
 

NREL supercomputing model provides
insights from higher wind and solar
generation in the Eastern power grid
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NREL’s David Palchak, co-author of the Eastern Renewable Generation
Integration Study, examines data visualizations developed with computing
resources in NREL’s Energy Systems Integration Facility. Credit: National
Renewable Energy Laboratory

A new study from the United States Department of Energy's (DOE)
National Renewable Energy Laboratory (NREL) used high-performance
computing capabilities and innovative visualization tools to model, in
unprecedented detail, how the power grid of the eastern United States
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could operationally accommodate higher levels of wind and solar
photovoltaic generation. The analysis considered scenarios of up to 30
percent annual penetration of wind and solar.

Whereas previous studies have investigated operations in one-hour
intervals, NREL's Eastern Renewable Generation Integration Study
(ERGIS) analyzed a year of operations at 5-minute intervals, the same
real-time interval used by grid operators for scheduling resources.

"By modeling the power system in depth and detail, NREL has helped
reset the conversation about how far we can go operationally with wind
and solar in one of the largest power systems in the world," said the
Energy Department's Charlton Clark, a DOE program manager for the
study. "Releasing the production cost model, underlying data, and 
visualization tools alongside the final report reflects our commitment to
giving power system planners, operators, regulators, and others the tools
to anticipate and plan for operational and other important changes that
may be needed in some cleaner energy futures."

For the study, NREL produced a high-resolution model of the entire
Eastern Interconnection, including Canada, an important power trading
partner with the United States. NREL modeled more than 5,600
electricity generators and more than 60,000 transmission lines in a power
system that spans from Florida to Maine and portions of Canada and as
far west as New Mexico.

ERGIS considered four hypothetical scenarios to analyze how the
Eastern Interconnection might function in 2026, when the power system
could have significantly less power generation from fossil fuels. The
scenarios vary according to how wind, solar, and natural gas are used to
replace the fossil fuel generators. The scenarios also differ according to
the amount of new transmission lines that are assumed. Simulations
occur in a modeling framework that mirrors the security constrained unit
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commitment (SCUC) and economic dispatch (SCED) process used by
system operators. The SCUC and SCED determine the operation of the
power system according to a variety of constraints, including marginal
costs and defined operating reserve requirements. The capital costs, land
use and siting, market design, gas pipeline, and other factors that would
need to be addressed under the scenarios were not considered. This study
also did not look at all aspects of reliability considered by system
planners and operators, including system dynamics and AC power flow. 

"Our work provides power system operators and regulators insights into
how the Eastern Interconnection might operate in future scenarios with
more wind and solar energy," said Aaron Bloom, NREL project leader
for the ERGIS study. "More importantly, we are sharing our data and
tools so that others can conduct their own analysis."

Among other findings, ERGIS shows that as wind and solar power
generation increase:

The operation of traditional power sources (such as coal, natural
gas, and hydropower) changes —Turning up or down more
quickly to accommodate seasonal and daily variations of wind
and solar in order to maintain the balance between demand and
supply. In addition, traditional generators would likely operate
for shorter periods of time as wind and solar resources meet
more of the demand for electricity.
Flows of power across the Eastern Interconnection change more
rapidly and more frequently. During periods of very high wind
and solar generation (e.g., 40 percent or more of daily load),
model regions trade frequently and in large volumes according to
new net load patterns.
Regulatory changes, market design innovation, and flexible
operating procedures are important to achieving higher levels of
wind and solar. Looking at a year of operations at a 5-minute

3/5

https://phys.org/tags/solar+power+generation/
https://phys.org/tags/solar+power+generation/
https://phys.org/tags/high+wind/


 

level, ERGIS shows that the power system can meet loads with
variable resources-like wind and solar-in a variety of extreme
conditions. However, technical feasibility depends on other
transmission and generation operators providing the necessary
ramping, energy, and capacity services; wholesale market design
changes; and various capital expenditures, all of which will have
financial and other implications that may need to be addressed
and were outside of this study.

Fast Facts from the Analysis

The maximum penetration of wind and solar was 60 percent over
a five-minute interval.
The maximum annual curtailment of wind and solar was 6.2
percent.
Wind and solar generation result in a 30 percent reduction in
generation and commitment from coal and natural gas plants in
the high wind and solar scenarios.
Over the baseline scenario, CO2 emissions were reduced by up to
33 percent annually in our high wind and solar scenarios.

Peregrine Supercomputer: Power for an Efficient,
Integrated Energy Future

NREL developed new modeling and analytical approaches that were
executed using Peregrine, the lab's ultra-efficient supercomputer.
Peregrine has a peak performance of 2.25 petaflops (2.25 million billion
calculations per second). That combination of computing power and
innovative modeling techniques enabled NREL to remove simplifying
assumptions included in other power systems models, increase fidelity of
the modeled results, and reduce the processing time for ERGIS
calculations from 19 months on a desktop computer to 19 days. The
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ERGIS team also took advantage of additional resources in NREL's
Energy Systems Integration Facility.

"We developed visualization tools that allow us to see how energy moves
through the grid in space and time, and through those tools we could see
patterns and events that weren't visible in the static data points and
plots," said Bloom.

The full ERGIS report and accompanying tools are available at 
NREL.gov/ERGIS.
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