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Introduction

Among the key factors affecting the deployment of distributed generation to existing
utility systems are the technical, procedural and economic requirements governing the
physical interconnection and operation of generating equipment with the existing utility
system. This paper addresses the regulatory context for interconnection of smaller scale
distributed generation (DG). This paper is intended to highlight the critical issues in
interconnection and to provide a condensed recitation of the provisions for
interconnection contained in existing interconnection rules and in selected draft and
model interconnection rules.

At present there are no uniform standards for interconnection in the US. This is due, in
part, to the fact that jurisdiction over interconnections is split between the Federal Energy
Regulatory Commission (FERC) and the various states. At the federal level, the FERC
has adopted Small Generation Interconnection Procedures for facilities within its
jurisdiction.” Meanwhile, less than half the states currently have interconnection rules in
place for DG.* Even within states, a number of utility systems, municipal utilities and
rural cooperatives, are beyond the reach of the state’s utility commission and are left to
adopt their own standards. While most parties agree that greater uniformity among
jurisdictions is desirable (some would say crucial), a large number of inconsistencies and
inadequacies remain.

In attempting to identify best practices for interconnection, judgments must necessarily
be made regarding the balance of interests among DG owners and operators, the local
utility and non-participant customers. To assess best practices of rules and standards in
place around the country or proposed in model rules, some key criteria are:

Degree of uniformity among other jurisdictions
Scope

Simplicity

Certainty

Impact on public and employee safety; and,

! Information for Maryland and Oregon added on August 27, 2007. Original survey completed on June 20,
2006.

? With funding from the U.S. Environmental Protection Agency
3 18 CFR Part 35, Docket No. RM02-12-000; Order No. 2006.

* Source: “Interconnection Rules for Distributed Generation”, Interstate Renewable Energy Council (IREC)
National Interconnection Project (updated March 2006).



e Industry experience.

This paper reviews the following rules, proposed rules and model rules: California,
FERGC, Illinois°, Maryland, Massachusetts, Minnesota, New York, Oregon, Texas,
Washington and Wisconsin. This provides some geographic and size diversity, as well
variety in approaches. Also included are model interconnection rules developed by the
Mid-Atlantic Distributed Resources Initiative (MADRI) and the Interstate Renewable
Energy Coalition (IREC).°

At a high level, the topic of interconnection breaks down into four main categories:
technical design requirements, the application process, interconnection process and the
interconnection agreement. However, where and how the specific requirements of each
of these categories are manifested is not always clear. Some jurisdictions choose to place
technical requirements in their interconnection “rule” while others place them in the
interconnection agreement or in a separate operating agreement. As a result, it is
problematic to parse these issues purely on the basis of these categories. Instead, this
review addresses the most important components of interconnection rules and procedures
without regard to where the requirements are manifested.

Interconnection Rule Basics
Applicability

There is no single definition of what a “small” DG unit is. Nor is there is any convenient
technological basis for distinguishing units on the basis of size for treatment under a
small DG rule. Even so, the existing rules have, for the most part, been bounded at the 10
MW or the 20 MW level. In addition, special rules have been developed for smaller
installation at the 1 MW level or below and for very small installations at the 25 kW or
40 kW size. The breadth of these sizes hints at some of the difficulties in developing
standardized technical standards and procedures for interconnection of DG. Some
jurisdictions, notably the FERC, also have rules for large installations. We have not
reviewed those here.

Components of Interconnection Rules
Requirements for interconnection of DG can be organized into three basic categories:
1. Technical and engineering-based hardware requirements for interconnection;

2. Rules governing the process of interconnection; and,

> The Illinois rule is a draft rule and has not yet been formally adopted. It is included as an example of a
rule that is currently under consideration.

% For convenience, each of the different existing rules, proposed rules and model rules are referenced on a
“jurisdiction” basis, even though the model rules are technically not associated with any specific
jurisdiction.



3. Rules governing the operational relationships of the parties.

In each jurisdiction, these categories are addressed through a combination of industry
standards, utility regulatory requirements and contracts between the parties, or left to the
judgment and discretion of the utility.

Technical and Engineering-based Hardware Requirements for Interconnection

As restructuring proceeded through the late 1990s there was increasing pressure from DG
manufacturers and developers, as well as utility regulators, to develop standardized
interconnection rules for all distributed generation. In response to this need, the Institute
of Electrical and Electronics Engineers (IEEE), which sets standards for the electric
industry, initiated a multi-year process to establish standardized technical and hardware
requirements for interconnection. The initial standards emerging from this process have
been published as IEEE 1547. In addition, there are number of follow-on processes
designed to address related issues identified during the initial IEEE 1547 process. These
are:

e 1547.1 — Standard for Conformance Test Procedures for Equipment
Interconnecting Distributed Resources with Electric Power Systems

e P1547.2 — Draft Application Guide for IEEE 1547 Standard for Interconnecting
Distributed Resources with Electric Power Systems

e P1547.3. — Draft Guide for Monitoring, Information Exchange and Control of
Distributed Resources Interconnected with Electric Power Systems

e P1547.4 — Draft Guide for Design, Operation, and Integration of Distributed
Resource Island Systems with Electric Power Systems

e P1547.5 — Draft Technical Guidelines for Interconnected Electric Provider
Sources Greater than 10MVA to the Power Transmission Grid

e PI1547.6 — Draft Recommended Practice For Interconnecting Distributed
Resources With Electric Power Systems Distribution Secondary Networks

IEEE 1547 has essentially become “law” through the passage of EPAct 2005 which cites
IEEE 1547 as a reference standard. The technical content of IEEE 1547 is beyond the
scope of this paper.” However, it important to note that IEEE 1547 is focused just on the
physical interconnection, that is, the point of common coupling (PCC), between the
synchronized grid (i.e. the “utility system”) and the DG installation, the surrounding
equipment utilized for control and automatic disconnection and the operational standards
that must be met while interconnected. It does not address the processes used to

7 See: http://grouper.ieee.org/groups/scc21/1547/1547 index.html for further information.


http://grouper.ieee.org/groups/scc21/1547/1547_index.html

accomplish interconnection, the economic relationship of the DG owner and the utility, or
the operational rules governing use of the DG.

IEEE 1547 has greatly increased the uniformity of basic technical requirements for
interconnection of small DG. Underwriters Laboratory (UL) has also developed testing
standards for some interconnection equipment, notably UL 1741 “Inverters, Converters,
and Controllers for Use in Independent Power System.” In essence, UL 1741 is
Underwriter Laboratory’s implementation of IEEE 1547.

There are numerous other IEEE, UL and ANSI standards which may come into play in an
interconnection and which are utilized to varying degrees by existing and proposed
interconnection rules. Our review of these standards is limited to a determination of
whether a given rule explicitly cites or adopts a given standard and whether there are
known or explicit exceptions to them and does not address whether any given technical
standard is appropriate.



Status of Interconnection in the States, FERC and as Proposed in Model Rules

Scope and Applicability of the Rules

The threshold issue for interconnection is the determination of what technologies fall
within the scope of a jurisdiction’s interconnection rules. Table 1 summarizes the scope
and applicability of the interconnection rules for each of our reference jurisdictions:

Table 1 Scope and Applicability of Rules

Jurisdiction Scope Capacity Limits
California All jurisdictional interconnections No size limits
FERC All jurisdictional interconnections Small generator rules for
units <= 20 MW
Large generator rules for
units > 20 MW
[linois All jurisdictional interconnections, except those made No size limits
prior to 60 business days after effective date of rule
IREC Customer-sited generation <=10 MW
MADRI All jurisdictional interconnections operating in parallel | <= 1I0MW
with the utility system
Maryland All jurisdictional interconnections operating in parallel | <= 10MW
with the utility system
Massachusetts All proposed new sources of electric power without No size limits
respect to generator ownership, dispatch control, or
prime mover that plan to operate in parallel with the
Company; if unit will never operate in parallel, rules do
not apply
Minnesota Interconnection between a Generation System and an 3 phase <=10 MW
area electrical power system "Utility system or Area Single phase systems <=
EPS" 40kW
New York New distributed generation facilities and modifications | <=2 MW
of existing DG affecting the interface at the PCC.
Generation not in parallel with the utility’s electrical
system is not subject to requirements.
Oregon All jurisdictional interconnections operating in parallel | <= 10 MW
with the utility system
Texas Interconnection and parallel operation of on-site No size limits
distributed generation. Sales of power by DG in the
wholesale market are subject to the provisions for
open-access comparable transmission service for
utilities in (ERCOT).
Washington All jurisdictional interconnections <=25 kW
Wisconsin All DG facilities interconnected to public utility <=15 MW

distribution system.

The stated scope of interconnection rules generally accomplishes two objectives: 1) to
clearly identify the types of installations that are subjected to the rules and 2) to avoid
gaps in coverage, either within the state or vis-a-vis the FERC. To this end, states are
best served by assuring that their rules expand to cover all interconnections which are not
within FERC jurisdiction. This prevents any technology, type or manufacturer from




either facing uncertainties about applicability of the rules or having to undergo
unnecessary one-on-one negotiations with the utility.

As can be seen from Table 1, many states limit the applicability of their rules on the basis
of the nameplate capacity of the units being interconnected. This limitation is tightly
linked to the related concept of developing more streamlined rules and procedures for
smaller installations, with the hope of moving toward, if not achieving, plug-and-play
status. Unfortunately, this may lead to larger units not having the protection of a
comprehensive process for interconnection. To avoid this, it seems appropriate for states
to take the extra step to provide consistent rules and procedures for all sizes of
generation, even if the larger units require more studies and customization. Such an
expanded scope also helps to make clear the utility’s obligation to provide
interconnection to all comers, consistent with engineering and safety considerations.

In one case, the IREC Model Rule, the stated justification for limitation in generation was
on the basis that units larger than 10 MW are most likely to be installed for the purpose of
selling into the wholesale market and would, therefore, be within the FERC rules. It is
not clear that this is the case, as it may ignore a number of configurations, especially
within the CHP context, where large industrial customers might install facilities larger
than 10 MW and wholly consume the output on site. The IREC bias in this regard
probably relates to their renewable focus, which is unlikely to reach a 10 MW size for on-
site consumption.

Design, Operating and other Technical Requirements

Application of IEEE 1547, NEC & Other Standards and Codes

Among the many applicable electrical codes and standards, IEEE 1547 is the one that
most directly addresses interconnection of distributed generation facilities to the utility
system. Many interconnection rules either explicitly adopt IEEE 1547 by reference or
directly state (in virtually identical terms) key portions of the IEEE 1547 standards. In
addition to IEEE 1547, a number of other codes and standards may also apply, depending
on the laws of each state. Among these are:

The National Electrical Code (NEC)

The National Electric Safety Code (NESC)

IEEE 929 “Recommended Practice for Utility Interface of Photovoltaic Systems

American National Standards Institute (ANSI) Standard C37.90, IEEE Standard

for Relays and Relay Systems Associated with Electric Power Apparatus

e Institute of Electrical and Electronics Engineers (IEEE) Standard 519,
Recommended Practices and Requirements for Harmonic Control in Electrical
Power Systems.

e Underwriters Laboratories (UL) standards including UL Standard 1741,
Inverters, Converters, and Controllers for Use in Independent Power System

e Occupational Safety and Health Administration (OSHA) Standard at 29 CFR
1910.269 and

e Applicable state worker safety and health laws and regulations.



The manner in which each state addresses these standards is shown in Table 2:

Table 2 Codes and Standards Referenced by Interconnection Rules

Adopted by Reference States Virtually Not
Adopted by with Exceptions or Same Standard in | Adopted or
Code or Standard Reference Modifications Rule Referenced”
IREC (implicit for CA (predates 1547)
certified unit, explicit NY (states some
IEEE 1547 WA, FERC, MA, for non-certified units), | standards, adopts
MD, MN, NY, OR, WI (non-certified all others by
IL, MADRI equipment only) reference)’ X
WA, FERC, MA,
MD, MN (929-2000),
IEEE 929 NY (for Inverter
dynamic anti-
islanding), CA X
CA, FERC, MD, MN
IEEE 519 (519-1992), NY, TX,
WA TX
FERC, MD, MN,
WA, NY (for
IEEE C37.90.1- equipment
1989 (R1994) certification), CA
(Surge Withstand
Capability) TX
NY (Only appears in
?139]59]55)(33 7902 | RERC, MD, MN, definition of “Utility
WA Grade Relay”) CA, TX
IEEE C37.108- MN, WA,
1989 (R2002) NY, CA,
FERC, MD TX
IEEE C57.12.44- MN, WA,
2000 NY, CA,
FERC, MD TX
FERC, MD, MN, NY
(for equipment
12%]3]25 C62.41.2- certification), CA
(Surge Withstand
Capability) WA, TX
IEEE C62.45- FERC, MD, MN',
1992 (R2002) NY, CA WA, TX

¥ In some cases blanket references to IEEE, ANSI, etc. are used. In these cases, those sources are not

individually listed as “not adopting or referenced” even if the specific standard is not identified.

? New York’s reference to IEEE 1547-covered standards includes the following footnote:

“It is expected that IEEE Std.1547 will eventually supercede (sic) the need for explicit technical standards
in New York State. However, until such time as all IEEE Std.1547 compliance standards (including testing
protocols) are complete and approved, this standard will take precedence.”

Although IEEE 1547 has since been formally approved, the rule has not yet been updated.
' Washington cites this as ANSI C37.90.
! The Minnesota rule cites this as “IEEE Std C62.42-1992 (2002)”; however, this appears to be a

typographical error.




Adopted by Reference States Virtually Not
Adopted by with Exceptions or Same Standard in | Adopted or
Code or Standard Reference Modifications Rule Referenced®
WA, NY,
IEEE 100-2000 FERC, MD, MN CA
NY (Only appears in
IEEE 37.98 definition of “Utility
Grade Relay”) CA
NEMA MG 1- MN, WA,
1998 Revision 3 FERC NY
NEMA MG 1-
2003 (Rev 2004) MN, WA,
Revision 1 FERC NY
ANSI C84.1-1995 | FERC, MD, MN WA,CA
ANSI/IEEE
C84.1-1995 MN WA,CA
ANSI/IEEE 446-
1995 MN WA, CA
ANSI/IEEE
Standard 142-
1991 MN WA,CA
NY (Only appears in
ANSI C37.2 definition of “Utility
Grade Relay”) CA
WA, FERC, MD,
NEC MN CcA
NEMA MG 1-
1998 MD
NEMA - MG 1-
2003 MD
NESC MN WA, CA
WI (certified paralleling
equipment), IREC (for
UL 1741 certification of
generators and
FERC, MA, MD, interconnection
MN, CA, WA equipment)
OSHA 29 CFR
1910.269 WA CA
NFPA 70 (2002) FERC WA
FERC, MN,
IEC'? 255-21-1, IL, WA,
IEC 255-22-2, NY (Only appears in WI, CA,
IEC 255-5 definition of “Utility IREC,
Grade Relay”) MADRI
WI (IEEE, ANSI, UL
Blanket adoption | for “all installations”

by reference of all
IEEE, ANSI or
UL standards

and for “disconnect
switches”), MADRI
(in interconnection
agreement), MN

IREC (ANSI, UL &
IEEE for Level 1; ANSI
& UL in Application
form for Level 2,3 & 4)

12 International Electrotechnical Commission.




Table 2 reflects the fact that the jurisdictions vary considerably in the detail with which
they articulate codes and standards applicable to interconnections. Both the FERC and
the Minnesota rules take care to articulate with great specificity the IEEE, ANSI and UL
standards that must be met for interconnections. Others, most notably Texas, have only
limited reference to outside standards. Even though specific requirements may be cited
in the context of the rules, Minnesota, Wisconsin and the two model rules (MADRI and
IREC), essentially adopt all applicable IEEE, ANSI and UL standards with some kind of
blanket reference.

As general rule whether and how externally adopted standards, such as the NEC, are
applicable to an interconnection is a function of statutory requirements that are outside
the ordinary scope of a regulatory commission’s focus. Nonetheless, the citation of such
codes can be helpful to any party seeking a DG interconnection. However, not all of
these standards and codes are otherwise in force through non-utility statutes. This is
especially true for the IEEE standards that directly address distributed generation, such as
IEEE 1547 and IEEE 929, among others. In these cases, interconnection rules need to
explicitly adopt these standards in order to give them the force of law.

There is the potential for confusion or even inconsistency in those cases where the rules
explicitly repeat or adopt a specific standard and adopts by reference the same standard
by reference. For example, if IEEE 1547 is adopted by reference and the rule also
explicitly repeats a particular standard for protective functions, such as voltage
regulation, any inconsistency in language between the two introduces an immediate
potential for confusion. Also, in the event IEEE 1547 is amended or revised, the same
conflict could arise in the future.

Because there is widespread and increasing acceptance of these external standards, it is
not unreasonable to treat them as, in fact, industry standards. In order to maintain
consistency, wherever possible, the preferred approach is to externally reference existing
industry standards as the controlling standard.

Technology Specific Requirements

One of the core objectives of any interconnection rule is protection of the public and the
electric system from unsafe or unstable operating conditions. As a result, much of the
focus of the technical standards is on the use of protection functions designed to prevent
the distributed generator from energizing the electric system during a system failure or
from propagating disturbances onto the electric system during normal operations.

In many the cases, the interconnection rules explicitly provide that the protective
standards are designed solely to protect public (and utility employee) safety and the
utility’s electrical system and are not designed to protect interconnected equipment or the
customer’s other facilities. This is a useful distinction to make clear to the
interconnecting party their obligations Vvis-a-vis the utility and the electric system.



Existing interconnection rules vary significantly in the way they address these needs, but
there are basically three strategies for dealing with these issues:

e The rules themselves set forth the specific design and operating characteristics
that must be met (or do so by reference to external standards);

e Provision is made for pre-certification or type testing of specific technologies
which are then deemed pre-approved for interconnection; or,

e Determination of requirements is not addressed or is left to the judgment of the
utility.

Inverter-based Technologies

Current state-of-the-art inverter systems are capable of performing many of the required
protective functions internally, without the need for additional protective equipment. As
a result, a number of the interconnection rules have developed explicit standards for
inverter-based technologies. The application of these standards occurs at two levels.

First are the actual technical standards themselves. Two external standards (among
others) and, in the case of photovoltaic systems a third, apply to inverter-based
interconnections. They are IEEE Standard 1547, “Standard for Interconnecting
Distributed Resources with Electric Power Systems,” UL Standard 1741, “Inverters,
Converters, and Controllers for Use in Independent Power Systems,” and IEEE Standard
929, “IEEE Recommended Practice for Utility Interface of Photovoltaic (PV) Systems.”
Generally these standards set forth the nominal voltage and frequency parameter that
must be met and the limits allowed for anomalies such as flicker, interference, etc., and
the time allowed for disconnection when the required parameters are no longer being met
or for reconnection following a system failure or automatic disconnection.

Second are the creation of safe harbor or so-called “fast track™ rules and the notion of
type certification (sometimes called pre-certification) which moves this technology closer
to a “plug-n-play” status (here collectively referred to as “Type Certification”). Type
Certification requires that the units undergo standardized testing, usually by a Nationally
Recognized Testing Laboratory (NRTL), such as Underwriter’s Laboratory, and that the
results of those tests be made available. Type certified units typically must also be
“listed” by the laboratory and the equipment labeled as such.
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Table 3 Inverter-Based Technical Standards and Inverter-Based Type Certification

Topic Technical Standards Type Certification
California “Utility interactive” inverters do not require Specific type-testing requirement, based
separate synchronizing equipment, other than | on UL 1741 including Utility Disconnect
certification related standards. Switch, Field Adjustable Trip Points, DC
Non-islanding inverters < 1kVA are exempt Isolation, Simulated PV Array (Input
from manual disconnect device requirement Source) requirements, Dielectric Voltage
Withstand test, Power Factor, Harmonic
Distortion, DC Injection, Utility Voltage
and Frequency Variation Test, Reset
Delay, Loss of Control circuit, Short
Circuit Test and Load Transfer Test.
FERC No specific inverter-based standards No inverter-specific type certification
articulated, other than certification standards provisions; however FERC has generic
type certification rules (See Type
Certification discussion below).
Ilinois No specific inverter-based standards No inverter type certification provisions.
articulated
IREC No specific inverter-based standards Facilities must meet IEEE 1547 and UL
articulated 1741 standards & be tested and listed by
a NRTL and meet definition for
certification under FERC rules (Order
2006)
MADRI No specific inverter-based standards No inverter-specific type certification
articulated provisions; however has generic type
certification rules for any small
generator (See Type Certification
discussion below).
Maryland No specific inverter-based standards No inverter-specific type certification
articulated provisions; however has generic type
certification rules for any small
generator (See Type Certification
discussion below).
Massachusetts | No specific inverter-based standards No inverter-specific type certification
articulated provisions; however has generic type
certification rules for any small
generator (See Type Certification
discussion below).
Minnesota No specific inverter-based standards No inverter-specific type certification

articulated

provisions; however has generic type
certification rules for any small
generator (See Type Certification
discussion below).
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Topic Technical Standards Type Certification

New York Must disconnect for voltage or frequency trip | State maintains list of certified
condition; Non-certified equipment must meet | equipment. (See Type Certification
IEEE 929 anti-islanding standard and IEEE discussion below)

519 harmonic limits and be protected by
utility grade relays;

Must be designed for parallel operation;
Synchronization may not result in excessive
voltage deviations; Line inverter may be used
if demonstrated to be isolate customer from
system safely and reliably. Single phase
inverters and inverter systems <= 15 kW are
exempt from normal verification testing but
must be verified upon initial operation and
once annually thereafter

Oregon No specific inverter-based standards No inverter-specific type certification
articulated provisions; however has generic type

certification rules for any small
generator (See Type Certification
discussion below).

Texas Line-commutated inverters do not require No inverter-specific type certification
synchronizing equipment. Self-commutated provisions; however has generic type
inverters whether of the utility-interactive type | certification rules for any small
or generator (See Type Certification
stand-alone type may be used in parallel with | discussion below).
the utility system only with synchronizing
equipment.

Washington All inverter-based systems must meet No certification or type testing is
requirements of IEEE 1547, UL 1741 and provided for in the rule.

IEEE 929

Wisconsin No isolation by a transformer may be required | No inverter-specific type certification

for a line-commutated inverter. provisions; however has generic type
certification rules for any small
generator (See Type Certification
discussion below).

Treatment of inverter-based systems remains an area of moderate inconsistency, in terms
of specified technical standards. It appears that most, if not all, of the necessary technical
standards for inverter-based systems are covered by existing IEEE and UL standards,
which are easily incorporated into interconnection rules. Both California and New York
address detailed standards for inverter-based systems, but it should be noted that these
states adopted standards for interconnection before IEEE 1547 was finalized. If and
when these two states undertake additional reviews of their rules, we may see these
passages replaced with adoptions by reference of the IEEE and UL standards.

One major area of contention and inter-jurisdictional inconsistency that remains relates to
the need for an external, utility-accessible, disconnect switch. Ultility experience with
existing DG resources has been to usually require such switches. Absent an explicit
exception to this in the interconnection rule, it is a near certainty that utilities will impose
a disconnect switch requirement on most interconnections.
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The utility argument for requiring a disconnect switch is straightforward and, on its face,
seems compelling: that any time the distribution system is de-energized, to protect the
safety of utility employees and the public, the utility must be able to positively ascertain
that no customer-owned generation is feeding energy into the system and must have
access to a switch to disconnect the generator from the system to confirm that this is the
case.

Providers of appropriately designed small inverter-based systems, on the other hand,
insist that their technology automatically provides this function internally and that any
requirement for an external switch is redundant and an unnecessary additional cost.
There is some reason to support this view, given the current status of IEEE/UL standards
that already cover the automatic disconnect and reconnect functions of an inverter-based
system in a published standard. They insist this is a critical issue because, for many
installations, the additional cost of a disconnect switch may render the project
uneconomic.

This is an area that ultimately must be resolved on the basis of the judgment of the
regulators, enlightened by experience going forward. California (< 1 kW) and IREC
exempt units from disconnect switches, while California (> 1 kW), Illinois (ComEd >40
kW), Maryland, Minnesota, New York, Oregon, Texas, Wisconsin and MADRI require a
disconnect switch. Massachusetts leaves this issue to the discretion of the utility. °
FERC references it only in terms of “if required” without specifying whether it is
required.'*

As will be seen below, inverter-based technology, especially for smaller units, is also
likely to be well-suited for a Type Certification process and the related “fast track”
processes that many jurisdictions have adopted.

Interconnection Facilities and System Modifications

The installation of DG may require construction of facilities on the utility’s side of the
meter or modifications to existing facilities. In most cases, the cost of such facilities or
modifications is to be paid by the interconnecting customer. However, some jurisdictions
have elected to exempt some types of installations from paying such costs. Occasionally,
these kinds of investments may also address other existing or future system needs, in
which case some form of cost allocation or sharing would be appropriate. Some
jurisdictions also provide explicit financing options that allow customer to pay for such
facilities over time, rather than in one up-front lump sum.

1 Other states (not included in our overall review) that do not require a disconnect switch are Arizona
(other than APS), Colorado (but not Cooperatives), New Jersey (Class I Renewables only). Other state (not
included in our overall review) that require a disconnect switch are Arizona (APS), Colorado Cooperatives,
Connecticut, Delaware, Hawaii, Idaho, Indiana, Kansas, Michigan, Missouri, North Carolina and Vermont.
Ohio leaves this to the discretion of the utility. Source: IREC, http://www.irecusa.org/connect/state-by-
state.pdf.

" IREC reports FERC as not requiring a disconnect switch, but the language of the rule seems refer to an
“if required” approach. Source: IREC, id.
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Even though the customer may pay the interconnection facilities or system modifications,
as a general rule, all facilities that are installed on the utility’s side of the meter will be
owned and operated exclusively by the utility.

For the most part, the determination of the need for system modifications is made in the
context of system studies conducted during the interconnection process. The subject of
the need for and cost of system studies is addressed elsewhere in this analysis.

Metering, Monitoring, Telemetry and Control

Closely related to system modifications is the imposition of additional metering,
monitoring and telemetry requirements for the DG facility. There are both economic and
engineering reasons for these requirements.

For economic purposes, metering may be required in order to meter energy exported from
the customer’s site into the utility system in order to quantify sales to the utility or into
the wholesale market. Even where there are not exports into the system, the utility’s
tariff structure may require that the customer’s energy production be accounted for
separately from its load, thus requiring metering of the generation output.

For engineering purposes, the utility may want or need to meter, monitor and have access
to telemetry from the DG unit to verify that it is not adversely affecting the system and is
operating within the nominal parameters allowed for voltage, frequency and other
criteria. Units that participate in capacity or reliability programs may require remote
operational capability enabling the utility to dispatch for such purposes.

For larger DG installations, the costs of metering, monitoring, telemetry and control are
not likely to be of significant concern. For smaller units, however, such costs can quickly
overwhelm the economics of the installation. As a result, metering, monitoring,
telemetry and control requirements have the potential to operate as barriers to the
deployment of smaller technologies.

In states that have adopted net metering rules, special treatment may be afforded facilities
that qualify for net metering. Often some or all of the costs of additional metering
requirements may be borne by the utility. Other restrictions on the utility’s ability to
require additional metering requirements may also be imposed for net metered facilities.
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Table 4 reveals the diversity in detail that different rules have utilized to address both
system modification requirements and associated metering, telemetry and control
requirements. In some cases, IREC for example, metering is left largely unaddressed,
while in other, Minnesota and New York for examples, there are extensive provisions
addressing the types of metering required, responsibilities for installation, ownership,
maintenance and repair.

Likewise, while most of these rules require the customer to pay the cost of system
upgrades, some rules address this requirement with a simple statement to that effect,
while others provide a more elaborate description of the manner in which costs are
calculated, allocated and recovered. One state, California, includes explicit requirements
providing for the financing of utility owned investments that must be paid by the
customer, allowing the cost recovery to occur over time.

Facilities and metering requirements also vary by size of the installation, the nature of the
operations (extended parallel operation or not) and purpose of the installation (sales to the
utility or to others, etc.).

Ideally, the disparity among these rules would be reconciled into a more common
scheme; however, this may be problematic because, especially in the case of the metering
requirements, the need for different metering schemes is closely tied to other tariff and
service obligations in each of the jurisdictions.

Application Process

The process required to allow generation to be interconnected to the system can be as
important to the successful deployment of DG as the technical requirements. The process
includes several components:

e A written application

e Application Fees

e Determination of the need for studies and determination of the cost of those
studies; and,

e Determination of the need for system modifications or upgrades and
determination of the costs for those modifications or upgrades.

A clear, understandable and simple process for interconnection should be one of the
objectives of an interconnection rule. A common approach among the jurisdictions is for
the application process to define some number of system types and configurations,
primarily smaller systems, that can be processed on a simplified, or “fast track” basis."
While there is usually a strong correlation between system size and the simplicity of the
process, the jurisdictions exhibit little consistency in adopting the size points used to
qualify systems for fast track approval. Table 5 summarizes the different processes used
by the various jurisdictions:

'> Here, unless the context requires specificity, collectively referred to as “fast track.”
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Table 5: Types of Review Processes and Fast Track Approvals

Jurisdiction

Processes/Types of Review

California

California has an “Initial Review” and a “Supplemental Review.” If the project fails the
screens for these reviews, then the process moves to an “Interconnection Study.”

FERC

FERC has a “Fast Track Process” for systems nor larger than 2 MW and “10 kW Inverter
Process” for small inverter-based systems. The “Fast Track Process” includes an “Initial
Review” and a “Supplemental Review” process. Projects not meeting screens of the Fast
Track Process or of the 10 kW Inverter Process” move into the “Study Process” which
includes provisions for a “System Impact Study” and a “Facilities Study”

Illinois

Illinois has an “Initial Review” which applies “Primary Screening Criteria” and then, if
necessary, “Secondary Screening Criteria.” Facilities that fail these screening steps, then
move to a “Scoping Meeting” to determine whether a “Feasibility/Impact Study” should
be performed. The Feasibility Study may lead to a Transmission Impact Study (if
transmission and distribution not owned by same owner, then process may invoke the
FERC interconnection notification protocols and the transmission study will proceed
under the FERC tariff). The Feasibility Study may also lead to a Facilities Study.

IREC

IREC procedures are organized into four “levels.”

Level 1 is for certified, inverter-based systems <=10 kW on a radial system (or on a spot
network under certain conditions).

Level 2 is for certified generating facilities <=2 MW that pass certain specified screens
Level 3 is for certified generating facilities <=10MW that pass certain screens , do not
export power beyond the PCC

Level 4 is for all facilities <=10 MW that do not qualify for Levels 1, 2 or 3.

IREC assumes all units larger than 10 MW will be FERC jurisdictional. Level 4 includes
a Scoping Meeting/Discussion and may include a Feasibility Study, an Impact Study and a
Facilities Study.

MADRI

MADRI procedures are organized into four “levels.”

Level 1 is for certified, inverter-based systems <= 10 kVA.

Level 2 is for certified, inverter-based systems that are <= 2 MVA or systems that did not
pass a Level 1 review.

Level 3 is for systems <= 10 MV A which do not qualify for or did not pass the Level 1 or
Level 2 reviews

Level 3A is for systems that do not qualify for Level 1 or Level 2 review and do not
export power to the system.

Maryland

Maryland procedures are organized into four “levels.”

Level 1 is for certified, inverter-based systems <= 10 kVA.

Level 2 is for certified, inverter-based systems that are <=2 MVA or systems that did not
pass a Level 1 review.

Level 3 is for systems <= 10 MV A which do not qualify for or did not pass the Level 1 or
Level 2 reviews

Level 4 is for systems that do not qualify for Level 1 or Level 2 review and do not export
power to the system.

Massachusetts

Massachusetts has three processes:

Simplified Process: For Facilities that are 10 kW or less, qualified, and inverter-based.
Expedited Process: For certified Facilities, using a set of technical screens to determine
grid impact.

Standard Process: for Facilities that do not qualify for Simplified or Expedited treatment.

Minnesota

Minnesota uses a single screening process to determine if some units can by-pass the
study process. Units <= 40 kW are exempted from some requirements of interconnection
rule.

New York

New York provides a simplified process for systems <= 15 kW and provides for Type Pre-
certification. New York maintains its own list of certified systems.
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Jurisdiction

Processes/Types of Review

Oregon

Oregon procedures are organized into four “levels.”

Level 1 is for certified, inverter-based systems <= 10 kVA.

Level 2 is for certified, inverter-based systems that are <= 2 MVA or systems that did not
pass a Level 1 review.

Level 3 is for systems <= 10 MV A which do not qualify for or did not pass the Level 1 or
Level 2 reviews

Level 4 is for systems that do not qualify for Level 1 or Level 2 review and do not export
power to the system.

Texas

Texas has an equipment pre-certification procedure, but no “small system” fast track
approval. Pre-certification exempts units from further review of the system design. “Pre-
interconnection” studies may be conducted by the utility, apparently at the utility’s
discretion. No study fees may be charged for systems <= 500 kW on a non-network
connection.

Washington

Washington has no fast track process per se. Washington’s rule only applies to systems
<= 25 kW. Rule prescribes specific technical standards to be met. Rule is silent regarding
studies.

Wisconsin

Utility determines whether an engineering review is required. Rules provide for “certified
paralleling equipment.” Certified equipment is exempt from system design review, but
not engineering studies.
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