the USA
By Fuel Type (1885-2006)
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Figure C2. Power plants built through time.




GAS
GEOTHERM
HYDRO
NUCLEAR
oIL

OTHER
SOLAR

WASTE HEAT
WIND

Water Consumption Rates for Select” Power Plants (USA)
(Averaged 2001-2005)

Figure C4. Relative water consumption rates across the US.




Efficiency of Energy Production
Water Consumption through Time by Industry Type (USA)

& BIOh

o
-

0.01

0.001

0.0001

o
=z
o
o
f=1
(141
O~
3=
Ex
EU
=3
[ B
iy —
=]
© 3
2
-
Sx
=
£
=
Lol
=
(=]
L]

0.00001

Figure C6. Efficiency of water consumption for power through time.




Summer Cap Power Generation
vs. Water Consumption
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Figure C8. Summer cap power vs. consumption by fuel type.




Number of Plants

Cooling Types divided by Fuel Type
Select* Power Plants (USA)

oc RN oT

OC - Open; Cooling ponds or canals Cooling Type RC - Closed; cooling ponds or canals

OF - Open; fresh water RF - Closed; tower w/ forced draft

OS - Open; saline water RI - Closed; tower w/ induced draft
RN - Closed; tower w/ natural draft

*Organic fuel or combustible renewable steam-electric plants with a
nameplate rating of 10 megawatts or greater

Figure E2. Cooling types subdivided by fuel type.




 Increased seVve
e Palmer Drought

")

* Drought vs. Low Pre

B~

bl
Table D1. PDI rating system.
PDI score Condition
4.00 or more Extremely wet
3.00to 3.99 Very wet
2.00to 2.99 Moderately wet
1.00to 1.99 Slightly wet
N 0.50 to 0.99 Incipient wet spell
' 0.49 to -0.49 Near normal
-0.50to -0.99 Incipient dry spell
1 -1.00to -1.99 Mild drought
| 3 -2.00to -2.99 Moderate drought
-3.00t0 -3.99 Severe drought
) -4.00 or less Extreme drought
i
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Figure D3. Water consumption in drought areas.




Conclusions

 Water use efficiency depends primarily upon
cooling type

« Majority of open loop, freshwater facilities are
older and coal-fired

 Open loop, freshwater plants withdraw the most
water and may be the most vulnerable to
prolonged drought
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Opportunities

Improving data set
Analyses for individual states

“Steps” in supply curves show potential areas of
targeted improvement

Proactively address energy security threats and
water scarcity with existing technology

Endless research potential
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