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Figure 1: Average hourly flexibility available from various sources in the study’s
Colorado focus region. Credit: National Renewable Energy Laboratory
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The Western Interconnection is an electric grid that connects power
from Canada down to Baja California, and from the Great Plains to the
Pacific. It also represents an electric system in transition: a steady
increase in renewable energy sources, especially solar photovoltaics
(PV), is presenting choices today with impacts that will last for decades.
As part of a multistate collaboration, the National Renewable Energy
Laboratory (NREL) has modeled and assessed long-term reliability and
integration impacts of solar PV growth in the western United States, with
broader lessons for power grids and renewable policies. 

The newly published reports cap NREL's contributions in support of the
Western Interstate Energy Board's (WIEB) project named "Enhanced
Distributed Solar Photovoltaic Deployment via Barrier Mitigation or
Removal in the Western Interconnection," funded by the U.S.
Department of Energy Solar Energy Technologies Office, and in
collaboration with Lawrence Berkeley National Laboratory.

"The rapid growth of distributed solar PV generation in the West
presents valuable opportunities to help states meet their clean energy
goals, but also presents potential challenges related to interconnection,
reliability, and rate-design barriers," said WIEB Director of State,
Federal, and International Affairs Holly Taylor. "WIEB was proud to
partner with research scientists at NREL in an effort to identify
opportunities that mitigate electric system reliability barriers to PV
deployment, and to bring the findings of this important work to WIEB's
western state partners."

NREL's latest reports specifically target reliability issues that future
grids will—and already do—face. The reliability issues were decided
with input from the project's technical advisory committee, which
included stakeholders from many utilities, regional and national
regulators, grid system operators, and independent analysis groups.
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"It was a unique experience to step back and gather information from
internal and external experts during project start-up," said Elaine Hale,
the project lead at NREL. "From that firm grounding, we were able to
study and present analysis on a range of timely issues."

The project team narrowed the potential challenges into four categories:
bulk dispatch, system planning, dynamic stability, and the distribution
grid. These categories were used to focus NREL analysis on several
facets of grid reliability, which were published in the series of NREL
reports. Summaries of the reports follow.

Power System Flexibility

In the report titled "Power System Flexibility Requirements and Supply,"
the project team considered the quantity of power system flexibility in
the West and its sufficiency for managing significant growth in solar PV
(see Figure 1). Following an analysis that applied NREL's Resource
Planning Model (RPM), as well as PLEXOS for simulating electricity
production, NREL found that the Western Interconnection has
considerable inherent flexibility, and under the PV integration scenarios
studied, there is plenty of ramping ability to manage fluctuations in net
load.

However, the authors note that flexibility in the Western Interconnection
is heavily dependent on transmission between regions—the dominant
sources of ramping vary by region, and each region's flexibility is
dependent on one another's ramping capability.

Resource Adequacy

Another of the NREL reports, titled "Resource Adequacy
Considerations," studies the availability of resources to serve future
loads during peak and other stressful conditions. In this report, NREL's
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Probabilistic Resource Adequacy Suite provided a probabilistic check of
RPM's heuristic methods for planning resources and estimating the firm
capacity contribution of PV. NREL found that the Western
Interconnection is overbuilt in general, with "extremely high levels of
capacity adequacy," and that the future buildouts computed by NREL's
models appear to have sufficient resources to serve peak net load with
PV penetrations of up to 33% under the conditions that NREL
simulated.

Indeed, the authors suggest that the planning reserve constraints used in
the Resource Planning Model may be conservative, leading to possibly
higher-than-necessary investment in capacity resources. Caution is in
order, however, as the authors also note that a more accurate
representation of the grid's planning reserve needs could be achieved
through studies that test NREL's results under a wider range of system
operating conditions and that use more detailed representations of
transmission and energy-limited resources.

Transmission Contingencies

Another report studied distribution-level impacts stemming from
simulated faults on real Western Interconnection transmission paths (see
Figure 2). Specifically, the report models the outcome of different
distributed energy resource responses defined under various revisions of
standard IEEE 1547. Depending on the specific response criteria
selected under the framework of IEEE 1547, the report finds that
distributed energy resources could ride through transmission-level faults
associated with wide-area and prolonged voltage events, thereby limiting
their impact on power reliability by keeping more distributed generation
online both during and subsequent to a disturbance. The report is titled
"Simulating Distributed Energy Resource Responses to Transmission
System-Level Faults Considering IEEE 1547 Performance Categories on
Three Major WECC Transmission Paths."
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Behind-the-Meter Solar Accounting

The report titled "Behind-the-Meter Solar Accounting in Renewable
Portfolio Standards" reveals how different accounting strategies might
affect progress toward renewable portfolio standard (RPS) goals. The
study examines accounting choices including whether a state recognizes
the loads served by behind-the-meter solar within its RPS, and whether
behind-the-meter solar is counted as renewable generation within the
RPS. NREL found that a common accounting practice among states
actually has the potential to decrease the total amount of renewable
generation in the state relative to if there were no behind-the-meter
generation, if the RPS is binding.

Power Inverter Influences on Stability

Related to the dynamic stability of power systems served by inverter-
based resources, the article titled "Stability and Control of Power
Systems with High Penetrations of Inverter-Based Resources: An
Accessible Review of Current Knowledge and Open Questions" reviews
literature describing what may be required to transition from spinning
inertia associated with traditional generation, to mostly inverter-based
power systems. The review serves as a handy reference for grid
operators and planners. 

  More information: Simulating Distributed Energy Resource
Responses to Transmission System-Level Faults Considering IEEE 1547
Performance Categories on Three Major WECC Transmission Paths: 
www.nrel.gov/docs/fy20osti/73071.pdf
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