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Climate change affects energy demand, thermal

power plant performance, and water resources for
cooling and hydropower.

* Rising temperatures

— Higher electricity load with higher peaks

— Reduced thermal plant efficiency

— Cooling water discharge temperature limits
* Changing water cycle

— Hydropower availability

— Cooling water availability and quality

e Other short- and long-term impacts, e.g., wind/solar resource .
changes, extreme weather events 'R
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Innovative approaches are required to integrate

climate-water-electricity models and data

* Global climate model data must be downscaled and processed
for use in water-energy models.

* Water and electricity models must represent climate impacts.
* Water and electricity models can be difficult to combine.

Craig et al., 2022 offers a great summary of climate-energy model disconnects:
https://www.sciencedirect.com/science/article/pii/S2542435122002379
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Exploring hydropower availability
reduction with a grid-only model




A grid planning model can study first-order grid

impacts of reduced hydropower availability

Climate change and environmental n
constraints could reduce hydropower ReEDS
availability. ' )

NREL's Regional Energy Deployment
System (ReEDS) model can explore
alternative hydropower futures.
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Scenarios include declining hydropower availability

and alternative grid futures

* Focus on the U.S. Western Interconnect, where hydropower is more influential.
* Electricity scenarios vary decarbonization and demand.

— MID: all default model assumptions from 2022 Standard Scenarios

— DECARB: requires 95% CO2 reductions by 2050 relative to 2005

— HIDEM: high electrification scenario from NREL Electricity Futures

* Declining hydropower scenarios reduce hydropower energy (not capacity) from 2022
to 2030 where it remains fixed thereafter.

— 10/30/60% reductions in OR/WA (OW)
— 30/60/90% reductions in CA (C)
— Combination scenarios for each of the low/mid/high levels

— Baseline scenario with constant hydropower availability for comparison

Preliminary: Do Not Cite or Distribute NREL | 7


https://www.nrel.gov/docs/fy23osti/84327.pdf
https://www.nrel.gov/analysis/electrification-futures.html
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* Costs are higher with deeper decarbonization or higher demand.

but sometimes negligibly.

]

* Reduced hydropower often increases system cost

e Cost impacts are slightly greater with high demand.

NREL | 9

Preliminary: Do Not Cite or Distribute



Integrated grid+hydrology modeling for
power sector water risk assessment




An integrated multi-model workflow can

GRID MODELING

incorporate climate-energy-water feedbacks

Scenarios |

DATA DEVELOPMENT

High-resolution river
network topology

Power generation
assets

Future climate

(System feedback and evolutions

HYDROLOGIC MODELING

PLEXOS
PRAS
ReEDS™

conditions

Hydro and thermal power

Aquatic
habitat risk

Reservoir modeling

Water balance and routing

- High resolution energy-water modeling

- Visualization and analysis tool

STAKEHOLDER PROCESS
Scenario co-design

Feedback on research

Feedback on tool

WATER RISK ASSESSMENT

Existing and future asset analysis
Power system analysis
Climate impact and adaptation
Infrastructure impact on water resources

Thermal and flood risk
Visualization tool

- Stakeholder engagement
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Ongoing analysis explores a wide range of climate

and electricity futures

* 6 Climate scenarios span a range of temperature and precipitation futures: ACCESS-
CM2, BCC-CSM2-MR, CNRM-ESM2-1, MPI-ESM1-2-H4, MRI-ESM2-0, NorESM2-MM
(all using SSP5-85) are compared to static historical climate scenarios.

* Electricity scenarios span vary load, carbon emissions, and water use.
Mid case (ref) Default input data and assumptions

Low Carbon (loC)-Low Water Use (loW) Low-cost wind, solar, batteries; 100% CO, reduction in 2050

loC-High Water Use (hiW) loC + high-cost wind, solar, batteries; low-cost small modular
nuclear, CCS

High Demand (hiD) High electricity demand driven by electrification

hiD-loC-loW hiD + loC + loW assumptions

hiD-loC-hiW hiD + loC + hiW assumptions
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https://iiasa.ac.at/models-tools-data/ssp

Electricity scenarios have disparate water and

emissions impacts
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The response to future temperature rise depends

on electricity scenario and temperature pathway
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The next analysis phase will feed back asset-level

climate-water constraints to the grid model

1. Downscale temperature projections for ReEDS.

2.  Run ReEDS with future temperature to produce grid

. . o _ =~ Complete
infrastructure without considering water impacts.

3. Run hydrology and thermal/hydropower asset models with -
future climate-water impacts on future ReEDS infrastructure.
Assess generator availability relative to the ReEDS solution.

4. Feed back adjusted availability factors to ReEDS and re-runto =

produce climate-water impacted grid. —Next

Results will reveal asset and regional climate-water risks
on power system investment and operation NREL | 15



Conclusions and Insights

1. Multisystem/multisector insights are possible without
complex model coupling, but coupling enables richer
exploration of feedbacks.

2. Reduced hydropower availability affects fossil and renewable
technologies in nuanced and scenario-specific ways.

3. The decarbonization strategy can strongly influence how
climate change impacts the grid.



Thank You. Questions?

www.nrel.gov Stuart.Cohen@nrel.gov

NREL/PR-6A40-87728

This work was authored in part by the National Renewable Energy Laboratory, operated by Alliance for Sustainable
Energy, LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided

by the U.S. Department of Energy Grid Modernization Initiative and the U.S. Department of Energy Grid "E“
Deployment Office. The views expressed in the article do not necessarily represent the views of the DOE or the U.S. u ]
Government. The U.S. Government retains and the publisher, by accepting the article for publication, acknowledges =

=
that the U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce .
the published form of this work, or allow others to do so, for U.S. Government purposes. Transforming ENERGY



mailto:Stuart.Cohen@nrel.gov



