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Brief, not total

A brief history of ReEDS
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ReEDS was born on a basic premise

“The large scope and focus on today’s dominant conventional 
energy forms [in existing models] do not allow a detailed 
treatment of the more important issues for wind energy 

technologies.” 

From: Short, W., N. Blair, D. Heimiller, and V. Singh (2003). 
Modeling the long-term market penetration of wind in the 

United States
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The Evolution of 
ReEDS

Spreadsheet model uses geospatial data for regional grid planning

DOE funds WinDS optimization model; documentation and 
first analysis is presented at AWEA in 2003

WinDS becomes Regional Energy Deployment System (ReEDS)

Powered by ReEDS, the Renewable Electricity Futures Study is 
released—the catalyst for a decade of visionary studies

ReEDS is re-coded for improved efficiency and capabilities

NREL releases ReEDS as an open-access tool

ReEDS gains new spatial and temporal flexibility

1999

2001

2008

2012

2017

2019

2023

Photo by Josh Bauer and Bryan Bechtold, NREL
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Continual advancement is possible by the broader ReEDS team 



Overview

What does ReEDS do?
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What does ReEDS do?

Given a set of input assumptions, ReEDS simulates the evolution and operation of US 
generation, storage, transmission, and some carbon mitigation technologies
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How does ReEDS work?

ReEDS uses optimization to identify the least cost investment and operation of grid assets that 
simultaneously meets load, all other electricity service requirements, and other physical, 

environmental, or policy constraints.

Regulations Load

Ancillary ServicesPower-flow

Fossil Nuclear

RenewablesTransmission

Storage
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Key inputs: Existing and Planned Capacity
2022 Generation and Transmission Capacity

Marker size ∝ capacity

Generation capacity based on data from the 
U.S. Energy Information Administration (EIA) 
National Energy Modeling System (NEMS)

Interface transmission limits derived from 
transmission data from The North American 
Renewable Integration Study​ (NARIS) using a 
“maximum potential flow” optimization



NREL    |    11

Key inputs: Demand and Technology Parameters

Demand Technology cost & performance

EFS: https://www.nrel.gov/analysis/electrification-futures.html 
AEO: https://www.eia.gov/outlooks/aeo/ 

Annual Technology Baseline (ATB): https://atb.nrel.gov/ 

+ Fuel costs from EIA Annual Energy Outlook (AEO)
+ Interconnection spur line costs

https://www.nrel.gov/analysis/electrification-futures.html
https://www.eia.gov/outlooks/aeo/
https://atb.nrel.gov/
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Key inputs: Renewable Resource Availability
Temporal availability Spatial availability

Open
access

Reference
access

Limited
access

Utility-scale PV Land-based wind

180 TW 15 TW

96 TW 7 TW

35 TW 2 TWNSRDB: https://nsrdb.nrel.gov/
WTK: https://www.nrel.gov/grid/wind-toolkit.html
SAM: https://sam.nrel.gov/

https://github.com/NREL/reV

https://nsrdb.nrel.gov/
https://www.nrel.gov/grid/wind-toolkit.html
https://sam.nrel.gov/
https://github.com/NREL/reV
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Key inputs: State and National Policies

The Prospective Impacts of 2019 State Energy Policies on the U.S. Electricity System (Mai et al., 2020)

Regional and state policies National policies

Existing and possible policies related to:
• Renewable Portfolio Standard / Clean Energy Standard [%]
• Emissions rate constraint [gCO2/kWh]
• Technology-specific incentives (ITC, PTC, 45Q, etc.)

(Updated annually)

Including state-specific:
• Mandates and RPS carve-outs (e.g., offshore wind, solar)
• Technology deployment constraints (e.g., nuclear)
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Key Outputs: Capacity and Generation

Firm
capacityCapacity Generation

Operating
reserves

ILLUSTRATIVE modeling results
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Transmission capacity expansion between model zones (134 zones shown)
Including AC, DC, and interties

Key Outputs: Transmission

ILLUSTRATIVE modeling results
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Key Outputs: System Costs and Average Prices

Marginal price System cost Retail rateNPV of costs over 
full model horizon

ILLUSTRATIVE modeling results
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Key Outputs: Emissions and Health Impacts

Emissions (CO2, CH4, SO2, NOx) Health impacts

ILLUSTRATIVE modeling results
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ReEDS has numerous features and options tailored 
to study emerging grid trends 

• 7-years of hourly data helps characterize firm 
capacity credit and curtailment

• Technologies are differentiated by sub-types, 
vintages, performance, and resource classes

• Spatial and temporal flexibility enables high-
resolution regional case studies

• Endogenous CO2 and H2 production, transport, 
and storage facilitates new scenarios

ILLUSTRATIVE modeling results



A few examples

How is ReEDS used?
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Identifying decarbonization pathways 
for the electric sector

80% renewable 
by 2050

Zero-carbon 
by 2050

Renewable Electricity 
Futures Study (2012)

Zero-carbon 
by 2035

Solar Futures Study 
(2021)

20% wind 
by 2030

20% Wind Study 
(2008)

100% Clean Energy by 
2035 Study (2022)

https://www.nrel.gov/docs/fy08osti/41869.pdf https://www.osti.gov/servlets/purl/1338443/ https://www.energy.gov/sites/default/files/
2021-09/Solar%20Futures%20Study.pdf 

https://www.nrel.gov/docs/fy22osti/81644.pdf 

https://www.nrel.gov/docs/fy08osti/41869.pdf
https://www.osti.gov/servlets/purl/1338443/
https://www.energy.gov/sites/default/files/2021-09/Solar%20Futures%20Study.pdf
https://www.energy.gov/sites/default/files/2021-09/Solar%20Futures%20Study.pdf
https://www.nrel.gov/docs/fy22osti/81644.pdf
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Exploring impacts of technology innovation

Hydropower 
Vision (2016)

Electrification 
Futures (2021)

Storage 
Futures (2021)

Wind Vision 
(2015)

https://www.energy.gov/sites/prod/files
/wv_executive_summary_overview_and

_key_chapter_findings_final.pdf 

https://www.energy.gov/sites/default/files/
2018/02/f49/Hydropower-Vision-021518.pdf https://www.nrel.gov/docs/fy21osti/72330.pdf https://www.nrel.gov/docs/fy21osti/77449.pdf 

https://www.energy.gov/sites/prod/files/wv_executive_summary_overview_and_key_chapter_findings_final.pdf
https://www.energy.gov/sites/prod/files/wv_executive_summary_overview_and_key_chapter_findings_final.pdf
https://www.energy.gov/sites/prod/files/wv_executive_summary_overview_and_key_chapter_findings_final.pdf
https://www.energy.gov/sites/default/files/2018/02/f49/Hydropower-Vision-021518.pdf
https://www.energy.gov/sites/default/files/2018/02/f49/Hydropower-Vision-021518.pdf
https://www.nrel.gov/docs/fy21osti/72330.pdf
https://www.nrel.gov/docs/fy21osti/77449.pdf
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Mulisectoral interactions with the electric sector

Energy-Water-Climate Interactions Grid-Economy Interactions

https://www.osti.gov/pages/servlets/purl/1576487 https://www.worldscientific.com/doi/abs/10.1142/S2010007818400158 

https://www.osti.gov/pages/servlets/purl/1576487
https://www.worldscientific.com/doi/abs/10.1142/S2010007818400158
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NREL’s Standard Scenarios

2023 marks the 9th edition of a report on a wide range of 
possible futures for the U.S. electric sector

Report Scenario Viewer and Downloader Cambium Database
(hourly metrics for a subset of scenarios)

https://www.nrel.gov/docs/fy24osti/87724.pdf https://www.nrel.gov/analysis/standard-scenarios.html 

https://www.nrel.gov/docs/fy24osti/87724.pdf
https://www.nrel.gov/analysis/standard-scenarios.html
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Dozens of scenarios reflect the latest thinking about 
possible U.S. electric sector futures

Scenarios Grid Mixes

CostEmissions
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Expanded analysis with external users

https://www.sciencedirect.com/science/article/pii/S03605442240049
97 

https://www.sciencedirect.com/science/article/pii/S104061902300101X 

https://www.nature.com/articles/s41467-022-35098-4 

https://www.nber.org/papers/w28677 

https://repositories.lib.utexas.edu/items/
0512ad20-dfb0-4baf-a688-4e20e4908ed5 

https://ieeexplore.ieee.org/abstract/document/10455284 

https://www.sciencedirect.com/science/article/pii/S0360544224004997
https://www.sciencedirect.com/science/article/pii/S0360544224004997
https://www.sciencedirect.com/science/article/pii/S104061902300101X
https://www.nature.com/articles/s41467-022-35098-4
https://www.nber.org/papers/w28677
https://repositories.lib.utexas.edu/items/0512ad20-dfb0-4baf-a688-4e20e4908ed5
https://repositories.lib.utexas.edu/items/0512ad20-dfb0-4baf-a688-4e20e4908ed5
https://ieeexplore.ieee.org/abstract/document/10455284


Become a user

How to access and use ReEDS
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Download and use ReEDS yourself

https://www.nrel.gov/analysis/reeds/ https://github.com/NREL/ReEDS-2.0 

https://www.nrel.gov/analysis/reeds/
https://github.com/NREL/ReEDS-2.0
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Collaborate with the NREL ReEDS team

• ReEDS staff listing: 
https://www.nrel.gov/analysis/reeds/staff.
html 

• Information on NREL partnerships: 
https://www.nrel.gov/workingwithus/ 

• Information on NREL internships: 
https://www.nrel.gov/careers/internships.
html 

• U.S. Department of Energy funding 
opportunities: 
https://www.energy.gov/funding-financing 

• NREL is eligible and interested in a wide 
variety of non-DOE funding opportunities

https://www.nrel.gov/analysis/reeds/staff.html
https://www.nrel.gov/analysis/reeds/staff.html
https://www.nrel.gov/workingwithus/
https://www.nrel.gov/careers/internships.html
https://www.nrel.gov/careers/internships.html
https://www.energy.gov/funding-financing
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So, in Conclusion:

1. ReEDS is a continually evolving, versatile tool to explore 
power sector futures using a variety of performance, 
economic, and environmental metrics.

2. The model has advanced features tailored to study 
renewable energy and other technologies, policies, and 
institutions directed towards decarbonization.

3. You can become a ReEDS user by downloading the source 
code and/or working with the ReEDS team.



www.nrel.gov/analysis/reeds 
  Stuart.Cohen@nrel.gov

Photo from iStock-627281636

NREL/PR-6A40-89903

Thank You. Questions?

This work was authored 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-AC36-08GO28308. Funding provided by the 
U.S. Department of Energy Office of Energy Efficiency and Renewable Energy. The views expressed in the article do 
not necessarily represent the views of the DOE or the U.S. 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.
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Clayton Barrows
NREL Power Grid Researcher 
and Sienna Developer 

June 11| 10 a.m. MT | 12 p.m. ET

www.nrel.gov/grid/powered-by-webinar-series.html

Up Next…
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