WX PO P N

Western Water Assessment TR E S University of Colorado Boulder http://wwa.colorado.edu

The Energy-Water Nexus:
Challenges, Tradeoffs & Opportunities

April 3, 2014

AMS Washington Symposium

Kristen Averyt
University of Colorado Boulder

Associate Director for Science

Cooperative Institute for Research in Environmental Sciences
Director

Western Water Assessment



ME om0 P\

Western Woter Assessment 1R E S University of Colorado Boulder http://wwa.colorado.edu

The Energy-Water Nexus
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Water for Energy Collisions: 2006-2012
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Water for Energy

Withdrawals once-through cooling pond recirculating dry-cooled Consumption
| 1T 1 1 |
(gallons/ > (gallons/
- ‘ sl alda ‘ 1
w3 @ W H @ BB e O O b b wwn
Nuclear
60,000 1,200
™ Coal
50,000 I I 1,000 coa
[ .
40,000 I I . ] 800 4 Biopower
30,000 . ! - l 600 b Natural gas
|
20,000 n . N - 400 € Solar
10,000 B B ] [ ] = 200 o
[ O — oA Wind
0 - — — — —_— —_— — 0 12
S N Y “ N S S N Y ) o 9 %) >
& FEFS & &S & S8 FETEES S
Y S X.C O C 9 S NSO S5 NSO & NS =
S < Ly S S < & Ty & fy L &S [ | .
L S < < O QO S & S L ST 0O median
¥ &.£ Ay S WL v v o o5
<3 C <9 U <5 & <3S
§ IS s v 8
C C [e; Q
§
C

Water use at a given power plant is a function of
fuel type and cooling technology

Averyt et al., 2011; Macknick et al. 2012, National Climate Assessment, (in press)
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Water for Energy
Coal-fired power plant
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Water for Energy
Supplement coal plant with carbon capture and storage

CO; captured at oil sands
facility, upgrader or
power plant

CO, storage options:
~ 1. Deep-saline aquifers

2. Depleted oil and gas reservoirs
3. Salt beds or caverns

4. Unmineable coal beds

Decrease C emissions by ~90% per kWh
Increase water use by 90 to 100%
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Water for Energy

Nuclear Power Solar Power
S R (parabolic trough)

Decrease C emissions by >95% per kWh
Little change in water use
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Water for Energy
Wind Solar power (PV)

Decrease C emissions by >95% per kWh
Decrease water use by >95% per kWh
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Water for Energy
Replace coal plant with natural gas:

Decrease C emissions by ~50% per kWh
Decrease water use by ~30% per kWh
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Electricity Sector in Transition
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What are the implications for water resources of different

electricity portfolios out to 20507
Rogers et al., 2013
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Business as Usual: Water

Withdrawal Consumption
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Rogers et al., 2013; Macknick et al., 2012
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Business as Usual: Carbon Emissions
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Business as usual:

emissions stable, concentrations increase
Rogers et al., 2013; Clemmer et al., 2013
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Business as Usual vs. Carbon Budget
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carbon budget: 170 GT CO, ., by 2050

Rogers et al., 2013; Clemmer et al., 2013
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Energy for Water: Water Stress (1999-2007)

Water Supply Stress Index (WaSSl) - Withdrawal
All Demands, Average Surface Supplies 1999-2007
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. Averyt et al., 2013;
& ¥ of o of ¥ P P W National Climate Assessment, in press
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Skaggs et al., 2012
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Energy for Water
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Skaggs et al., 2012



oo wiZa\rN ) //A

Western Water Assessment TR E S University of Colorado Boulder http://wwa.colorado.edu

Risk & Resilience

Are power plants resilient to future
extreme weather?

Will there be enough power to get clean
water where it needs to be when it needs
to be there?
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