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Abstract

To facilitate more extensive adoption of renewable distributed electric generation, the U.S.
Department of Energy launched the Renewable Systems Interconnection (RSI) study
during the spring of 2007. The study addressed the technical and analytical challenges that
must be addressed to enable high penetration levels of distributed renewable energy
technologies. This RSI report discusses the tests and demonstrations needed to better
understand the issues and solutions associated with the high penetration levels of
photovoltaics (PV) expected in future utility distribution systems. It identifies areas in
which testing needs to be conducted and recommends specific tests needed to understand
high-penetration PV scenarios and promote effective solutions. These tests will be
conducted in both controlled laboratory settings and field demonstrations.
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Preface

Now is the time to plan for the integration of significant quantities of distributed renewable
energy into the electricity grid. Concerns about climate change, the adoption of state-level
renewable portfolio standards and incentives, and accelerated cost reductions are driving steep
growth in U.S. renewable energy technologies. The number of distributed solar photovoltaic
(PV) installations, in particular, is growing rapidly. As distributed PV and other renewable
energy technologies mature, they can provide a significant share of our nation’s electricity
demand. However, as their market share grows, concerns about potential impacts on the
stability and operation of the electricity grid may create barriers to their future expansion.

To facilitate more extensive adoption of renewable distributed electric generation, the U.S.
Department of Energy launched the Renewable Systems Interconnection (RSI) study during
the spring of 2007. This study addresses the technical and analytical challenges that must be
addressed to enable high penetration levels of distributed renewable energy technologies.
Because integration-related issues at the distribution system are likely to emerge first for PV
technology, the RSI study focuses on this area. A key goal of the RSI study is to identify the
research and development needed to build the foundation for a high-penetration renewable
energy future while enhancing the operation of the electricity grid.

The RSI study consists of 15 reports that address a variety of issues related to distributed
systems technology development; advanced distribution systems integration; system-level
tests and demonstrations; technical and market analysis; resource assessment; and codes,
standards, and regulatory implementation. The RSI reports are:

e Renewable Systems Interconnection: Executive Summary

e Distributed Photovoltaic Systems Design and Technology Requirements

e Advanced Grid Planning and Operation

o Utility Models, Analysis, and Simulation Tools

e Cyber Security Analysis

e Power System Planning: Emerging Practices Suitable for Evaluating the Impact of
High-Penetration Photovoltaics

e Distribution System Voltage Performance Analysis for High-Penetration
Photovoltaics

e Enhanced Reliability of Photovoltaic Systems with Energy Storage and Controls
e Transmission System Performance Analysis for High-Penetration Photovoltaics
e Solar Resource Assessment

e Test and Demonstration Program Definition

e Photovoltaics Value Analysis

e Photovoltaics Business Models



e Production Cost Modeling for High Levels of Photovoltaic Penetration

e Rooftop Photovoltaics Market Penetration Scenarios.

Addressing grid-integration issues is a necessary prerequisite for the long-term viability of the
distributed renewable energy industry, in general, and the distributed PV industry, in particular.
The RSI study is one step on this path. The Department of Energy is also working with
stakeholders to develop a research and development plan aimed at making this vision a reality.
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Executive Summary

A robust testing and demonstration program is the cornerstone of any development project,
and this is certainly true for the Renewable Systems Interconnection activities of the U.S.
Department of Energy (DOE). This report discusses the tests and demonstrations needed to
better understand the issues and solutions associated with the high penetration levels of
photovoltaics (PV) expected in future utility distribution systems. It identifies areas in which
testing needs to be conducted and recommends specific tests needed to understand high-
penetration PV scenarios and promote effective solutions. These tests will be conducted in
both controlled laboratory settings and field demonstrations.

Significant testing and demonstration are needed if PV systems are to achieve high
penetration levels in utility grids. Some tests are needed to determine that a problem exists
and characterize its extent. Other tests can validate solutions to problems; still others can
identify system benefits that would promote high penetration of PV.

Controlled-environment laboratory testing allows specific parameters to be characterized
accurately and provides repeatable test conditions that would be difficult to find in the field
without extensive long-term monitoring. Field tests can verify that a problem exists or a that
solution is effective, and they can point out unexpected issues.

Computer modeling can be particularly important in these investigations, because a properly
vetted model can guide researchers and narrow the range of experiments that need to be
performed in a specific scenario. Although modeling cannot replace experiments, it can speed
up testing significantly and reduce associated costs.

Laboratory-Based Testing
Broadly, a successful laboratory-based testing program will involve the development of
requirements, evaluations of solutions, and verification and certification of products.

e Develop and validate information for models of specific PV system equipment,
especially inverter performance models as they relate to the simulation of distribution
system impacts.

e Develop laboratory capabilities for testing a variety of high-penetration scenarios
under conditions that are as close to real-world ones as possible. Specific tests would
include the evaluation of voltage regulation schemes, prevention of unintentional
islanding, intentional operation of an island or microgrid, false inverter trips due to
utility line transients, reverse power flow in secondary network distribution systems,
and system stability issues, such as those related to variable cloud cover.

e Test a variety of communication methods between distributed PV systems, utility grid
operations, storage systems, and energy management systems. As part of work
involving energy management systems (EMS), storage, and PV testing, this effort
would look at fault tolerance, speed, reliability, and system bandwidth, including
limitations of routers, servers, and other similar elements. These tests could establish
the requirements for advanced communication protocols.
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e [Evaluate different control schemes for autonomous distributed control in a system
containing multiple inverters. Candidate control schemes include voltage or frequency
“droop” controls, output impedance synthesis, and communications-based approaches
that may be distributed (“‘agent-based” control) or centralized.

Field Testing and Demonstrations

Field tests will require identifying candidate locations with high PV system penetration. These
could include new residential subdivisions with a large number of the homes having PV
systems, commercial systems in which PV is a significant part of the load, and utility-
interconnected systems that feed back a significant amount of PV power at the distribution
level. The field testing and demonstration effort should include one or more locations with the
following characteristics:

e A demonstration site with relatively high feeder-level PV penetration (>30%) on a
legacy distribution system with feeder (medium voltage) and service (presumably, low
voltage) voltage and current monitoring. This site would provide the means to
investigate PV impacts on voltage regulation, the effectiveness of various solutions
(especially inverters with volt-ampere reactive [VAR] capability), fault contribution,
and fuse coordination or desensitization; the latter two would probably be studied
using modeling).

e Fielded samples of an undersized or overloaded primary or secondary distribution line
in which the substation voltage has been raised to deal with the voltage drop (e.g., an
old, rural feeder for new, large homes).

e Fielded systems that can be used to test a variety of nontraditional benefits, which
might include items such as voltage and frequency regulation support, PV as spinning
reserve, customer load management, peak load reduction, utility reliability
enhancement, and upgrade deferral.

e Testing of the integration of EMS with PV systems and storage to optimally manage
power for commercial facilities. This can include the development of predictive
algorithms for loads and PV output to optimize the sizing and use of storage.

¢ A demonstration site that includes integrated EMS with defined interruptible and
critical loads; defined load usage profiles (either time-based or weather-based);
possibly, storage with its own communications and control system; and PV with its
own communications and control system. Testing would evaluate control strategies,
especially any predictive capabilities each unit might employ, e.g., to predict solar
output at some time in the future and to similarly predict loads, as well as when a load
should be turned on or off, now or in the future, in anticipation of an expected future
need or opportunity.

e A single commercial building that integrates PV and possibly storage with a
comprehensive EMS.

e A high feeder-level PV penetration (>30%) commercial building application
incorporating relatively large PV systems (e.g., 50 kW and up) on multiple buildings
sharing a common feeder.
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e A microgrid test site that incorporates many of the features listed above, as well as
other generators and loads, with a centralized command and control capability.

Conclusions and Recommendations

These testing needs are critical to understanding issues, developing solutions, and
engendering utility confidence. Several major test facilities are set up to support the kinds of
testing envisioned here, but they will undoubtedly need funding and coordination for specific
testing and equipment. Therefore, a DOE-sponsored High-Penetration PV program could
include provisions for funding and coordinating an array of laboratory testing. Some of this
funding would directly support testing and reporting, such as evaluating specific grid impact
issues. Other funding could be used to help enhance general testing capabilities in anticipation
of industry needs for product development, verification of capabilities, and certification.

Our interactions with utilities in researching this report showed their significant interest in
better understanding the issues related to high-penetration PV. Therefore, the DOE program
could identify and coordinate those utilities so they work toward a common goal; help them
locate candidate test sites; identify appropriate developers of solutions and their products;
develop specific test plans; support the installation of monitoring equipment; and lead data
collection, evaluation, and reporting activities.
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1.0 Introduction

No matter what perspective we take, when it comes to achieving high-penetration photovoltaics
(PV) in utilities, getting there will require solutions that provide the desired benefits, address
anticipated impacts, and do both in a cost effective manner. Therefore, the U.S. Department of
Energy (DOE) established the Renewable Systems Integration (RSI) project to focus on the
many issues that the PV and utility industries face. The RSI project brings together a team of
experts charged with systematically identifying, evaluating, and presenting the current status of a
broad spectrum of technical, financial, and regulatory issues.

This report discusses the testing and demonstration needs associated with RSI activities. Tests
are needed to determine whether a problem exists and to characterize its extent. Other tests are
required to validate solutions to the problem. Controlled-environment laboratory testing allows
specific parameters to be characterized accurately. It also provides repeatable test conditions that
would be difficult to find in the field without extensive long-term monitoring. Field tests can not
only verify that a problem exists or a solution is effective, they can also point to issues that had
not been expected. Decisions must often be made based on a combination of field-test and
laboratory results, which are sometimes contradictory. For example, if we have not measured a
certain condition in the field, that does not necessarily mean it is not occurring in another place
or at another time. Also, being able to imagine a problem and create the necessary conditions for
it in the laboratory does not always mean that it is a legitimate real-world concern.

This report looks at the range of issues raised in the RSI project companion reports and suggests
the laboratory and field testing needed to evaluate an issue and propose appropriate test
requirements. The report also looks at where testing can be performed, listing a number of
controlled environment test facilities. And it suggests some existing and upcoming applications
that offer unique, high-penetration environments for investigating issues and testing possible
solutions.



2.0 Current Status of the Research

Significant research on the interaction between PV and the utility grid has been conducted over
the past 30 years. This section provides a historical sampling of projects that dealt with—and in
most cases, continue to deal with—utility interconnection as at least one of the key issues.

2.1 DOE Regional Experiment Stations (1979—Present)

Beginning in 1979, three Residential Experiment Stations (RES) were established. One of
them—the Northeast RES, which opened in 1980—was installed at the Massachusetts Institute
of Technology (MIT). One—the Southwest RES—was established at New Mexico State
University in 1981. And one—the Southeast RES—was established at the Florida Solar Energy
Center (FSEC) in 1983. These were later renamed Region Experiment Stations to reflect the
program’s broader perspective. Each installed a number of prototype grid-tied residential PV
systems, which included full-size PV arrays and programmable loads, to evaluate all aspects of
PV performance.

The inverters used in the systems were designed and built with few of the interconnection
requirements placed on today’s units. Utility interconnection testing included harmonics; the
output of at least one inverter was euphemistically called “modified sine wave,” which meant a
somewhat filtered square wave. Also included was islanding testing, which was difficult but
possible to achieve in the days before anti-islanding functions were incorporated.

Although the NERES ceased operation in the mid-1980s, both the SWRES and the SERES
continue operating under DOE contracts, and their staff members provide valuable engineering
and evaluation services to the PV community (Figure 2-1 and Figure 2-2).
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Figure 2-1. SWRES, Las Cruces, New Mexico



Figure 2-2. SERES, Cocoa, Florida

2.2 Sandia Distributed Energy Technologies Laboratory (1982—Present)

Sandia National Laboratories operate the Distributed Energy Technologies Laboratory (DETL)
for DOE (Figure 2-3). The laboratory is an extension of the inverter test facility developed to
support DOE Photovoltaics R&D activities. This facility has helped advance the state of
commercial inverter design and operation for many years. It has accomplished this by
performing product development tests with inverter manufacturers, subjecting commercial
products to standardized tests to benchmark their performance, and evaluating their operation as
system components. This activity has resulted in significant improvements in product reliability
and capabilities.

Figure 2-3. Sandia DETL, Albuquerque, New Mexico



Engineers at DETL measure the performance of power-conditioning equipment ranging in size
from a few watts to hundreds of kilowatts. Sources are tested in either grid-connected or stand-
alone operating modes. Voltages and currents are acquired on both AC and DC sides of the
equipment and are analyzed to evaluate key parameters such as efficiency, distortion, output
regulation, and load compatibility. And to evaluate generation sources in addition to PV, other
measurement capabilities have been added. These include Coriolis-effect mass flow meters for
gas flow measurements and ultrasonic flow meters for liquid flow measurements of sources
capable of combined heat and power (CHP) operation.

At present, seven different data-acquisition systems are in place using 16-bit, 333-kHz digitizers
controlled by National Instruments LabView programs. Microsoft Excel charts are created from
the reduced data representing both averages and high-speed waveforms. Instruments independent
of the LabView systems include oscilloscopes, spectrum analyzers, digital multimeters, dynamic
signal analyzers, and audio analyzers. Specialized test equipment is used to measure additional
quantities such as conducted and radiated radio-frequency emissions, audible noise, response to
high-voltage surges, and variations in AC grid voltage and frequency. DETL calls upon a local
consultant to measure exhaust emissions of sources such as microturbines and fuel cell
reformers.

A 480-V, 3-phase reconfigurable microgrid has been constructed at DETL to facilitate testing of
interconnected sources and control methodologies. This microgrid permits testing of sources
either individually or in combination with other distributed energy resources (DER). The current
configuration of the DETL microgrid incorporates one 200-A, two 100-A, and two 30-A
populated equipment compartments and four empty compartments for future expansion. Details
of the configuration change as testing is performed for a variety of customers and applications.

2.3 NREL Outdoor Test Facility (1983—Present)

The Outdoor Test Facility at the DOE National Renewable Energy Laboratory (NREL) is an
integral part of the National Center for Photovoltaics (NCPV), where researchers use advanced,
state-of-the-art laboratories and outdoor test beds to characterize the performance and reliability
of PV cells, modules and small (1- to 5-kW) systems (Figure 2-4). Researchers at the OTF study
and evaluate advanced or emerging PV technologies under simulated, accelerated indoor and
outdoor conditions (e.g., using thermal chambers) and prevailing outdoor conditions.

The research conducted in the 10,000—ft2 facility provides verification, characterization, or
modeling of technology performance; quantitative assessments of reliability; identification of
failure and degradation mechanisms; and strategies to improve reliability and performance. This
improved understanding of photovoltaic technologies is also used to aid industry in developing
new and/or improved standards and codes.



Figure 2-4. NREL Outdoor Test Facility

2.3.1 Indoor Laboratory Testing

Specialized chambers in the high-bay area test the performance of modules when exposed to
varying weather conditions, such as heat, cold, humidity, moisture, and ultraviolet (UV) light.
Modules are tested in high-voltage and wet conditions to evaluate electrical insulation and
moisture intrusion that can cause corrosion or ground faults or pose an electrical safety hazard.
Mechanical tests include module flexing, static loading and simulated 1-in.-diameter hail strikes.
Accelerated testing is conducted on PV modules, electrochromic windows and solar mirrors.

Researchers in the laboratory perform destructive and nondestructive analysis to determine
failure mechanisms in cells and modules. New measurement techniques and tests are developed
to help identify future problems. Indoor cell and module characterization is performed with four
different simulators. Current versus voltage (I-V) measurements are made using continuous,
pulsed and concentrated light. Measurements can be made at Standard Test Conditions (STC) or
at various temperature and irradiance levels.

2.3.2 Outdoor Testing

Calibrations of primary reference cells are conducted at the OTF. These calibrated cells provide
the photovoltaic community with a path of traceability to standards. Outdoor module
characterization is conducted with the Standard Outdoor Measurement System. This system
takes current-voltage (I-V) curve measurements at conditions as close as possible to Standard
Test Conditions. Long-term module performance testing is conducted on the Performance and
Energy Rating Testbed and in the array field. More than 30 modules of various technologies are
monitored continuously for performance under various weather conditions.

Outdoor exposure and stability tests are conducted on more than 50 PV modules in the array
field. Two testbeds are dedicated to stressing photovoltaic modules under accelerated conditions
outdoors. The high-voltage stress testbed places 600-2000 V across the module leads and frame
and then measures leakage currents. The Outdoor Accelerated-weathering Tracking System
reflects sunlight at 2.5 concentration to increase light exposure on the modules.



Several grid-tied, 1- to 2-kW PV systems are installed at the OTF. These systems employ various
module technologies, such as copper indium diselenide, cadmium telluride, amorphous silicon,
and crystalline silicon. These systems are monitored for long-term performance and reliability.
Several types of stand-alone PV systems are monitored at the OTF, including remote solar home
systems and area streetlights. Test procedures are developed to determine how well the system
components perform as a complete system.

Researchers at the OTF also work with industry to set uniform and consensus standards and
codes for testing photovoltaic devices. These standards and codes include those of the Institute of
Electrical and Electronics Engineers (IEEE), the American Society for Testing and Materials (or
ASTM), the International Electrotechnical Commission (IEC), and the National Electric Code
(NEC).

2.4 Sacramento Municipal Utility District PV Program (1984—Present)

The initial foray of the Sacramento Municipal Utility District (SMUD) into photovoltaics was a
joint program with DOE to install 1 MW of PV adjacent to the Rancho Seco nuclear power plant
in 1984. This was intended to be the first segment of a 100-MW plant to be built through the late
1990s. A second 1-MW segment was added in 1986; both segments, as well as an additional 1.5
MW of PV added between 1997 and 2001, continue to operate. Much was learned at this facility
regarding PV operation and maintenance, though there was no emphasis on grid impacts.

In 1991, SMUD began its PV Pioneer program to install PV on residential and commercial
customers’ roofs. By the end of 2001, nearly 10 MW of PV was installed at more than 1000
facilities around Sacramento. These have led SMUD to support the development of PV
communities, such as the Premier Gardens subdivision discussed later. Although earlier
programs led to some pockets of aggregation, high penetration had not been a concern until plans
began to emerge for large subdivisions. These subdivisions, sought by the utility, will offer both
high efficiency and PV generation. The intent is to reduce the primarily air-conditioning-driven
peak demand that SMUD experiences. Premier Gardens continues to be a source of distribution
system impact and load reduction data and analyses.

2.5 Arizona Public Service STAR Facility (1985—-Present)

Arizona Public Service (APS) has adopted a strategy of performing small to medium-sized R&D
projects (from a few watts to several hundred kilowatts) to gain an understanding of the issues
related to the large-scale use of renewable energy to generate electricity. The STAR (Solar Test
And Research) Center is one of the projects carried out to test solar technologies from a utility
perspective. In 1985, APS decided to construct the STAR Center because numerous issues could
not be addressed at existing APS R&D projects. STAR began operating in January 1988.

One of the key requirements in the design of the center was flexibility. Since STAR was
expected to be constantly changing due to new products and advanced technologies, careful
attention was paid to ensure that expansion could be accommodated quickly, economically, and
efficiently. The overall purpose is to keep APS up to date on state-of-the-art solar technologies
and applications. This knowledge will prepare APS to use solar power generation as the
economics of various applications improve. STAR’s specific goals are as follows:



e To compare promising solar hardware in a southwestern desert environment

e To determine the potential of photovoltaics

e To provide engineering data needed to design future PV systems

e To stimulate manufacturers to improve their products

e To advise APS customers with accurate, up-to-date information on solar energy.

STAR remains a focal point of the APS solar testing and evaluation program. In addition to the
center’s ongoing tests, a number of other APS research installations are coordinated through
STAR. These include a solar monitoring network to assess the solar resource in the APS service
territory and additional PV systems installed at customers’ sites to address some of the practical
issues associated with installing, operating, and maintaining PV systems.

2.6 Rokko Island, Japan (1986-2000)

Rokko Island is a man-made island in the industrial section of Kobe, Japan (Figure 2-5).
Beginning in 1986, the Japanese government funded two PV R&D projects there, the first to
develop basic technology for small grid-connected PV systems and the second to establish

technical guidelines for utility interconnection of dispersed power generators such as PV, wind,
and fuel cells.

Figure 2-5. Rokko Island Test Facility, Japan

Under the two projects and with a budget approaching $100 million, Kansai Electric Power
Company (KEPCO, the local utility) and the Central Research Institute for the Electric Power
Industry (CRIEPI, the Japanese equivalent to the Electric Power Research Institute [EPRI] in the
United States), established the Rokko Island test facility, which began operating in 1990. The
overall facility included 102 PV systems ranging in size from 2 to 50 kW (400 kW total), two
16.5-kW wind turbines, and 17 fuel cells (1000 kW total), all connected through a reconfigurable
6-kV distribution system built to Japanese utility standards. The 100 small PV systems were
situated on mock-up residential structures that included common residential loads ,such as



washing machines and refrigerators, all of which had controlled operation. Additional
programmable loads on the distribution system allowed for precise load/generation balancing
and ensured that power was not fed back to the utility.

The issues investigated at the facility included the following:

e Islanding e Voltage fluctuation
e Reverse power flow e Protection coordination

e Harmonic distortion

Although most of the reports from the project are in Japanese, several conference papers have
been presented in English [1, 2]. One, for example, was prepared for the International Energy
Agency by Dr Akio Kitamura, the project’s most prominent spokesman.

2.7 American Electric Power Dolan Technology Center (1987—Present)

Though PV is not one of its focus technologies, a very interesting candidate for excellent grid
and load interaction testing is the Dolan Technology Center, sponsored and run by American
Electric Power (AEP) in Groveport, Ohio. Although the name "Dolan Technology Center" goes
back only to 2000 when a merger and reorganization occurred, the electrical laboratory was
established at this location in 1987 when AEP relocated its headquarters from New York City to
Columbus, Ohio.

The DTC is an AEP entity that performs a variety of testing services to the company, such as
new device qualification, protection packages, telecommunications systems, and controls. They
are also involved in projects at AEP demonstrating flywheel, sodium sulfur (NaS) battery
storage, utility-grade inverters, and the like.

The center also does work for outside entities, e.g., the Consortium for Electric Reliability
Technology Solutions (CERTS) microgrid and the national laboratories. DTC has been used as a
development laboratory by outside product developers and has considerable experience in testing
DER. The center reports having access to a fleet of people to augment in-house expertise, if
needed. Currently, a joint development project for a I-MW fuel cell package is under way.

So far, the DTC has built a test bed with comprehensive instrumentation originally designed for
testing systems up to 250 kW. Tests focus on voltage sags and swells, capacitor switching,
transient overvoltage, voltage, and current imbalance. Also included is utility equipment such as
reclosers, breakers, and switches, as well as variable resistor and inductor banks (2000 kW and
100 kVAR, respectively). Fixed capacitor banks can be switched in steps to test the DER
response and power factor range. Equipment can also pick up part of the building load. The DTC
can test up to 3 MW, and it has a 200 psi natural gas line for fuel supply. It also has an
environmental chamber for temperature testing for smaller DER.

The primary focus has been on electromechanical compatibility. This means the center can
connect DER to the grid and see how the grid affects DER and how DER affects the grid (or
nearby DER and other devices such as regulators and tap changers). Another major focus is on



inverter-to-grid interconnections and performance, in both grid-connected and stand-alone
(islanded) situations. This is a primary role of the CERTS Microgrid Test Bed project.

The DTC is planning to increase its capability for testing up to 6 MW to accommodate the fuel
cell development project. In addition, the center is involved in the specification, procurement and
commissioning of the next megawatt-scale NaS battery energy storage project on the AEP
system, unique in its ability to adaptively island a portion of a distribution feeder based on load.

2.8 PVUSA (1987-2000)

The Photovoltaics for Utility-Scale Applications (PVUSA) project was a public-private
partnership that provided a utility “behind the fence” facility for evaluating the performance and
operation of grid-connected PV (Figure 2-6). Though the much of the project’s focus was on
performance comparisons of the various systems installed at the site’s Davis, California, facility,
utility interconnection issues were prevalent from the facility’s initial design stages. The local
utility, Pacific Gas & Electric (PG&E), which was also the technical and organizational lead for
the project, imposed strict requirements that included redundant facility-level relays and transfer
trip.

Figure 2-6. PVUSA Site, Davis, California (circa 1999)

A major activity of the project was the 500-kW PVUSA Kerman PV system [3]. Completed in
1993, it was the first system installed specifically to evaluate the potential benefits of PV
generation within a utility distribution system. PG&E engineers reviewed numerous distribution
feeders to find locations that met a variety of criteria—such as overloaded (or nearly
overloaded) equipment, relatively slow load growth, and available land area—to come up with
an appropriate test site. The Kerman PV plant was the subject of ongoing monitoring and
numerous special tests to define and evaluate a comprehensive group of distribution benefits,
including voltage support, equipment upgrade deferral, and grid reliability enhancement.

2.9 NREL DER Test Facility (1997—Present)

The Distributed Energy Resources Test Facility is an integral part of NREL’s electric systems
R&D (Figure 2-7). It was designed to assist the U.S. distributed power industry in developing
and testing distributed power systems. Researchers use advanced state-of-the-art laboratories and
outdoor test beds to characterize the performance and reliabi