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Surface Water Supply Stress (1999-2007)

WaSSI based on All Demands
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What are the implications for water resources of different
electricity portfolios out to 2050?
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ReEDS (Regional Energy Deployment) Model
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Wind/CSP Region

 Spatially resolved into 356 wind/solar
regions, 134 balancing areas (BAs) for
demand and other renewables

* Serves load, meets planning and operating

Generation technologies
v" Coal (pulverized, IGCC, & IGCC-CCS)
v" Nuclear

v" Natural Gas (combustion turbine(NGCT),
combined cycle(NGCC), & CC-CCS)

Biomass (dedicated, cofired with coal,
landfill-gas/MSW)

Geothermal (hydrothermal & EGS)
Hydropower, Marine Hydrokinetic

<

AN

Solar (concentrating solar power & PV)
v" Wind (onshore & offshore)

Storage: pumped hydropower storage, CAES,
batteries

Demand-side technologies: plug-in
hybrid/electric vehicles (PHEVs), thermal energy
storage in buildings, interruptible load

reserves requirements, and obeys phy5|ca| See also: Short, W,; Sullivan, P.; Mai, T.; Mowers, M.; Uriarte, C,;

constraints Blair, N.; Heimiller, D.; Martinez, A. (2011). Regional Energy
Deployment System (ReEDS).NREL Report No. TP-6A20-46534.

Cooperative Institute for Research in Environmental Sciences

UNIVERSITY OF COLORADO BOULDER and NOAA @‘ @



Business as Usual: Electricity Portfolio
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Business as Usual: Water

Withdrawal Consumptive Use
—~ 20 = 16
O R
>; g 14
v O
% 40 3
- & 1.2
'O =
= 5
= 30 c |1
9O =
= = 0.8
= -
= 20 o
g = 0.6
1 =
= S5 04
; 10 —
T e 0.2
S
= 9 S
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

Macknick et al., 2012

Cooperative Institute for Research in Environmental Sciences
UNIVERSITY OF COLORADO BOULDER and NOAA @

X/



Business as Usual: Carbon Emissions
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Business as usual: emissions stable, concentrations increase
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Business as Usual vs. Carbon Budget
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carbon budget: 170 GT CO, ., by 2050
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Carbon Budget: Electricity Profiles
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Case Studies: Water & Climate
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Water Evaluation and Planning (WEAP) Model
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Colorado River Basin: Total Storage (million acre-ft)
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Colorado River Basin: Results
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Colorado River Basin: Results
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Groundwater
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=== Carbon Budget vs. Business as Usual
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Southeastern US: Temperature Results
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Southeastern US: Temperature Results
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Freshwater Use by U.S. Power Plants
ELECTRICITY’S THIRST FOR A PRECIOUS RESOURCE

A Report of the Energy and Water in a Warming World Initiative

'OPSC | ence Journals *  Login

Environmental Research Letters

Focus on Electricity, Water and Climate Connections
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Current Analysis: Climate Change
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What would the electricity portfolio have to look like in order
to accommodate these changing supplies and demands?

Cooperative Institute for Research in Environmental Sciences
UNIVERSITY OF COLORADO BOULDER and NOAA @

X/

CIRES



ReEDS (Regional Energy Deployment) Model
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 Spatially resolved into 356 wind/solar
regions, 134 balancing areas (BAs) for
demand and other renewables

* Serves load, meets planning and operating
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Solar (concentrating solar power & PV)
v" Wind (onshore & offshore)

Storage: pumped hydropower storage, CAES,
batteries

Demand-side technologies: plug-in
hybrid/electric vehicles (PHEVs), thermal energy
storage in buildings, interruptible load

reserves requirements, and obeys phy5|ca| See also: Short, W,; Sullivan, P.; Mai, T.; Mowers, M.; Uriarte, C,;
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Climate Scenario Selection

Scenario Selection: CMIP5

 Downscaled Temperatures (Reclamation, 2013)

* Hydrology (Wood & Mizukami, 2014)

e Colorado River Basin

* Summer/Fall Months (June—September)
Scenarios

* Hot-Dry, Hot-Wet, Mod Hot
Data Input

* Humidity, CDD, HDD, Water Availability

e Population: Ag, Municipal Water

2010 CMIP5 (2000-2019) 2030 CMIP5 (2020-2039)
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Model Name CMIP5 Scenario*
ACCESS1.0 RCP 8.5
CCsMm4 RCP 6.0
HadGEM2-A0 RCP 8.5
HadGEM2-ES RCP 8.5
MIROC-ESM-CHEM RCP 4.5
BCC_CSM1.1 RCP 8.5
CESM1(CAMS5) RCP 8.5
FGOALS-G2 RCP 4.5
INM-CM4 RCP 8.5
MPI-ESM-LR RCP 4.5
*All use rlilpl experiment

2050 CMIP5 (2040-2059)
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Thank you!

Kristen Averyt
University of Colorado Boulder

Associate Director for Science
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in Environmental Sciences
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Surface Water Supply Stress (1999-2007)
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