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Water Use in the Energy Sector
Water Withdrawal (BGD)
2005 1995 Water Consumption

Source: USGS 2018

4.3 BGD Thermoelectric (USGS 2018)
2.6 BGD Mining and Fuel Processing (DOE 2014)

322 BGD Total Withdrawals
Source: USGS 1998



Impacts Today
Water Extremes have 
impacted:
 Power plant operations 

(shown here),
 Hydropower operations,
 Impacted energy 

extraction, and
 Damaged production, 

transmission and 
processing facilities



Impacts Today

The Availability, 
Reliability and Cost 
of Water is 
Impacting the Siting 
of New Power 
Generation



Water-Energy Nexus
 2014 report kicked-off coordinated 

effort to address the Water-Energy 
Nexus

 Nature of program has evolved over 
the past three administrations

 Identified need for advanced 
technology, data, modeling and 
analysis to address the impacts of 
changing climate, population, policies 
and technologies on the Nexus 



Integrated Multi-Sector, Multi-Scale Modeling

Technical Challenge
• How will changes in extreme weather, economic 

development and other related stresses affect the 
performance and reliability of coupled energy-water 
systems? How best do we adapt to these changes?

• How do different model configurations, levels of complexity, 
multi-model coupling strategies, and spatiotemporal 
resolutions influence simulation fidelity and the propagation 
of uncertainties?



MOSART-WM

 Water Shortage and Scale
Colorado River Basin

Western
Interconnect

• How is water shortage impacted by changing 
climate conditions?

• How sensitive are estimates of water shortage to 
the scale and purpose of model?

RiverWare

Comparison of 
average water 
shortage CRSS 
(top) WM (below) 
for four future 
climate scenarios 
(2060)



Water Shortage and Scale
Models are fundamentally different—and 

thus yield different results

Difference in basin 
representation

Difference in 
operated reservoirs

Difference in treatment 
of inter- and intra-basin 
transfers that account 

for roughly 30% of 
demand

Difference in evaluation of water 
scarcity in terms of physical shortage 

and policy shortage

Both models subject to 
critical limitations—

understanding limitations 
required to interpret results



Water and Electric Sector Planning

Technical Challenge

• What potential risks to the reliability of the Bulk 
Electric System in the Western Interconnection 
would result through changes to the climate, and 
how would those changes impact the electrical 
reliability of the Western Interconnection?



Multi-Model Energy-Water Modeling Platform



Infrastructure and Climate Scenarios
Infrastructure expansion scenarios vary the possible future generation mix
1. REF: default ReEDS v2018 assumptions 
2. LOW.VG.COST: NREL ATB 2018 Low Cost case for wind and solar
3. HIGH.VG.COST: NREL ATB 2018 High Cost case for wind and solar
4. ELEC: NREL Electrification Futures High Technology Adoption, Moderate Technology 

Advancement case with moderate demand flexibility (in review)
Climate scenarios bound future temperature and precipitation
1. HISTORIC: Static historical climate conditions
2. IPSL85: Uses data from the IPSL climate model under RCP8.5 conditions
3. MIROC85: Uses data from the Miroc climate model under RCP8.5 conditions
4. IPSL45: Uses data from the IPSL climate model under RCP4.5 conditions
5. GFDL45: Uses data from the GFDL climate model under RCP4.5 conditions



Future Expansion Trends

 New deployment in these scenarios is primarily a combination of PV, wind, and natural gas
 The relative competitiveness of technologies depends on assumed technology costs and demand

REF.HISTORIC LOW.VG.COST.HISTORIC HIGH.VG.COST.HISTORIC ELEC.HISTORIC



Changes in Climate Impact Generation and 
Transmission Investment Decisions 

 Climate change primarily affects PV and gas capacity, with up to a 7% increase in total 2038 capacity
 Hotter climate requires more total capacity
 Wetter climate can reduce capacity needs with additional hydropower generation
 Electrification can reduce capacity needs through flexible demand
 Higher generation capacity typically leads to more transmission capacity
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Climate Impacts System Performance
System Costs

Emissions

Unserved 
Load and 
Reserve 
Margins

Water 
Withdrawals 
and 
Consumption



Climate Impacts on Hydropower Dispatch
Scenarios represent bounding cases of increased (HIFLEX) or decreased (LOFLEX) flexibility of the 
dispatchable (non-run-of-river) hydropower fleet.
HIFLEX: Dispatchable hydropower can vary power output from zero to its maximum rated 
capacity at any time of the year.
LOFLEX: Dispatchable hydropower produces constant output across a representative season 
(ReEDS) or month (PLEXOS) within energy limits.

Net load and hydro dispatch for LOW.VG.COST in PLEXOS, showing impact of hydropower flexibility on hourly dispatch. 

LOFLEX HIFLEX
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