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State-of-the-art analysis of the U.S., 
Canada, and Mexico power systems, 
from planning through operations

• Long-term pathways to a modern power system in North 
America

• Operational feasibility of very high-penetration scenarios
• Weather variability and uncertainty
• Value of enabling technologies: flexible hydro, thermal 

generation, demand response, storage, transmission
• Value of operating practices: interchange, enhanced scheduling, 

local generation, reserve provisions

WHAT WE’RE STUDYING

The North American Renewable Integration Study



INFORMING
grid planners, operators, 
market participants, and 
regulators of challenges and 
opportunities for the grid

ENABLING
stakeholders to deepen and 
extend their understanding of 
renewables and modern 
power systems

CREATING
a framework for future 
analysis

- Is it reliable and affordable?

- What operating practices and technologies help the 
most?

- Are the “solutions” robust?

- What is the benefit of inter-regional and cross-
border cooperation?

- Creating and disseminating new data

- Pioneering and deploying new methods and 
computational tools 

- Stability (i.e., frequency, transient, voltage)

- Resilience to extreme events (e.g., weather)

Accelerating Grid Modernization in North America



Behind-
the-meter 
buildout

DISTRIBUTED 
GENERATION 

MODEL:

NREL dGen

Transmission 
and 

generation 
buildout

CAPACITY 
EXPANSION 

MODEL:

NREL ReEDS

Operational 
analysis: 
5-minute 

resolution, 
reliability, 
resiliency 
analysis

OPERATIONAL 
(PRODUCTION) 

MODEL:

Energy 
Exemplar 
PLEXOS

SCENARIOS:
What gets built and where? 

How is it operated?
How does it compare to other scenarios?

DATA:
wind, water, solar resource; thermal 

plant data; 
power system data

How It Works: 
Modeling Flow

DEEPER ANALYSIS:

Power flow

Reliability

Electrification (hourly 
profiles)

Generation siting



Input Data

Data sets are developed almost entirely based on public data, processed 
using novel, replicable methods

DATA 
DEVELOPMENT

ReEDS dGen PLEXOS



The Scenarios Four overarching pathways for 
North American electric power 
system evolution through 2050



The Scenarios Four overarching pathways for 
North American electric power 
system evolution through 2050



Wind Resource Dataset
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Domain A
• Vaisala Wind Toolkit
• 2007-2013
• Continuous United 

States

Domain B
• NREL Created using 

similar method
• 2010-2013
• Canada

Domain C
• 2009-2013
• Southern Mexico

5-minute resolution
2km x 2km spatial 
resolution
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Extreme Weather Event Analysis



Solar Resource Dataset
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National Solar Radiation 
Database

• 1998 – 2014

• 30-minute 
resolution

• 4km x 4km spatial 
resolution
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Inter-Annual Variability of Potential 
Generation

• Multiple years 
of weather data 
to be used for 
Production Cost 
Modeling



• Runs on NREL's Peregrine supercomputer

• Serves as a pipeline for coupling energy models (e.g., ReEDS and PCM)—boiling down 
immense amounts of data into the precise scenarios each model requires

• Enables detailed techno-economic assessment of renewable energy resources under a 
variety of regulatory, sociopolitical, and environmental factors

reV: Renewable Energy Potential Model

How Do We Make Sense of Petabytes of Data?
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The Renewable Energy Potential 
(reV) model

Capacity Expansion Models

Production Cost Models
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NARIS Siting Visualization Tool



NREL    |    17

Minnesota Zoom-In 



But What About Forecasts?

Production Cost Modeling
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Unit Commitment and Economic Dispatch
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24-Hour Optimization 24-Hours of Look-AheadDay-ahead 
Simulation

Intra-day 
Simulation

Coal Commitment, Hydro/Storage dispatch

4-Hour 24-Hours of Look-Ahead

Real-time 
Simulation

Updated 
Wind/Solar 
Forecast

Actual 
Wind/Solar

Combined Cycle Commitment

Single Period (Hourly/5min)

PCM Simulation Phases
Day-Ahead 
Wind/Solar 
Forecast
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NARIS Data Summary

• NARIS built on highly resolved 
spatial and temporal resource data

• Multi-year analysis allows for more 
robust understanding of power 
system operations under high 
variable generation

• Enable deeper understanding of 
operations during specific weather 
events (not just hurricanes) 

• The datasets are public
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Dataset access:
Wind Toolkit:
https://www.nrel.gov/grid/wind-toolkit.html
NSRDB:
https://nsrdb.nrel.gov/
Wind Toolkit Viewer:
https://nrel.github.io/hsds-viz/

https://www.nrel.gov/grid/wind-toolkit.html
https://nsrdb.nrel.gov/
https://nrel.github.io/hsds-viz/

