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IEEE 1547 Series of Standards:

Interconnection Issues
Thomas S. Basso, Member, IEEE, and Richard DeBlasio, Senior Member, IEEE '

Abstract-- IEEE 1547™ 2003 Standard for
Interconnecting Distributed Resources With Electric Power
Systems is the first in the 1547 series of planned
interconnection standards. Major issues and a wealth of
constructive dialogue arose during 1547 development.
There was also a perceived increased vitality in updating
complementary IEEE standards and developing additional
standards to accommodate modern electrical and
electronics systems and improved grid communications and
operations. Power engineers and other stakeholders looking
to the future are poised to incorporate 1547 into their
knowledge base to help transform our nation’s aging
distribution systems while alleviating some of the burden on
existing transmission systems.

Index Terms — certification; communications; distributed
generation; distributed power; distributed resources; dispersed
storage and generation; fuel cells; interconnection; monitoring
and control; power systems; photovoltaic power systems; power
distribution; power generation; regulation; standards; test.

I. INTRODUCTION

IEEE recently announced a new standard to help utilities
tap surplus electricity from alternative sources: IEEE 1547
2003 Standard for Interconnecting Distribution Resources
With Electric Power Systems. The standard establishes
technical requirements for electric power systems (EPSs or
electric grids) interconnecting with distributed generators
such as fuel cells, photovoltaics, microturbines,
reciprocating engines, wind generators, large turbines, and
other local generators. Additional IEEE interconnection
standards activities are now designated under the 1547
series of standards (Figure 1).

These standards are being developed under IEEE
Standards Coordinating Committee 21 (SCC21) on Fuel
Cells, Photovoltaics, Dispersed Generation, and Energy
Storage. (See http://grouper.ieee.org/groups/scc21/
index.html.) Established by the IEEE Standards Association
(IEEE SA), SCC21 sponsors standards projects, develops
IEEE draft standards, and conducts coordination activities
among individual IEEE societies. Specifically, SCC21
oversees the development of standards in the areas of fuel
cells, photovoltaics, dispersed generation, and energy
storage and coordinates efforts in these fields among the
various IEEE societies and other effected organizations to
ensure that all standards are consistent and properly reflect
the views of all applicable disciplines. IEEE SCC21
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reviews all proposed IEEE standards in these fields before
they are submitted to the IEEE SA Standards Board for
approval and coordinates submission to other organizations.

The 1547 standard focuses on the technical specifications
for, and the testing of, the interconnection itself. It provides
requirements relevant to the performance, operation,
testing, safety, and maintenance of the interconnection. It
includes general requirements, response to abnormal
conditions, power quality, islanding, and test specifications
and requirements for design, production, installation
evaluation, commissioning, and periodic tests. The stated
requirements are universally needed for the interconnection
of distributed resources (DR), including synchronous
machines, induction machines, and power inverters/
converters and will be sufficient for most installations.

The requirements are applicable to all DR technologies
with aggregate capacity of 10 MVA or less at the point of
common coupling interconnected with EPSs at typical
primary and/or secondary distribution voltages. Installation
of DR on radial primary and secondary distribution systems
is the main emphasis of the 1547 standard, although
installation of DR on primary and secondary network
distribution systems is also considered.

II. BACKGROUND

Traditionally, utility EPSs were not designed to
accommodate active generation and storage at the
distribution level. Corresponding to the multitude of utility
companies are numerous types of EPS architectures based
on differing designs and choices of equipment. The overall
evolution of the grid has not been monolithic or based on a
uniform approach to establish the most technically up-to-
date, integrated system. As a result, there are major
issues and obstacles to an orderly transition to using DR
with the grid.

The lack of uniform national interconnection standards
and tests for interconnection, operation, and certification as
well as the lack of uniform national building, electrical, and
safety codes are understood. IEEE 1547 offers power
engineers and other stakeholders a broad-based tool to help
realize the grid of the future with various forms of DR
effectively contributing to our electricity needs.

The development of 1547 has included arduous debate
and scrutiny by hundreds of dedicated and experienced
individuals. The names of 444 work and ballot group
individuals appear in the front of the standard. The 1547
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The above identifies existing IEEE SCC21 standards development projects (1547 series)
and activities under discussion by SCC21 Work Group members.

IEEE Std 1547 - 2003 -- Scope. This standard establishes
criteria and requirements for the interconnection of
distributed resources (DR) with electric power systems
(EPSs). Purpose. This document provides a uniform standard
for the interconnection of DR with EPSs. It provides
requirements relevant to the performance, operation, testing,
safety, and maintenance of the interconnection.

P1547.1 -- Scope. This standard specifies the type,
production, and commissioning tests that shall be performed
to demonstrate that interconnection functions and equipment
of a DR conform to IEEE 1547. Purpose. Interconnection
equipment that connects DR to an EPS must meet the
requirements specified in IEEE 1547. Standardized test
procedures are necessary to establish and verify compliance
with those requirements. These test procedures must provide
both repeatable results, independent of test location, and
flexibility to accommodate a variety of DR technologies.

P1547.2 -- Scope. This guide provides technical background
and application details to support the understanding of IEEE
1547 Standard for Interconnecting Distributed Resources
With Electric Power Systems. Purpose. This document
facilitates the use of IEEE 1547 by characterizing the various
forms of DR technologies and the associated interconnection
issues. Additionally, the background and rationale of the
technical requirements are discussed in terms of the operation
of the DR interconnection with the EPS. Presented in the
document are technical descriptions and schematics,
applications guidance, and interconnection examples to
enhance the use of IEEE 1547.

P1547.3 -- Scope. This document provides guidelines for
monitoring, information exchange, and control for DR
interconnected with EPSs. Purpose. This document
facilitates the interoperability of one or more DR
interconnected with EPSs. It describes functionality,
parameters, and methodologies for monitoring, information
exchange, and control for the interconnected DR with, or
associated with, EPSs. DR include systems in the areas of
fuel cells, photovoltaics, wind turbines, microturbines, other
distributed generators, and distributed energy storage
systems.

Figure 1. IEEE Interconnection Standards
(http://grouper.ieee.org/groups/scc21/dr_shared/)

standard aims to be technology-neutral but cognizant that
the technical attributes of DR and the types of EPSs do
have a bearing on interconnection requirements.

The addition of DR to an EPS will change the system and
its response in some manner. Although IEEE 1547
establishes criteria and requirements for interconnection, it
is not a design handbook or an application guideline. The
standard provides the minimum functional technical
requirements universally needed to help ensure a
technically sound interconnection. Any additional local
requirements should not be implemented to the detriment of
the functional technical requirements of the 1547 standard.

In addition, it is beyond the scope of the 1547 standard to
address mitigating limitations of the Area EPS, methods
used for performing EPS impact studies, or the business or
tariff issues associated with interconnection. These aspects
are more appropriate for complementary interconnection
standards, technical papers, or further study.

III. INTERCONNECTION ISSUES AND RESOURCES

Prior to and during the development of 1547, numerous
documents delineated major issues, obstacles, and
approaches to an orderly transition to the interconnection of
DR with the grid [1-4]. The 1547 work group minutes [5]
and resource documents include voluminous amounts of
technical information, documentation of standardized
feedback, reviews of individual clauses/sections,
recommended rewording, and reviewer rationales.

The interconnection guides and related documents of
many utilities, manufacturers, and other stakeholders
throughout the United States and Canada were used to
establish 1547. Some of these publications were made
freely available to 1547 work group members by the
originating organizations, and some are resources for
consideration during the development of the 1547 series.

During 1547 development, pointed discussions arose
concerning specific issues that were not necessarily
appropriate as universal mandatory requirements in the
standard. These included many design-specific, application-
specific, and equipment-specific issues as well as concerns
broader than simple technical issues. The following two
lists provide categorized summaries of the types of points
that arose. Concerns more appropriately addressed external
to a universal, mandatory requirements standards
document—perhaps appropriate in a guide or special
applications document—are system impacts and analysis
(e.g., is it necessary and when); DR penetration (e.g., the
ideal allowable aggregation); safety (e.g., functional versus
operational modes); re-fitting of EPSs (e.g., what to do,
cost of EPS re-fitting, and who pays); operation (e.g., which
standard applies and who is in control); reliability (e.g.,
operational issues such as durability versus availability);
federal/state implementation and effects (e.g., rules);
misunderstanding or misapplication (e.g., limited
experience or knowledge); and user disagreement (e.g., not
all utilities and DG are alike). Broader DR interconnection
concerns or R&D issues not necessarily appropriate for a
standard or perhaps not yet timely enough to be included in
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some form of a standard are after-sales service support and
warranties; liability (e.g., DG operators versus grid
operators); fully commercialized and certified products;
full-scale remote or unattended operation (e.g., autonomous
versus semi-autonomous); fully integrated controls and
protective relaying (e.g., design and location);
comprehensive functionality of the interconnection package
(e.g., always more to add); where to include the
interconnection capabilities (e.g., “black box,” generator
control); interface standards between DR and the
interconnection package (e.g., equipment manufacturing
design standards); issues of scaling to different power
levels; and lower interconnection system cost.

IV. LOOKING FORWARD

DR and uniform interconnection standards offer promise
to help modernize and improve distribution system and
related transmission system performance. When properly
integrated with the grid, DR offer potential benefits
including reduced electric line losses; reduced transmission
and distribution congestion; grid investment deferment and
improved grid asset utilization; improved grid reliability;
ancillary services such as voltage support or stability,
VARs, contingency reserves, and black start capability;
clean energy; lower-cost electricity; reduced price
volatility; greater reliability and power quality; energy and
load management; and combined heat and power synergies.

In summary, these benefits tend toward the evolution of a
modernized EPS with greater flexibility and energy security
for the future. To realize significant penetration of DR and
timely evolution of the existing EPS, further detailed
standards and R&D are needed on the key interface,
interconnection, and communications and control
technologies, including both hardware and software.
Significant near-term, targeted load leveling may
potentially be accomplished by accelerating the
development, adoption, and implementation of improved
regulatory utility policies, technical standards, local codes,
and permitting processes that will facilitate DR integration
with EPSs without compromising consumer protection,
environmental values, health, and the safety and reliability
of the grid.

State agencies and regional and federal government
entities are developing interconnection agreement rules and
protocols, including technical requirements. Such efforts to
establish technical requirements including evaluation and
testing procedures could benefit by referencing or
incorporating IEEE standards as a technical foundation.

IEEE 1547 and its development are a model for ongoing
success in establishing additional interconnection
agreements, rules, and standards on national, regional, and
state levels. IEEE 1547 has the potential to be used in
federal legislation and rulemaking, state public utilities
commissions deliberations, and the formulation of technical
requirements for interconnection agreements by more than
3,000 utilities.

In the international arena, harmonization of IEEE and
International Electrotechnical Commission (IEC) standards

has always been an issue. Fortunately, harmonization of
such standards may prove easier in the future. IEEE and
IEC have agreed on a dual-logo arrangement for IEC to
adopt IEEE electronics, telecom, and power generation

standards for international use.

IEC Technical Committee 8 (TC 8) on System Aspects
of Electrical Energy Supply has recently modified its scope
and purpose. TC 8 prepares and coordinates the
development of standards to facilitate the functioning of
electricity supply systems, which encompass transmission
and distribution networks and include interfaces with user
installations (generators and consumers). The main system
aspects include electrical system reliability, connection
practices, operation, network responsibility, metering, data
exchange and balancing, communication, characteristics of
energy supply, and terminology. TC 8 also prepares basic
IEC publications related to these aspects and ensures
consistency among IEC publications related to its scope.

The US Technical Advisory Group for [IEC TC 8
participation is being administered by the National
Renewable Energy Laboratory. Along with the recent
publication of IEEE 1547 and ongoing IEEE
interconnection standards development support from
working group members, this effort should help ensure US
interests are carried forth in the global arena. International
standards help improve global industrial efficiency, develop
world trade, and provide the framework for economies of
design, greater product and service quality, more
interoperability, and better production and delivery
efficiency. Further, IEC conformity assessment and product
certification schemes at the national level ensure a certified
product has been manufactured and type-tested to well-
established international standards. The end-user is assured
the product meets quality standards and need not be
concerned with further testing or evaluation of the product.
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