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EXECUTIVE SUMMARY
This report recommends reforms to federal and state interconnection procedures to meet
the demands of a growing national marketplace for solar photovoltaic (PV) and other
small renewable generators that interconnect to electric distribution systems. Updating
federal and state interconnection processes can have a significant, positive impact on the
efficiency and transparency with which renewable energy systems are interconnected
nationwide, which in turn can have a significant impact on the cost of meeting state
policy goals. For instance, with increasing interconnection applications, recent experience
shows many applications at the distribution system-level do not actually go forward to
implementation. Thus, reforming interconnection procedures may indeed make the
process more effective for everyone involved – system owner and integrators, as well as
the electric utilities.
Interconnection processes serve two fundamental purposes: 1) they provide a transparent
and efficient means to interconnect generators to the electric power system; and 2) they
maintain the safety, reliability and power quality of the electric power system. Federal
and state regulators are faced with the challenge of keeping interconnection procedures
updated against a backdrop of evolving technology, new codes and standards, and
considerably transformed market conditions. This report is intended to educate
policymakers and stakeholders on beneficial reforms that will keep interconnection
processes efficient and cost-effective while maintaining a safe and reliable power system.
Although the discussion in this report focuses on PV, which is the dominant generating
technology presently seeking interconnection to electric distribution systems, the
interconnection reforms recommended in this report apply to all generating technologies.
Section 1 of the report provides a concise history of the major activities that helped shape
the national landscape for interconnection procedure development between 2000 and
2006. Section 1 highlights the development of statewide interconnection procedures for
small generators in California in 2000; the development of Institute of Electrical and
Electronics Engineers (IEEE) Standard 1547: The Standard for Interconnecting
Distributed Resources With the Electric Power System in 2003; the Federal Energy
Regulatory Commission’s promulgation of Small Generator Interconnection Procedures
(SGIP) in 2005; and the federal Energy Policy Act of 2005 and its impact on state
consideration of interconnection policies to facilitate growth in distributed energy
resources.
Section 2 outlines three substantial market evolutions since 2006 that have triggered the
need for interconnection reform across the United States. These new market conditions
include: 1) tremendous growth in solar PV markets, prompted by state renewable energy
goals; 2) an increase in generating system sizes and generators that do not primarily serve
onsite load; and 3) growing areas of high solar penetration that raise new considerations
for both utilities and developers in managing further development.
Section 3 discusses specific modifications worth considering, including expanding the
amount of information made available to developers in a pre-application report process;
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increasing the efficiency with which interconnection applications are processed,
particularly for very small generators; updating initial technical review screens to
increase the reliability and safety of interconnections; providing a supplemental review
process for projects that fail initial review screens; and streamlining the study process to
make more efficient use of utility resources and spread system upgrade costs across
interconnection applicants.
Section 4 recaps and summarizes the recommendations provided in Section 3.
Attachment 1 provides California Rule 21 Supplemental Review Screens (Rule 21 G.2)
INTRODUCTION
By 2015, the United States will need to interconnect more than 30,000 MW of new
renewable generating capacity to meet existing state and federal renewable energy policy
goals. 1 By 2035, the additional generating capacity needed to satisfy existing policy goals
increases to 100,000 MW. 2 Already, state and federal policies are promoting nearly 1,900
MW of solar PV installations annually. 3
State and federal interconnection policies, which clarify the steps and responsibilities for
interconnecting new generating facilities to the nation’s electric power system, have a
direct and substantial impact on the timing and cost of bringing new generating capacity
online. An effective interconnection process, which contributes to lowering the cost of
interconnection and therefore the overall cost of developing new capacity, facilitates
market entry by smaller generators, increases wholesale market competition, and
encourages investment in needed generating capacity and electric transmission and
distribution system infrastructure. 4
Ensuring that federal and state interconnection processes are adequate is a necessary step
to achieving these goals. However, the effort required to update interconnection policy
can overwhelm even a well-resourced regulatory agency. Interconnection policies address
complex, technical issues, and the utilities and developers that engage in the process
often have divergent views about the goals the process should aim to achieve.
Utilities are responsible for maintaining the safety and reliability of electric power
systems. Many are liable to regulators for their failure to do so. From a utility standpoint,
the interconnection of even a small generator can raise potential safety and reliability
impacts that may need to be addressed. Utilities are thus inclined to want sufficient time
to process interconnection applications to protect against any diminution in safety,
reliability and service quality that may expose the utility to increased levels of risk. If
there is any possibility for reliability or safety impacts, utilities will want to study those
impacts to determine appropriate protective or mitigating measures.
For developers, the interconnection process is one of the most time-consuming and costly
aspects of developing a generating facility. Frequently, developers claim that the process
is opaque and consists largely of internal utility business practices such that
implementation varies drastically from utility to utility. 5 Moreover, this lack of
2

transparency and certainty introduces significant development risk. Delays in the
interconnection process slow development and may undermine access to valuable tax
incentives and utility solicitations.
Developers typically want greater access to information about the electric power system
so they can better determine lower-cost, lower-impact places to interconnect. They also
want more certainty and transparency regarding the cost and timeline for processing
interconnection studies and greater justification by utilities as to why any interconnection
upgrade requirements mandated by them are indeed necessary. 6
Regulators are faced with the often challenging task of balancing these divergent
perspectives to find “win-win” solutions that allow utilities to maintain the safety and
reliability of electric power systems while providing developers a transparent, efficient,
and cost-effective process that operates on reasonably predictable timeframes. Regulators
are also faced with the challenge of keeping interconnection processes up to date against
a backdrop of evolving technology, updates to relevant codes and standards, and changed
market conditions.
Over the past decade, the combination of increasing electricity prices, decreasing cost of
small generator technology, and strong financial incentives for renewable energy has
triggered states such as California, Colorado, Hawaii, Massachusetts, New Jersey, and
others to experience high volumes of interconnection applications and, in certain areas,
high penetrations of solar PV and other renewable generators on their electric distribution
systems. In these states, increased market interest in small to medium scale renewable
projects has overwhelmed existing interconnection processes, leading to bottlenecks and
significant delays. 7 Regulators have been called upon in those states to update
interconnection policies to keep pace with the changed market conditions.
To assist with a reevaluation of existing interconnection policies, the National Renewable
Energy Laboratory (NREL), United States Department of Energy, Sandia National
Laboratories, and the Electric Power Research Institute published a February 2012 report
titled Updating Interconnection Screens for PV System Integration (“Interconnection
Screens Report”). 8 The Interconnection Screens Report makes recommendations to
improve the screening process for interconnection applications, with a focus on a
ubiquitous 15% penetration screen that is found in many federal and state interconnection
processes. 9 This screen is perceived as a significant barrier to PV deployment by many
solar developers and other stakeholders. 10
Recognizing the 15% screen as a perceived barrier to reaching higher penetrations of
deployed solar PV systems, the Interconnection Screens Report makes short, medium and
long-term recommendations to update this screen. The short-term recommendations
include simple modifications to the screening process to include PV-specific screening
criteria that better account for the daytime generating profile of solar PV. Longer-term
solutions require cooperation among regulatory and governmental agencies, utilities, PV
developers and others to work toward more widespread interconnection reform.
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This paper follows up the Interconnection Screens Report to discuss ways in which state
and federal regulators have recently reformed interconnection processes in light of
changed market conditions, looking beyond just the 15% penetration screen. Relying on
state practices and the Interconnection Screens Report’s technical recommendations, this
paper offers practical suggestions for updating state and federal interconnection policies.
Recommendations in this paper focus on:
•
•
•
•
•

Improved access to information about distribution system conditions at points of
interconnection that enable applicants to self-screen projects in a manner that
reduces applications for interconnections in certain areas
Increased efficiency in the application process for very small, certified inverterbased systems that pose a low likelihood of adverse system impacts of the sort
that require extensive study
Modified fast track technical screens to accommodate generators interconnecting
under new procurement programs and new renewable energy policies
Expanded use of supplemental review for higher-penetration scenarios
Improvements in the interconnection study process to streamline review and allow
for efficiencies in processing applications.

Where appropriate, this paper suggests model interconnection procedure language to help
inform decisions of federal and state regulators exploring this topic.
1. HISTORY OF SMALL GENERATOR INTERCONNECTION PROCEDURES
Existing interconnection processes for small generators were largely developed between
2000 and 2006 with few significant updates since that time. Prior to 2000, few states had
uniform interconnection procedures. Instead, utilities regularly determined the procedural
requirements that would govern the interconnection process on a case-by-case basis. 11
For lack of another proven approach, many utilities applied interconnection procedures
they had in place for qualifying facilities under the federal Public Utility Regulatory
Policies Act of 1978. These procedures were largely designed for facilities
interconnecting to high-voltage transmission lines and were often more cumbersome and
expensive than what was needed for smaller facilities interconnecting to low- and
medium-voltage distribution lines. 12 This created inefficiencies in which lengthy and
costly studies were often required only to determine that upgrade costs would make a
generator financially infeasible. This was particularly problematic for modestly-sized
residential and commercial solar PV systems that were primarily intended to serve onsite
energy needs.
A series of developments from 2000 to 2006 led to a rapid evolution in the development
of standard interconnection processes for small generators interconnecting to distribution
systems. This section provides an overview of the rapid evolution and deployment of
interconnection procedures in the U.S. during that period.
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December 2000: California’s Rule 21
In 2000, California was among the first states to adopt comprehensive procedures for
distribution system interconnections when the California Public Utilities Commission
adopted Rule 21. 13 Rule 21 implemented a screening process through which utilities
could easily and objectively review an interconnection application to determine whether
further studies or additional protective measures may be required. The initial review
screens were designed primarily to ease the interconnection process for generators
intended to serve onsite load. Rule 21 also included timelines to ensure the
interconnection process would move forward in a timely manner.
Since California was among the first states to thoroughly address the interconnection
process for a distribution system interconnection, the state’s Rule 21 served as a basis for
the development of technical standards, federal rules and other state procedures in
subsequent years.
June 2003: IEEE 1547 Standard
In 2003, the IEEE developed technical Standard 1547: The Standard for Interconnecting
Distributed Resources with the Electric Power System. Standard 1547 provides
requirements relevant to the performance, operation, testing, safety considerations, and
maintenance of distributed generation (DG) interconnection with electric power systems.
Specifically, it provides comprehensive guidelines for “responses to abnormal conditions,
power quality, islanding, and test specifications and requirements for design, production,
installation evaluation, commissioning, and periodic tests.” 14 It was developed through an
extensive, consensus-based stakeholder process and has since received widespread
support and has informed the technical requirements found in federal and many state
interconnection policies for small generators.
The IEEE 1547 standard is not a single static standard. However, it is the first in a family
of standards, with the intent that later IEEE 1547.1 through .8 standards be used in
conjunction with standard IEEE 1547. The evolving series of IEEE 1547 standards
include IEEE subgroups currently developing guidance and recommended practices: a) to
determine the appropriate criteria, scope and extent of distribution impact studies for
distributed resource interconnections, and b) to address changes to the current standard to
accommodate high penetrations of intermittent generators. These will be standards
1547.7 and 1547.8 respectively. Although this work will undoubtedly inform future
modifications to state and federal interconnection processes, there is much in the way of
screening and processing of interconnection applications that IEEE standards do not
address.
A notable limitation of the 1547 standard is that it does not address technical
considerations defining the maximum allowable amount of generation beyond the point
of common coupling—the point at which one generating facility is physically
interconnected to the utility electric power system. 15 Standard IEEE 1547 does not
address operations and impacts upstream or downstream from that point. In addition, it
does not address non-technical issues such as the timeframe or cost of interconnection..
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These issues are left to the determination of regulators in the development of
interconnection processes and other valuations.
May 2005: FERC Small Generator Interconnection Procedures
In 2005, the Federal Energy Regulatory Commission (FERC) adopted Small Generator
Interconnection Procedures (SGIP) and a corresponding Small Generator Interconnection
Agreement (SGIA). 16 The SGIP and SGIA are based on FERC’s Large Generator
Interconnection Procedures and Agreement, but apply to generating facilities of 20
Megawatts (MW) in capacity or less. 17
The FERC SGIP was vetted by a broad range of industry participants and adopted
through FERC Order 2006 in May 2005, and Orders 2006-A and 2006-B in the
subsequent year. 18 The SGIP and SGIA apply to FERC jurisdictional interconnections,
including facilities that a) interconnect to FERC-jurisdictional transmission systems, or
b) interconnect to FERC-jurisdictional distribution systems to sell wholesale generation
in interstate commerce (e.g. a wholesale generator is already interconnected with the
specific distribution line and the distribution line is covered by a FERC-approved Open
Access Transmission Tariff).
SGIP includes three levels of review: Level 1 is a simplified screening process for
certified inverter-based systems less than 10 kilowatt (kW); Level 2 is a "Fast Track
Process," for eligible generators no larger than 2 MW; Level 3 is a “Study Process” for
all other systems 20 MW or less. SGIP applies ten interconnection screens for the first
two review levels, including the previously noted screen that requires an interconnection
study for generators that cause aggregate generation capacity to exceed 15% of annual
peak load on a line section of a radial distribution circuit.
SGIP was developed both to govern FERC-jurisdictional interconnections and to serve as
a model that state regulators may use as a starting point for developing their own
interconnection procedures and agreement. 19
August 2005: Energy Policy Act of 2005
A survey in 2000 by NREL found that virtually all distributed-generation projects met
some sort of resistance from utilities when they try to interconnect with the grid. 20 Partly
in response to that finding, Congress included Section 1254 in the Energy Policy Act of
2005 (EPAct ‘05), which required state regulatory commissions and certain nonregulated utilities to consider adopting interconnection procedures based on the IEEE
1547 Standard and current “best practices.” 21
At least 31 states adopted or amended their interconnection processes in some form or
another in the years following the enactment of EPAct ‘05. 22 Many of these states
modeled their interconnection policies on FERC’s SGIP. A few Western states modeled
their procedures on California’s Rule 21. 23 It is not clear whether these policies were
adopted as a result of federal law. It is evident, however, that EPAct ‘05 had a significant
impact by raising awareness about interconnection issues and by spurring dialogue at a
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state regulatory level. As of August 2012, 43 states plus the District of Columbia and
Puerto Rico had adopted interconnection policies. 24
2. INTERCONNECTION NEEDS GOING FORWARD
Many key steps in the development of standard interconnection processes for small
generators occurred prior to 2006. As the U.S. market for solar PV technologies and
small renewable generators has diversified and expanded in recent years, it has become
increasingly important to reevaluate and update existing interconnection processes to
properly accommodate and encourage this growth now and into the future without
compromising the safe and reliable operation of the nation’s electric power systems.
The growth and expansion in the solar market has largely been a result of the widespread
adoption of state Renewable Portfolio Standards (RPS) over the last decade. Most of the
country’s 30 RPS policies have been established or considerably expanded since 2005, 25
and 17 of these policies include a solar or DG carve-out. 26 Available data shows that by
2010, national RPS obligations extended to half of the retail electric load consumed in the
United States 27 and required utilities to generate or purchase close to 100 million
Megawatt hours (MWh) of renewable and alternative energy generation. 28
To meet new demands for solar energy generation, state policies have expanded
traditional mechanisms that supported smaller customer-owned installations, such as
residential rooftop PV, to include larger systems that supply multiple customers. For
example, since 2005, community solar programs have emerged in at least 15 states. 29
Definitions of community solar vary from state to state, and even from project to project,
but generally speaking, community solar programs allow multiple customers to receive
benefit from, or assume shared ownership of, a single solar system. Most community
solar installations have been large, ground-mount systems, with little or no onsite load
being served.
Solar policies have also expanded to include wholesale programs designed to encourage
power exports to the electric power system. These wholesale generators may serve little
or no onsite load. Wholesale policies aimed at DG have expanded rapidly over the past
five years and include feed-in tariffs (FIT), auction mechanisms, and competitive
solicitations. By 2010, 7 of the top 10 states for installed solar capacity had one or more
types of wholesale DG programs. 30 In the last few years alone, California has authorized
almost 3 gigawatts (GW) of DG procurement programs, mostly through requests for
proposals, auctions, and FIT programs. 31
As a result of the growth in DG procurement programs, many utilities across the nation
have experienced an increasingly high volume of interconnection applications, both for
large and small generators. In 2005, only 79 MW of grid-connected PV capacity was
installed across the United States. Five years later, the grid-connected solar PV capacity
installed in just one year totaled 878 MW, 32 over ten times the cumulative amount
installed just five years earlier and double the capacity that had been installed the prior
year. Annual grid-connected PV capacity more than doubled again in 2011 to 1,845 MW
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(see Figure 1 below), which brought the grid-connected PV capacity in the United States
to 4,000 MW by the end of that year. 33 That is a 500% increase in 7 years.

Figure 1. Annual Installed Grid-Connected PV Capacity
Solar Electric Power Association (SEPA)’s 2011 Utility Solar Rankings report describes
the incredible undertaking this can mean, particularly for utilities in the top solar states:
“Utilities are adapting to solar as their fastest growing electricity source. In 2011,
utilities interconnected over 62,500 PV systems, 89% of which were residential
homes, and which was a 38% growth over 2010. Thirteen utilities interconnected
more than 1,000 PV systems and 22 interconnected more than 500 systems. To
put this in perspective, about 350 non-solar power plants (> 1 MW) were
expected across the entire U.S. in 2011. This annual volume of smaller,
distributed solar interconnections is unlike anything the utility industry has
previously managed, and conservative forecasts indicate that this number will
grow to more than 150,000 interconnections in 2015.” 34

Although dramatic, the installed-capacity figures for solar PV do not fully convey the
total number of interconnection applications being received by utilities in states with
robust renewable energy policy requirements. Many interconnection applications do not
lead to installed capacity because the applicants abandon project development after
learning that expensive upgrades may be needed. Thus, the number of interconnection
applications—and the work associated with every interconnection application—can
greatly exceed both the total installed capacity and the number of systems that are
8

ultimately interconnected. For example, the California Independent System Operator
claims its queue has four times the amount of new generating capacity than is necessary
to meet California’s 33% RPS goal, and it expects 75% of projects currently in the queue
will not be completed. 35
As the amount of installed PV and DG capacity has increased, utilities have begun to
experience high penetrations of PV on areas of their distribution systems. Continued
rapid growth in solar and DG markets will inevitably result in more areas with a high
penetration of DG resources. There is no technical consensus on the percentage of DG
resources that defines high penetration on a given utility distribution feeder. Moreover,
the impact of DG on the distribution system varies according to factors such as a) the
type of resource, b) the expected performance of the resource, c) the usage patterns of
customers on the distribution feeder, and d) the location of the DG on the feeder.
From an engineering perspective, a circuit has reached “high penetration” when utility
engineers determine that upgrades need to be made to the circuit before additional
generation can be installed. There are no absolute technical limits to grid penetration.
However, many utilities and research organizations around the country have begun
studying the impact that high-penetration PV is having, or may have, on electric power
systems in their regions. 36 For example, Hawaii’s Kauai Island Utility Cooperative has
been testing a 1.2 MW PV project that supplies up to 90% of a distribution circuit’s
demand and has not experienced any disruption to the overall power quality on that
circuit. 37 This is an important preliminary finding, given that Hawaii has an RPS mandate
to achieve 40% renewable energy by 2030—the most ambitious in the country. 38
Although most utilities do not publish information about penetration levels on their
distribution feeders, it is clear that several regions of the country are already experiencing
high penetration due to the sheer volume and concentration of DG that has interconnected
or is requesting interconnection. In SEPA’s 2011 Utility Solar Rankings report, the
authors noted that, “[t]he nation’s most solar active utilities integrated almost 1,500
megawatts (MW-ac) of new solar, equivalent to six natural gas power plants…” 39
It is also clear that these high penetration solar regions have expanded beyond just
California and are now moving into Eastern states. In 2008, 93% of the nation’s total
annual solar capacity was installed in the Western region. By 2011, however, Western
states held only 61% of the nation’s annual installed solar capacity, 40 and only two
California utilities were among the top ten for Cumulative Solar Watts-per-Customer (see
Figure 2 below). 41
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2011

2010

1

Not Ranked

2

Utility

Watts (AC)

Vineland Municipal Electric (NJ)

991.2

5

Maui Electric Co. (HI)

209.3

3

66

Blue Ridge Mountain EMC (GA)

194.7

4

11

Atlantic City Electric (NJ)

5

2

Kauai Island Utility Co-op (HI)

179.1

6

18

Arizona Public Service - APS (AZ)

176.3

7

1

Southern California Edison (CA)

151.9

8

117

Fayetteville Public Utilities (TN)

150.1

9

9

Hawaiian Electric Co. (HI)

148.5

10

6

Pacific Gas & Electric (CA)

146.2

185

Figure 2. 2011 Cumulative Solar Watts-per-Customer
As U.S. and individual state energy needs grow and evolve, it has become increasingly
important for regulators to revisit and update interconnection procedures to ensure they
remain adequate in the face of a dynamic and growing market. In 2011, the California
Public Utilities Commission (CPUC) opened a rulemaking to re-examine California’s
Rule 21 interconnection procedures in light of changed market conditions, stating:
“…when a generator seeks to primarily offset on-site load, interconnection under
the existing Rule 21 generally occurs efficiently. In contrast, generators seeking
to export a portion or all of their generation to the utility’s distribution system
lack a straightforward means of interconnection under the effective Rule 21.
Exporting generators eligible to use Rule 21 as the interconnection tariff include
those participating in a number of procurement programs administered by the
Commission, including the renewable feed-in tariff, the efficient combined heat
and power feed-in tariff and Qualifying Facilities up to 20 megawatts.” 42

Several other states such as Hawaii, Massachusetts, and New Jersey have engaged in
similar interconnection reform processes. Many of the reforms being considered are an
attempt to accommodate the influx of interconnection applications being filed by
participants in programs implemented to meet state policy goals. In Hawaii, a multi-party
stakeholder process convened from 2010 to 2011 produced a broad range of
recommendations to reform Hawaii’s Rule 14H interconnection process. Likewise, the
CPUC-initiated rulemaking from 2011 led to a broadly-supported proposal put forth by a
range of parties, including California’s three largest investor-owned utilities, to
significantly overhaul the California Rule 21 interconnection process. Efforts to reform
state interconnection processes in Massachusetts and New Jersey were ongoing as of this
publication. Not surprisingly, these states have a diverse and rapidly-growing solar
market and have experienced the most pressing need to address interconnection reform.
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3. DISCUSSION OF POSSIBLE SGIP MODIFICATIONS
With the exception of the handful of states and utilities that have recently updated their
interconnection processes, most existing interconnection processes were implemented
prior to significant changes in the solar market that have occurred over the last seven
years, and were designed for lower penetrations that are increasingly being reached.
The FERC SGIP process and the state processes modeled after SGIP provide a
reasonably cost-effective and efficient process for small DG at penetrations up to 15% of
peak load on a distribution feeder. However, the SGIP process becomes more expensive,
time consuming, and less certain once that penetration level is reached. In many parts of
the country, this penetration has been reached, and the Interconnection Screens Report
notes that the lack of a well-defined process for interconnecting generators to the
distribution system at higher penetrations has become a barrier to continued PV system
deployment. 43 Some developers have claimed that some utilities are closing feeders to
new interconnections after 15% of peak load penetration is reached. 44
Interconnection procedures must be updated if they are to continue to provide an efficient
and cost-effective process for interconnecting small generators. A well-designed
interconnection process allows utilities to maintain the safety and reliability of the
electric power system while providing a transparent, efficient, and cost-effective process
that operates on predictable timeframes. Such a process can lower the cost of developing
new generating capacity, facilitate market entry by smaller generators, increase wholesale
market competition, and encourage investment in needed infrastructure.
SGIP has been an influential interconnection model in the United States. It has been
incorporated into the tariffs of FERC-jurisdictional utilities and therefore has a foothold
in nearly every state within the continental United States. Also, many states have used
SGIP as a template for the development of their state interconnection processes. SGIP’s
three levels of review were incorporated into interconnection procedures in numerous
states across the U.S. including, but not limited to, Colorado, Connecticut, Florida,
Indiana, Maine, Michigan, Oregon, New Jersey, New Mexico, New York, North Carolina,
Ohio, Utah, and Virginia. 45 Many states also use screens that are based on, or are very
similar to, those used in the SGIP Fast Track. 46
Because SGIP has been widely adopted and very influential, it is an appropriate focus for
a discussion about interconnection reform in this report. In light of significant changes in
the marketplace over the last six years, modifications to SGIP and the state processes
modeled on SGIP will help ensure the interconnection process remains relevant in the
face of a rapidly-evolving marketplace and will ensure continued open access for small
generators. Updates to SGIP will also ensure that SGIP continues to serve as a relevant
model for state policymakers to use in updating state interconnection processes.
The following sections examine key components of the SGIP process and discuss
potential improvements and/or areas that warrant further study to respond to the increased
volume and high-penetration scenarios discussed above. The “Pre-application
Information” section discusses the information presently available to an applicant prior to
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submitting an interconnection request, and possible ways to increase access to relevant
information to enable applicants to pre-screen suitable locations. This information would,
in turn, reduce the number of applications utilities may need to process for projects in
locations that are not likely to be financially viable.
The subsequent three sections focus on the three levels of SGIP review: the Level 1 10
kW Inverter Process, the Level 2 Fast Track process for generators 2 MW or less, and the
Level 3 full Study Process for all other generators up to 20 MW in capacity. These
sections highlight areas of SGIP that may be creating inefficiencies in the interconnection
process or provide inadequate screening for potential technical issues. Where possible,
each of these sections discusses modifications that have been approved by FERC or state
regulatory agencies.
PRE-APPLICATION INFORMATION
As markets for solar PV and DG grow, utilities are increasingly being faced with lengthy
interconnection queues. However, a significant number of projects in the queue drop out
after they receive study and/or Fast Track results, or other conditions make it apparent
that a proposed interconnection is not economically viable. The number of dropouts is
likely to increase as higher penetrations are reached and fewer generators are able to
interconnect without triggering expensive upgrades.
One method to avoid interconnection queues being clogged with projects that may
ultimately prove unviable is to provide potential applicants with additional information
about system conditions at a proposed point of interconnection in advance of an
application being submitted. If applicants have access to additional utility-supplied
information, they may be able to avoid filing speculative interconnection requests and
can relieve some of congestion in utility interconnection queues. Additional information
may also facilitate more efficient use of the existing electric power system by helping
identify areas with available capacity where interconnections may proceed at lower cost
with no or few upgrades.
SGIP Section 1.2 currently provides potential applicants with the option of requesting
information on the electric system at a proposed point of interconnection:
“Electric system information provided to the Interconnection Customer should
include relevant system studies, interconnection studies, and other materials
useful to an understanding of an interconnection at a particular point on the
Transmission Provider's Transmission System, to the extent such provision does
not violate confidentiality provisions of prior agreements or critical infrastructure
requirements.”

However, Section 1.2 does not provide a timeframe for when information must be
provided in response to a request or the level of detail about a proposed point of
interconnection that a potential applicant can expect to receive.
California has taken two important steps in providing additional information about
proposed points of interconnection to potential applicants. First, as part of revisions to
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California Rule 21, a pre-application report would allow developers to request specific
system information about a proposed point of interconnection for a $300 fee. 47 A
developer must provide sufficient information to clearly identify the proposed point of
interconnection. Once a request is received, a utility must provide the information within
10 business days of a request. The type of information that Rule 21 requires utilities to
provide, where available, includes total, queued, and available circuit capacity, line
voltage, distance of proposed point of interconnection to substation, peak and minimum
load data, and, number of phases available at site. 48
The revisions to California Rule 21 only require a utility to provide pre-existing
information, meaning the utility is not required to conduct any new analysis in order to
respond to a request. The information provided is also understood to be subject to change
prior to an application being submitted. Conditions on the electric power system are
dynamic, and thus the information provided may be outdated by the time an application is
submitted.
In addition to the pre-application report, the CPUC has required utilities to publish maps
of their distribution systems that identify areas with capacity available. Hawaii has taken
a similar approach in providing information via online maps on the penetration levels that
have been reached on distribution circuits. These maps enable developers to screen wider
areas for potentially good locations for interconnection. Though they do not provide
sufficient detail to accurately predict the outcome of application of the Fast Track screens,
they provide a useful initial screening tool. These maps may also help the utilities reduce
the number of specific information requests to which they may need to respond.
The pre-application provision in SGIP currently allows for the exchange of relevant
information, but does not provide specific timeframes, or allow utilities to be
compensated for time spent preparing information, or provide applicants with certainty as
to what information will be made available. In order to reduce the number of speculative
applications and increase the efficiency of the interconnection study process for potential
applicants, SGIP section 1.2 could be modified to include greater specificity.
Below, we have provided a possible modification to SGIP Section 1.2 modeled on
California Rule 21 revisions:
1.2.2

In addition to the information described in Section 1.2.1, which may be provided
in response to an informal request, an Interconnection Customer may submit a
formal request along with a non-refundable processing fee of $300 for a preapplication report on a proposed project at a specific site. The Transmission
Provider shall provide the pre-application data described in Section 1.2.3 to the
Interconnection Customer within 10 Business Days of receipt of the written
request and payment of the $300 processing fee.

1.2.3

Subject to Section 1.2.4, the pre-application report will include the following
information:

13

a. Total capacity (in MW) of substation/area bus, bank, or circuit based on
normal or operating ratings likely to serve proposed site.
b. Existing aggregate generation capacity (in MW) interconnected to a
substation/area bus, bank, or circuit (i.e., amount of generation online)
likely to serve proposed site.
c. Aggregate queued generation capacity (in MW) for a substation/area bus,
bank, or circuit (i.e., amount of generation in the queue) likely to serve
proposed site.
d. Available capacity (in MW) of substation/area bus or bank and circuit
most likely to serve proposed site (i.e., total capacity less the sum of
existing aggregate generation capacity and aggregate queued generation
capacity).
e. Substation nominal distribution voltage and/or transmission nominal
voltage if applicable.
f. Nominal distribution circuit voltage at the proposed site.
g. Approximate circuit distance between the proposed site and the substation.
h. Relevant line section(s) peak load estimate, and minimum load data, when
available.
i. Number and rating of protective devices and number and type (standard,
bi-directional) of voltage regulating devices between the proposed site and
the substation/area. Identify whether substation has a load tap changer.
j. Number of phases available at the site.
k. Limiting conductor ratings from proposed point of interconnection to
distribution substation.
l. Based on proposed point of interconnection, existing or known constraints
such as, but not limited to, electrical dependencies at that location, short
circuit interrupting capacity issues, power quality or stability issues on the
circuit, capacity constraints, or secondary networks.
1.2.4

The pre-application report need only include pre-existing data. A pre-application
report request does not obligate the Transmission Provider to conduct a study or
other analysis of the proposed generator in the event that data is not readily
available. If the Transmission Provider cannot complete all or some of a preapplication report due to lack of available data, the Transmission Provider shall
provide Interconnection Customer with a pre-application report that includes the
data that is available. The provision of information on “available capacity” does
not imply that an interconnection up to this level may be completed without
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impacts since there are many variables studied as part of the interconnection
review process, and data provided in the pre-application report may become
outdated at the time of submission of the complete Interconnection Request.
LEVEL 1 (10 KW INVERTER PROCESS) – POSSIBLE MODIFICATIONS
The 10 kW Inverter Process uses the Level 2 Fast Track technical screens to evaluate the
safety and reliability of a proposed interconnection (see discussion on Level 2 below), but
it allows qualified generators to use a shorter application that integrates an
interconnection agreement. 49 This process allows a utility reviewing an application to
execute and return an interconnection agreement to the customer quickly, after initial
review is complete and all the Fast Track screens are passed. FERC intended the 10 kW
Inverter Process to be “quick, inexpensive, and user friendly” 50 and this proposal
supports those goals.
A number of states have adopted modifications to the 10 kW Inverter Process that
improve the efficiency of review for very small generators. These changes are discussed
below.
Possible Modification: Increase Eligible System Sizes
The SGIP 10 kW Inverter Process is intended for generators that are unlikely to trigger
adverse system impacts. Inverter-based equipment has a lower likelihood of causing
adverse system impacts because such equipment can quickly disconnect when a
disturbance occurs. 51 Despite a reduced likelihood of adverse impacts, this process
requires the same amount of technical screening as is given to generators up to 2 MW
participating in Fast Track. The primary benefits of the 10 kW Inverter Process are the
reduced cost and ability to submit a relatively short, combined application and
interconnection agreement. These benefits accrue to both a) customers installing small,
inverter-based systems, and b) utilities through the reduction in administrative time spent
processing a separate interconnection agreement.
Many states feature a 10 kW Inverter Process or “Simplified” interconnection option for
very small generators similar to SGIP. For example, New Mexico, 52 Pennsylvania 53 and
Florida 54 provide simplified processes for systems 10 kW or less. Other states have
expanded the quick, inexpensive, and user-friendly aspect of the 10 kW Inverter Process
to systems of larger sizes. For example, Oregon provides a simplified process for
inverter-based systems 25 kW or less that are UL 1741 certified. 55 In Oregon’s case, the
residential net metering eligibility limit is also 25 kW, meaning residential customers
installing net-metered generation have a highly efficient interconnection path.
Massachusetts provides a simplified review for systems up to 25 kW, so long as they are
interconnecting using a three-phase service and meet other conditions. 56
At the time SGIP was first adopted, most residential PV systems were well under 10 kW,
but as the market has grown, so has the size of the average PV installation. Recent data
shows that the size of residential systems, which still make up the bulk of the PV systems
installed in the U.S., is 5.7 kW DC . 57 Although the size of an average residential system is
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still less than 10 kW, many state programs allow for generators larger than 10 kW to netmeter. As the volume of residential interconnection applications increases, it makes sense
to ensure continued administrative ease in the interconnection of these generators.
Because all generators that interconnect under the 10 kW Inverter Process are subject to
the Fast Track screens, increasing eligibility above 10 kW will not reduce the screening
applied to a generator for safety, reliability, and power quality issues. As the state
examples demonstrate, it is unlikely that utilities need a more complicated application
form or interconnection agreement for generators up to 25 kW, and possibly even larger
generators. Thus, it may be reasonable to extend this process to a greater number of
residential and small commercial systems by increasing the size limit of generators
eligible for the Fast Track screens to 25 kW in order to reduce administrative burdens for
both applicants and utilities.
To effectuate an increase in the 10 kW Inverter Process to accommodate generators up to
25 kW, references in SGIP and similar state procedures to “10 kW Inverter Process” can
be replaced with “25 kW Inverter Process”.
Possible Modification: Shorten Processing Timelines
The SGIP 10 kW Inverter Process follows the Level 2 Fast Track timelines. A utility is
presently required to notify a customer that an application is complete within 10 business
days from the date of submission, and the time to complete the initial technical review
screens is 15 business days from time an application is deemed complete.
Several states have shortened timelines that apply to interconnection of very small
generators. The states in Table 1 have adopted either 1) shorter timeframes for notifying a
customer that an interconnection application is complete, or 2) the time to complete
initial review.
Table 1. States with Fast Track Timelines Shorter than SGIP
State/Rule
SGIP 10 kW Inverter
Process
Maryland
New Jersey (PSE&G Tariff)
Massachusetts
Interconnection Document

Time to Notify Customer
that Application is
Complete

Time to Complete Initial
Review

10

15

5
3

15
10

3

10

As the examples in Table 1 illustrate, a 10 kW interconnection request can be processed
more quickly than is currently required in the SGIP. In addition, several states have
established a default approval mechanism so that simplified interconnection requests will
be deemed approved unless an applicant is notified otherwise. Vermont and Virginia both
have provisions that “deem” an interconnection request approved for very small net
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metering generators when initial review has not been completed within the required
timeframes. A recent Vermont law provides for automatic approval for net-metered
generators 10 kW or less after 10 days, so long as a customer completes registration and
certification of compliance and a utility does not deliver a letter to the customer detailing
any issues concerning the interconnection. 58 In Virginia, net-metered generators 25 kW
or less are deemed to be approved for interconnection unless a utility notifies a customer
within 30 days. 59
An advantage of the Vermont and Virginia approaches is that interconnection customers
have a higher degree of certainty on the maximum time it will take to receive an
approved interconnect. Incorporating a deemed-approval process into SGIP for the
smallest inverter-based systems would help ensure that the interconnection of these
generators may be processed in predictable timeframes. With the potential for “plug-andplay” solar PV systems to be brought to market through mainstream retailers, the
processing of interconnection requests for very small inverter-based generators will need
to be routine.
To increase the efficiency of processing interconnection applications, the 10 kW Inverter
Process could be shortened to confirm that a customer’s application is complete 3
business days after receipt. This would achieve a significant reduction in the time it takes
an interconnection customer to interconnect using the Inverter Process as opposed to the
standard Fast Track Process. In addition, an automatic approval process may be worth
considering as well.
Proposed Redline of SGIP § 1.3 (insert the following after the fourth sentence of § 1.3)
1.3

Interconnection Request
[. . .] If the Interconnection Customer is applying electronically using the 25 kW
Inverter Process Application and Agreement, the Transmission Provider shall
notify the Interconnection Customer within three Business Days of the receipt of
the Interconnect Request as to whether the Interconnection Request is complete or
incomplete. For all other Interconnection Requests, the Transmission Provider
shall notify the Interconnection Customer within ten Business Days of the receipt
of the Interconnection Request as to whether the Interconnection Request is
complete or incomplete. [. . .]
Possible Modification: Online Application and Electronic Signatures

Order 2006 envisioned a combined interconnection application and agreement (SGIP
Attachment 5) as “eliminat[ing] the additional step of signing an interconnection
agreement if the proposed interconnection passes the screens.” 60 A combined application
and agreement has been adopted in a number of states, and several states and utilities
have simplified things further by moving to an online interconnection application. This
reflects the general advance and acceptance to conduct more business online since the
time Order 2006 was issued.
In California, both San Diego Gas & Electric (SDG&E) and Southern California Edison
(SCE) feature online applications for interconnections of small net-metered systems.
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SDG&E allows net-metered systems up to 30 kW to complete an application and
agreement through an online portal. 61 SCE offers online submittal of a simplified
interconnection application for net metered generators via a Microsoft Excel spreadsheet
that can be filled out and emailed directly to the utility’s interconnection department. 62
Online applications are efficient because they shorten the time it would take for a utility
to process a complete interconnection request. They can also help to quickly identify
deficiencies in an application, for both the applicant as well as the utility. In addition,
online applications create an electronic trail that increases accountability. For example,
Con Edison’s general online document management system allows its customers in New
York to confirm receipt of their application and associated documents and track major
milestones in the process. 63 In addition to Con Edison, Pepco (Maryland), PSE&G (New
Jersey), and National Grid (Massachusetts) feature an online application form for
simplified interconnection that can be filled out and transmitted to the utility via email.
Incorporation of an online interconnection application into SGIP could increase the
efficiency of interconnection and reduce mistakes and the number of incomplete
applications without undermining or affecting the integrity of the review process.
Following are possible redlines to incorporate the option of an electronic application
submittal process.
Proposed Redline of Attachment 5 (Section 1.0 and 2.0 on p. 1):
1.0

The Interconnection Customer ("Customer") completes the Interconnection
Request ("Application") and submits it to the Transmission Provider ("Company"),
by mail, email or online via the Transmission Provider’s website.

2.0

If submitted electronically, the Company acknowledges receipt of the Application
by creating an automatic email confirmation number and email transmission to
the Interconnection Customer. If not submitted electronically, the Company
acknowledges to the Customer receipt of the Application within three Business
Days of receipt.

The time to process a simplified application is also affected by the requirement that a
“wet” signature be included on an application. To effectuate the move to an electronic
submittal method, as proposed above, SGIP could be modified to allow for electronic
signatures. The standard 10 kW Inverter Process application form currently requires an
interconnection customer to physically sign and mail an application.
Electronic signatures are generally recognized in commercial activities, and 47 states
have adopted the substance of the Uniform Electronic Transaction Act (UETA), a model
act developed by the National Conference of Commissioners on Uniform State Laws. 64
Accordingly, revisions to the 10 kW Inverter Process Application and Agreement form to
allow use of electronic signatures could further streamline the administrative process for
small generators without any detriment to safety, reliability or power quality. Although a
utility may be concerned that there is a lack of verification when a customer submits an
application without a signature, SCE’s approach, which allows a customer to attach a
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digital copy of the customer’s electric bill to the application, may be one means to
provide identity verification. 65
Below are proposed modifications to SGIP that would incorporate the option for
electronic signatures of the 10 kW Inverter Application.
Proposed Redline of SGIP Attachment 5 [p.4]
Interconnection Customer Electronic Signature
By submitting this document, which includes electronic submission, I hereby
certify that, to the best of my knowledge, the information provided in this
Application is true. I agree to abide by the Terms and Conditions for
Interconnecting an Inverter-Based Small Generating Facility No Larger than
10kW and return the Certificate of Completion when the Small Generating
Facility has been installed.

LEVEL 2 (FAST TRACK PROCESS) – POSSIBLE MODIFICATIONS
Fast Track consists of an initial review and, if necessary, a supplemental review. Initial
review applies 10 technical screens that FERC intended to identify “proposed
interconnections that clearly would not jeopardize the safety and reliability of the
Transmission Provider’s electric system.” 66 FERC’s use of “clearly” indicates that these
screens were intended to allow interconnection without study in situations in which there
is not a “close call” regarding possible impacts to safety, reliability, and power quality.
Passage of these screens provides an expedited path to interconnection without additional
study. 67 Supplemental Review serves as a second chance for generators that fail one or
more of the initial review screens, providing the utility an opportunity to determine that a
generator may nevertheless be interconnected consistent without unacceptable impacts to
safety, reliability, or power quality. 68
Several of the Fast Track screens may not be optimally designed to facilitate the rapid
growth of solar PV and increasingly higher penetrations of DG. Although publicly
available information on technical screen failure rates is limited, the information that
exists shows that Fast Track failure in high-penetration markets is predominantly caused
by SGIP Screen 2, which limits aggregate capacity on a line section to 15% of peak
load. 69 High failure rates have also been found for Screen 9, which evaluates
transmission impacts, and Screen 10, which fails projects needing any construction or
upgrades on the utility system. Below, we discuss possible modifications to these screens
as well as the Fast Track eligibility limit.
Possible Modification: Fast Track Eligibility
Before beginning the Fast Track screening process, a proposed generator must meet the
eligibility criteria set out in SGIP section 2.1, which requires that a generator be “no
larger than 2 MW” and meet “the codes, standards, and certification requirements”
established in SGIP Attachments 3 and 4. 70 With a growing number of state policies
facilitating an expansion of DG larger than 2 MW, there are an increasing number of
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generators seeking interconnection that exceed the 2 MW limit. Requiring all of these
generators to proceed through a detailed study process may prove costly and resourceintensive. So, whether a size limit is appropriate, or even necessary, has come under
increasing scrutiny in state and federal forums.
The 2 MW size limit for Fast Track was first adopted by FERC in Order 2006. In Order
2006, FERC rejected the argument that Fast Track should have no size limit, stating that
it was adopting the 2 MW threshold “as a critical eligibility criterion for using the screens”
because “[i]t helps ensure the safety and reliability of the Transmission Provider's electric
system.” 71 FERC did not elaborate on the specific safety and reliability issues the 2 MW
eligibility limit was intended to address. Thus, the 2 MW limit may best be viewed as a
proxy for the generator size, above which safety and reliability impacts were believed to
potentially give rise to the need for a full study of interconnection impacts.
Despite FERC’s statements in Order 2006, FERC has since approved deviations for
specific utilities. In 2011, FERC approved an increase to 5 MWs for generators
connecting to the California Independent System Operator (CAISO) transmission
system. 72 Following FERC’s approval of modifications to the CAISO Fast Track
eligibility limit, SCE and Pacific Gas & Electric (PG&E) sought modifications to their
FERC-approved Wholesale Distribution Access Tariffs (WDAT). 73 SCE chose to retain
the 2 MW limit, 74 but PG&E kept the Fast Track eligibility of 2 MW on a 12kV
interconnection and raised the eligibility to 3 MW on a 21 kV interconnection and 5 MW
for interconnections at higher voltages. 75 FERC deferred to the utilities’ chosen size
limits, respecting SCE’s argument that differences in its system prevented it from moving
to the higher size limit chosen by PG&E. 76
State procedures typically use one of three approaches in determining eligibility for Fast
Track review. The majority of states mirror the SGIP size limit of 2 MW. 77 A number of
state interconnection procedures limit their applicability to the size of the local net
metering eligibility limit, which is generally no larger than 2 MW. 78 Finally, a handful of
states, particularly those that based their interconnection standards on the former
California Rule 21, do not limit the size of systems eligible for Fast Track. 79
Although California Rule 21 did not have a size threshold for a number of years, recent
modifications to California’s Rule 21 introduce the following size thresholds on Fast
Track eligibility:
“Non-Exporting and Net Energy Metered Generating Facilities are eligible for
Fast Track evaluation regardless of the Gross Nameplate Rating of the proposed
Generating Facility. Exporting Generating Facilities with a Gross Nameplate
Rating no larger than 3.0 MWs on a 12 kV, 16 kV or 33 kV interconnection for
Southern California Edison, 1.5 MW on a 12 kV interconnection for San Diego
Gas & Electric, and 3.0 MW on a 12 kV or higher interconnection for PG&E are
also eligible for Fast Track evaluation.” 80

Although there is no clear technical justification for setting Fast Track eligibility at any
particular level, establishing a size threshold can serve both a technical and processoriented function. Generator size is a critical factor in determining whether a generator
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may have potential impacts on the distribution and/or transmission system. The larger a
generator, the more likely it is to fail one or more of the Fast Track screens and require
Supplemental Review or detailed study. Establishing a reasonable threshold provides
transparency regarding the timeframe likely to interconnect, and it helps ensure that
generator interconnections that may pose impacts on safety or reliability may be studied
so a utility has an opportunity to determine the requirements necessary to mitigate those
impacts.
Another purpose of a size limit is to reduce the number of generators that are needlessly
run through the Fast Track screens if they are almost certainly going to require further
study. In light of the increasing number of interconnection requests, the cap can set
realistic expectations about the speed with which interconnection can proceed for larger
generators. A size limit also relieves utilities of the burden of processing a high volume
of applications through Fast Track that have little chance of interconnecting through that
process. The cap may thus reduce tension between utilities and applicants and result in a
more efficient interconnection process.
This does not, however, answer the question of whether 2 MW remains an appropriate
threshold for Fast Track eligibility. As noted above, recent tariff modifications in
California suggest it may be reasonable to vary the limit based on relevant technical
considerations at the point of interconnection, such as the capacity of the distribution line
to which a generator seeks to interconnect. 81 In addition to voltage of the distribution line,
there may be other relevant factors to consider in setting a limit, including whether a
generator is located on a network or radial distribution circuit and how far a generator is
located from a utility substation.
This discussion suggests that it may be valuable to consider whether the size limit could
be set in a more nuanced manner that takes into account system conditions at the point of
interconnection. For example, generating facilities located close to a substation and on a
main distribution line are less likely to raise impacts that may require study than
generating facilities located at the end of a long distribution line. Table 2 provides an
example of how these considerations could be integrated into a more nuanced Fast Track
eligibility approach.
Table 2. Fast Track Eligibility
Line capacity

Fast Track Eligibilityregardless of location

< 4kV
5kV – 14 kV
15 kV – 30 kV
31 kV – 60 kV

< 1MW
< 2MW
< 3MW
< 4MW
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Fast Track Eligibility- on > 600
amp line and < 2.5 miles from
substation
< 2 MW
< 3 MW
< 4 MW
< 5 MW

Possible Modification: SGIP Screen 2 – Penetration Screen
SGIP, and the vast majority of state interconnection procedures, screen Fast Track
applicants in part by looking at the penetration level of distributed generation
interconnected to the nearby distribution system. Specifically, Screen 2 of SGIP asks
whether a generator will cause aggregate generation to exceed 15% of the line section’s
annual peak load. 82 With increased penetrations of distributed generation and larger
generators seeking to interconnect, this screen is more likely to be failed. 83 An evaluation
of whether the screen is set at the appropriate level, and whether there are alternate
methods of assuring system safety and reliability at higher penetrations without requiring
detailed studies may be appropriate to respond to changed conditions.
The penetration screen was first established in California’s Rule 21 to address the
possibility that operating requirements may be different for generators at higher
penetrations and therefore may require additional study to safely interconnect. 84 As
penetration increases, the risk of “unintentional islanding, voltage deviations, protection
miscoordination, and other potentially negative impacts” may increase. 85 These risks
become more significant when there is a possibility that generation will exceed minimum
load on a circuit or when distances from the substation grows.
At the time Screen 2 was created, few utilities were collecting minimum load data for
most circuits, thus the 15% of peak load measurement was identified “as a surrogate for
knowing the actual minimum load on a line section.” 86 The California Interconnection
Guidebook explains: “A typical line section minimum load is at least 30% of the peak
load, therefore at 15% aggregate, the generating capacity would be no more than 50% of
the minimum load of the Line Section.” 87
It is still true that utilities do not consistently have minimum load data for all circuits,
however as more utilities install Supervisory Control and Data Acquisition (SCADA)
systems and roll-out smart grid features there is an increasing amount of data available.
In addition, the Interconnection Screens Report concludes that “minimum load can be
estimated based on standard load profiles for various customer classes that many utilities
maintain and update on an annual basis.” 88 Other methods are also available for
calculating or estimating minimum load that may be similar to methods used for
determining peak load levels of line sections. Use of an equivalent minimum load
measurement may enable a greater number of generators to interconnect without study on
certain circuits, but on other circuits, such as those with highly seasonal load patterns, use
of minimum load may reduce the number of generators that can connect without study.
Some states have incorporated minimum load screening into their interconnection
procedures. Montana’s interconnection procedures require total generation capacity to be
below 15% of peak load screen or “the annual minimum load of the line section.” 89 In
Arizona, model interconnection procedures developed by stakeholders state that
aggregate generation must be below 15% of peak load, and “must also be less than 50
percent of the minimum daytime feeder or line section load, where these data are
available, unless the minimum load is zero.” 90
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These states have modified initial review screens to evaluate minimum load where data
exists or can be calculated. According to the California Interconnection Guidebook the
equivalent to 15% of peak load would be 50% of minimum load, although a less
conservative minimum load level could also be considered (i.e. 75% or 100% of
minimum load). Montana appears to use 100% of minimum load.
Rather than modifying the 15% screen in the initial review process, utilities in Hawaii
and California recently agreed to incorporate a minimum load threshold into
Supplemental Review processes of their respective state procedures. In both states, if a
generator fails the 15% of peak load screen, it will be required to undergo Supplemental
Review. In Hawaii, Rule 14H then specifies that if “the aggregate generating capacity per
Line Section is no greater than 50% of the Line Section minimum kW load during the
period when the proposed generation is available (including noon on Sunday for solar
photovoltaic systems),” a generator will be allowed to interconnect without detailed
study. 91 Under procedures in California, if it is determined that the generating capacity is
less than 100% of minimum load on a line section a generator may be allowed to
interconnect without detailed study if two additional supplemental review screens
determine the interconnection does not raise potential power quality, voltage, safety, or
reliability concerns that require detailed study. 92 If the generating capacity exceeds 100%
of minimum load, the generator will likely require detailed study.
Data regarding minimum and peak loads on a circuit are necessarily based on historic
levels combined with reasonable forecasts for growth or diminishment of load. These
estimates are no guarantee of future load levels, however, as load can shift with changes
in the economy, investments in energy efficiency, and other conditions outside of the
utility’s control. Minimum load can also change as a result of distribution system
reconfigurations. Allowing generators to interconnect at penetrations levels close to—or
at—a circuit’s minimum load via the Fast Track on Supplemental Review gives utilities
an opportunity to identify whether additional interconnection requirements are necessary
without requiring the time and expense of a detailed study.
Both Hawaii and California will utilize minimum load measurements that are relevant for
the time period that a generating facility will be online. This is important for solar PV
technologies that are only online during daylight hours when minimum loads tend to be
highest in most parts of the country. Thus, the minimum load can be measured between
the hours of 10 a.m. and 2 p.m. for fixed solar systems. California’s Rule 21 also includes
a longer time period for generators using tracking systems.
In California, if minimum load data is not available, the utility will try to calculate
minimum load, estimate it from existing data, or determine it from a power flow. If none
of these options are available, the utility will default to using the 15% of peak load
screen. 93
The approaches agreed upon in California and Hawaii have potential to allow a greater
number of generators to interconnect quickly while also providing the utility with
sufficient opportunity to evaluate whether modifications need to be made to ensure safe
and reliable operation at higher penetrations. Although increasing penetrations of
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generators boost the likelihood of unintentional islanding, high steady-state voltage, and
the need to ensure protection coordination, it may be possible to properly evaluate those
risks and identify modifications through a brief additional review without subjecting a
proposed interconnection to a detailed study process. The merits of a refined
Supplemental Review are discussed in more detail below.
Possible Modification: SGIP Screen 5 – Short Circuit Duty
SGIP Screen 5 determines whether the addition of the proposed Small Generating
Facility will cause the short circuit current contribution ratio on the distribution system to
exceed acceptable limits. This screen provides an important system check, but is one that
is unlikely to be triggered by very small generators, including synchronous and induction
generators.
For a number of years in California, generators below 11 Kilovolt-Amps (kVA) have
been exempt from the short circuit duty screen. 94 In addition, to increase the efficiency of
the review process, Hawaii recently adopted modifications to its Fast Track equivalent
process to allow generators below certain sizes to skip screens where they are unlikely to
cause issues of the sort addressed by the screen. In particular, Rule 14H contains an
exemption that allows all generators below 10 kW to skip the short circuit contribution
screen. 95 In addition, Hawaii allows generators up to 250 kW that are inverter-based to
skip the short-circuit contribution screen. 96 Allowing very small generators to skip this
screen is possible because their fault current level is insignificant compared to the feeder
and thus they do not contribute significantly to short circuit current ratio issues.
At this time, it is appropriate to consider allowing very small systems of up to 25 kW to
skip SGIP Screen 5. Allowing inverter-based systems up to or exceeding 250 kW to skip
the screen may also be possible without significant system impacts but may require
additional technical study before being adopted in SGIP. The approach of allowing
generators up to 25 kW to skip the screen will enable distribution engineers to review
applications more quickly, benefitting both the utility and the interconnection applicant,
and will align well with an increase in the 10 kW Inverter Process to 25 kW, as
recommended above.
Proposed Redline Modification of SGIP Section 2.2.1.5:
The proposed Small Generating Facility, in aggregate with other
generation on the distribution circuit, shall not cause any distribution
protective devices and equipment (including, but not limited to, substation
breakers, fuse cutouts, and line reclosers), or Interconnection Customer
equipment on the system to exceed 87.5 % of the short circuit interrupting
capability; nor shall the interconnection be proposed for a circuit that
already exceeds 87.5 % of the short circuit interrupting capability.
Proposed Small Generating Facilities below 25 kW shall be exempt from
this screen.
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Possible Modification: SGIP Screen 6 – Line Configuration
The sixth SGIP Fast Track screen reviews the type of electrical service provided to a
proposed generating facility and the line configuration at the point of interconnection and
the transformer connection. This screen assesses the potential for overvoltage on the
distribution system as a result of a loss of ground, or a phase, during a system fault. 97 The
threat of overvoltage occurs on certain line configurations; the screen identifies those that
are not a problem and allows those generators to proceed. However, generators
connecting to a three-phase, four-wire primary distribution line with a three-phase
transformer will fail the screen unless they are “effectively grounded.” 98
IEEE Standard 1547-2008 covering interconnection of distributed generation resources
notes the need to ensure that the generating facility under review “shall not cause
overvoltages that exceed the rating of the equipment connected to the Area EPS [Electric
Power System] and shall not disrupt the coordination of the ground fault protection on the
Area EPS.” 99 However, the Standard does not recommend appropriate grounding
methods to prevent overvoltages. As a result, the line configuration screen may push
generators into a detailed study despite the fact that an appropriate grounding method can
often be determined without a detailed study.
California’s Rule 21 and Hawaii’s Rule 14H include additional options that allow
generators connecting to a three-phase, four-wire service to pass the line configuration
screen if the aggregate nameplate rating of the generating facility is less than or equal to
10% of the line section’s peak load. 100 In addition, in Rule 21, the line configuration
screen “does not apply to Generating Facilities with a Gross Rating of 11 kVA or
less.” 101 In Hawaii, generators below 10 kW also bypass this screen. 102
Currently, generators that fail the line configuration screen may be required to undergo a
full study. However, once sufficient information is known about the proposed generator
type and the point of interconnection, there is a relatively fixed number of known
grounding solutions that are available to resolve overvoltage concerns. 103 Thus, rather
than subjecting generators that fail the line configuration screen to a full study, specific
equipment configurations that address overvoltage concerns may be addressed through a
quicker review.
In recent revisions to Rule 14H, Hawaii added an option that allows generators that fail
the line configuration screen to resolve overvoltage concerns through Supplemental
Review. The utility and applicant may select from a list of pre-identified solutions based
upon the technology and interconnection location. 104 Likewise, California’s Rule 21
contains a general option embedded in the initial review screens that would allow
generators that fail the line configuration screen to undergo “a quick review” of the failed
screen to determine the requirements to address any failure. 105 This is similar to an option
in SGIP that allows a utility to interconnect a generator through Fast Track despite the
failure of a screen if it determines that the generator “may nevertheless be interconnected
consistent with safety, reliability, and power quality standards…” 106
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Since identification of a technical solution for resolving the risk of overvoltage identified
in the line configuration screen does not require full study, a revision to SGIP to clarify
that resolution of this issue is appropriate through the Initial Review and/or Supplemental
Review process may improve the efficiency and clarity of the procedures.
Based upon the experiences in California and Hawaii, the following SGIP revisions
warrant consideration. Screen 6 could be modified in two ways: All generators below 11
kVA could be allowed to skip the screen, and generators below 10% of the line section’s
peak load could be allowed to pass the screen regardless of line configuration. For
example:
2.2.1.6

Using the table below, determine the type of interconnection to a
primary distribution line. This screen includes a review of the type
of electrical service provided to the Interconnecting Customer,
including line configuration and the transformer connection to
limit the potential for creating over-voltages on the Transmission
Provider's electric power system due to a loss of ground during the
operating time of any anti-islanding function. This screen does not
apply to Generating Facilities with a gross rating of 11 kVA or less.
Primary Distribution
Line Type Configuration

Type of Interconnection to be
Made to Primary Distribution
Line

Results/Criteria

Three-phase, three wire

Any type

Pass Screen

Three-phase, four wire

Single-phase, line-to-neutral

Pass Screen

All others

To pass, aggregate
Generating Facility
nameplate rating must
be less than or equal to
10% of Line Section
peak load

Three-phase, four wire
(For any line that has
such a section OR mixed
three wire and four wire)

These modifications will allow utilities to continue to maintain safety, reliability, and
power quality by identifying generators that pose overvoltage concerns and mitigating
them through a technical solution. However, these modifications will also improve the
efficiency and cost-effectiveness of the interconnection process by avoiding a full study
when one is not needed. Although utilities currently have discretion under SGIP to
resolve the overvoltage issues though section 2.2.3 or Supplemental Review, an explicit
articulation of this option will improve transparency and certainty for applicants.
Possible Modification: SGIP Screen 9 – Transient Stability
SGIP Screen 9 examines whether a proposed generating facility will contribute to
transient stability issues in the vicinity of the proposed point of interconnection. This
screen evaluates whether the addition of the proposed generating facility will impact the
ability of the electric power system to maintain a state of equilibrium during normal and
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abnormal conditions or disturbances. 107 It requires that any generating facility that would
cause the aggregate generation on the circuit to exceed 10 MW in an area with known or
posted transient stability limitations to undergo further study.
Recent conversations on this topic in California, in PJM’s service territory, and nationally
have highlighted that the question posed by this screen may not actually be identifying
the precise issue of central concern for small distribution level interconnections. A survey
done in 2008 of electrical engineers and other experts in this area found that there was a
general consensus that this screen should be modified to improve its ability to identify
generators that need full study before they can be safely interconnected. 108 The current
screen inquires whether a generating facility may contribute to known or posted transient
stability issues, however there are no transient stability issues posted by most of the ISOs
and thus it is often hard for utility distribution engineers to apply this screen.
In addition to the ambiguity in the current screen, it also does not address an issue of
particular concern for small, distribution-interconnected generators being reviewed
through Fast Track: whether the proposed generating facility has interdependencies with
other queued generators on the transmission or sub-transmission system and thereby
needs further study. As DG reaches higher penetrations, there is an increased likelihood
aggregate generating capacity on the distribution system will have upstream impacts on
the transmission system.
Recent variations to this screen have emerged in California and New Jersey to address
this issue. In Rule 21, California recently adopted a modification to the transient stability
test to more accurately address the transmission dependency issue. 109 The revised Rule
21 screen now asks whether the generator is interconnecting in an area with known
transient stability limitations and whether it has interdependencies with any earlier
queued transmission system interconnection requests. A generator will require detailed
study if either circumstance exists.
In the Eastern United States, PJM recently sought approval for modifications to its
FERC-regulated tariff to adopt a separate queue and expedited review process for nontransmission dependent generators. 110 The intent behind this change was to reduce the
number of generators that need to be re-studied because an earlier queued generator with
which they may interact dropped out of the queue. 111 PJM thus adopted a screening
process to identify generators that would not impact the transmission system. The process
evaluates the potential impacts of a proposed generator on the transmission system using
a linear (DC) power flow program to analyze each transmission facility and to determine
whether any contingencies can overload it. The results are then unitized in a manner that
enables PJM to determine the MW impact a generator would have on a particular
flowgate. 112 This process is different than a straightforward Fast Track screen because it
is also used to determine cost allocation and deliverability. Nevertheless, it provides an
example of another approach to evaluating transmission dependency as part of the
interconnection process.
Taking into account the approaches in California and PJM’s territory, it may be
appropriate for SGIP Screen 9 to be modified in a manner that also examines whether a
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generator has dependencies with other generators yet to be studied on the transmission
system. Since California’s approach fits more neatly within the Fast Track screening
process, it is proposed here.
Proposed Redline Modification of SGIP Section 2.2.1.9:
The Small Generating Facility, in aggregate with other generation
interconnected to the transmission side of a substation transformer feeding
the circuit where the Small Generating Facility proposes to interconnect
shall not exceed 10 MW in an area where there are known, or posted,
transient stability limitations to generating units located in the general
electrical vicinity (e.g., three or four transmission busses from the point of
interconnection), or the proposed Small Generating Facility shall not have
interdependencies, known to the Transmission Provider, with earlier
queued Transmission System interconnection requests.
Possible Modification: SGIP Screen 10 – No Construction
Currently, generators that are eligible for and pass through the first nine screens of the
SGIP Fast Track process may be unable to interconnect without Supplemental Review or
a full study if they require construction of any facilities by the utility on its system, as
they will fail SGIP Screen 10. 113 This includes generators that need low-cost upgrades
such as a service entrance or other interconnection facilities, as well as higher-cost
modifications that require construction deeper into the distribution provider’s system.
Generators that fail Screen 10 may be able to proceed through Supplemental Review, but
only if construction is limited to “minor modifications to the Transmission Provider's
electric system.” 114 Generators that require more significant construction must go through
the full study process. State procedures that mimic SGIP generally include a similar no
construction screen. 115 Procedures modeled after California Rule 21 do not contain a
similar restriction. 116
When SGIP was developed, the type of facility most likely to utilize Fast Track was an
onsite generator designed to primarily serve onsite load, with only excess generation sent
to the local distribution system through an existing service entrance. These generators are
less likely to require construction by the utility on its system. However, as the number of
distributed generation facilities selling wholesale power has expanded, the noconstruction screen has become one of the more commonly failed screens. 117
Screen 10 serves at least two purposes in the interconnection process. First, a study may
be needed to determine the extent of the construction needed by a utility on its own
system. Second, a study may be needed to provide an estimate of the cost of upgrades for
which the applicant will be responsible. In both cases, however, if upgrades are limited to
those that only serve the interconnecting generator, a full study process may not be
necessary. Therefore, modifications to this screen may be appropriate to help increase the
efficiency of the Fast Track process.
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When PG&E and SCE modified their federal small generator interconnection procedures
in 2011, FERC approved modifications to their Fast Track and Supplemental Review
processes to allow generators that require limited upgrades to proceed with a Fast Track
interconnection without a full study. SCE modified its tenth screen to allow generators to
pass Fast Track review so long as the upgrades needed are limited to those “solely
attributable to the Generating Facility.” 118 Applicants wishing to interconnect without a
full study must agree to pay the full cost of those upgrades without the benefit of an
estimate. PG&E retained the original SGIP language in Screen 10, however it added to
the “customer options meeting” a step that allows generators to proceed to Supplemental
Review if interconnection facilities are required. 119 In Supplemental Review, the
customer is given the option of agreeing to pay the costs upfront or of selecting to have a
facilities study completed. 120 Generators that require distribution or network upgrades are
required to proceed to a full study. 121
In considering ways to increase the efficiency of the interconnection process while also
ensuring continued safety and reliability, it is important to keep in mind the purpose of
interconnection study processes. As discussed more in a later section, interconnection
studies identify potential safety and reliability issues with a proposed generating facility
and what upgrades, if any, may be required to address those issues. A study process also
identifies the likely cost of required upgrades and how the associated costs will be
allocated. However, as the updates in California illustrate, not all construction requires a
detailed study to identify and mitigate potential safety and reliability issues. In addition,
interconnection customers may be willing to accept responsibility for costs of certain
upgrades with less specificity in exchange for a more efficient interconnection process.
Thus, with an increase in the number of small wholesale generators seeking
interconnection to distribution systems, it may be possible to replace the tenth screen with
a more suitable process that provides a utility increased time to estimate costs for
necessary construction as the potential construction becomes more complex. For example,
for generating facilities needing only interconnection facilities or minor modifications to
the distribution provider's electric system, the utility could be given 15 days to develop a
cost estimate and provide an interconnection agreement. For generators requiring more
than minor upgrades, the distribution provider could be given 30 days to develop the cost
estimate and provide an interconnection agreement. Alternately, the utility could opt to
conduct a Facilities Study, if necessary, but no feasibility or system impact study would
be required. Similar changes and timeframes could be incorporated into the Supplemental
Review process. In all cases, the applicant would have to agree to pay the costs
associated with the upgrades after reviewing the good-faith estimate provided by the
utility.
In addition, a process could be created to allow a customer to opt into a Facilities Study
(either after initial review or Supplemental Review) to determine the likely cost of
upgrades prior to committing to them, or proceed directly to an interconnection
agreement if agreement is received to pay the full costs of any upgrades.
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Possible Modification: Supplemental Review
When a generator fails any one of the ten SGIP Fast Track screens, SGIP provides the
applicant an opportunity to request a Supplemental Review if the utility concludes that
such review might determine that the generator could interconnect without a full study. 122
The procedures do not define what the scope of the review will be or what issues may be
resolved through the process.
As the number of applicants failing the initial review screens grows, Supplemental
Review offers an opportunity to serve the twin goals of interconnection by providing
additional time to resolve some of the safety and reliability concerns identified by the
initial review screens while still allowing for efficient and cost-effective interconnection
overall. In most cases, if the proposed generation facility is below 100% of the minimum
load measured at the time the generator will be online, then the risk of power backfeeding
beyond the substation is minimal and thus there is a good possibility that power quality,
voltage control and other safety and reliability concerns may be addressed without the
need for a full study.
Recent modifications to the state procedures in Hawaii and California demonstrate how
Supplemental Review may be used to evaluate generators connecting at higher
penetrations. First, both states define the scope of the review process and what issues will
be examined. In Hawaii, the “intent of the Supplemental Review is to provide a slightly
more detailed review of only the conditions that cause the Generating Facility to fail the
Initial Technical Review.” 123 In California, the intent is to provide the utility with time to
address certain specified conditions that may be adequately addressed with only limited
additional review rather than requiring a full study. Defining the intent of the process and
putting in place specific technical screens and timelines gives developers more certainty
on what they can expect out of the process.
Both Hawaii and California retained the 15% of peak load screen in initial review, but the
Supplemental Review procedures were then drafted to allow generators below a higher
minimum load threshold to connect without a full study if any concerns identified at the
higher penetration can be resolved. In Hawaii, for generators that fail the 15% of peak
load screen, a full study shall not be required if the aggregate generating capacity is
below 50% of minimum load on a line section for most generators 124 and 75% of
minimum load for single-phase PV generators up to 10 kW on single-phase transformers
that participate in net metering. 125 For generators that fail the line configuration screen,
the tariff states that a full study will not be required where “a feasible solution from a preidentified list of solutions maintained by the Company has been identified and agreed
upon between the Company and the Customer.” 126 The utilities may also address other
issues identified in the initial review screens including short-circuit contribution,
interconnection to networked systems (spot networks or area networks), the need for a
dedicated transformer, and protective device requirements. 127
In California, the Supplemental Review process has three technical screens that are
applied similar to those in the initial review. The first screen determines whether the
generator will cause the aggregate generation capacity on the line section to exceed 100%
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of the minimum load, measured when the proposed generator is expected to be
operating. 128 If a generator passes that screen, it will be subject to two additional
screens. 129 The second screen applies power quality and voltage tests to identify
operating requirements for the interconnecting generator or to determine whether a full
study is required to identify those requirements. The third screen looks generally at
whether the location of the proposed facility or the aggregate generation capacity on the
line section could adversely impact safety or reliability, and if so, whether those can be
addressed without requiring a full study. 130
Under the SGIP rules for Supplemental Review, utilities have discretion to allow
generators to interconnect that fail one or more of the initial review screens. Improving
the clarity of the Supplemental Review process will likely provide additional certainty to
applicants about the technical issues that will be considered in evaluating an
interconnection and may guide them in site selection and planning. A revision to the
Supplemental Review process may also enable a greater number of generators to proceed
without further study, even without relaxation of the initial technical screens.
For a more defined and transparent Supplemental Review, the following modifications
could be considered:
•
•

Incorporate a requirement that generators below 100% of minimum load on a
distribution feeder line section, measured during the hours the proposed facility
will be online, be allowed to proceed through Supplemental Review.
Include specific screens for Supplemental Review that provide additional
guidance on the power quality, voltage regulation, safety, and reliability
considerations that will be reviewed.

The Rule 21 Supplemental Review screens are attached to this report as Attachment 1.
LEVEL 3 (STUDY PROCESS) – POSSIBLE MODIFICATIONS
For generators that do not pass Fast Track, or are ineligible for Fast Track, SGIP requires
generators to participate in a Study Process that consists of an initial scoping meeting and
potentially three sequential studies: 1) a Feasibility Study; 2) a System Impact Study; and
3) a Facilities Study.
The Study Process determines potential impacts a proposed generator may have at or near
the point of interconnection and what facilities or upgrades are necessary to maintain the
safety, reliability and power quality of the electric power system. Perhaps the most
important consideration for both the applicant and the utility is the level of study needed
to determine interconnection requirements for a particular interconnection request. Put
another way, what specifically should be addressed in an interconnection Study Process?
The answer may depend on the system configuration at the point of interconnection. For
example, an interconnection to a spot or area distribution network may require a utility to
look at impacts of reverse power flow to network protectors located at or near the point of
interconnection. Likewise, impacts to service quality and the maintenance of voltage
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within normal operating ranges may depend on a proposed generator’s distance from a
substation, the type and location of voltage regulation devices, and the presence or
absence of other generators (and types of generators) interconnected or proposed to
interconnect to the same distribution feeder.
Failure of Fast Track technical review screens may help determine the appropriate focus
of the Study Process. However, for interconnection applications that are not eligible for
Fast Track, and therefore have not been subject to the application of Fast Track technical
review screens, such screens would not provide any guidance in helping to determine the
appropriate scope of an interconnection study. The Fast Track technical review screens
also do not attempt to screen for every possible impact to electric power system reliability
that may need to be assessed in the Study Process. For example, the present Fast Track
screens do not look at the impact of reverse power flow on voltage regulation devices.
The three SGIP studies allow utility distribution engineers to take a fairly broad look at
potential impacts to system reliability. Each has a different purpose. The Feasibility
Study is a preliminary technical assessment of the proposed interconnection that looks for
any potential adverse system impacts. 131 The System Impact Study is a detailed
assessment of the effect the interconnection would have on the transmission provider's
electric system and any other affected systems. 132 Depending on the generating facility,
the System Impact Study may be required for both the transmission system and,
separately, the distribution system. 133 The Facilities Study determines what modifications
to the transmission provider's electric system are needed, including the detailed costs and
scheduled completion dates for these required modifications. 134 This differentiated study
process provides a developer with opportunities to exit the process as interconnection
costs become clearer.
Prior to beginning the studies, the transmission provider and customer may attend a
scoping meeting at which they may decide to skip the Feasibility Study and proceed
directly to either a System Impact Study or a Facilities Study. 135 The parties may also
agree to skip the Facilities Study and proceed directly to an interconnection agreement
following the results of the Feasibility Study or System Impact Study. 136 Agreement on
the scope and cost of a study is reflected in an interconnection study agreement entered
between the applicant and the utility.
The length of time allowed for completion of the SGIP studies varies. The following
table lists the time SGIP allows for each study, along with an estimate of the total time
required after accounting for the time necessary to enter various study agreements.
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Table 3. SGIP Study Timeframes
Stage of Study Process
Feasibility Study
System Impact Study
Facilities Study

Study Time
30 business days
30-65 business days
30-45 business days

Total Time
45-50 business days
45-70 business days
35-50 business days

As the ability to skip one or more of the three studies suggests, it is not clear that a threestudy process is necessary for small generators, particularly for small residential and
commercial installations. The ability to skip one or more of these studies may be
enhanced if modifications to the Fast Track screening process can help to identify
potential issues that may need a closer look during the Study Process.
A number of examples exist of recent changes made to shorten the study process from
three to either one or two studies. In 2010, the CAISO adopted modifications to its
interconnection tariff that made a number of changes to the study process. The CAISO
moved most projects that used to proceed through the three serial studies into one annual
“cluster study” that is composed of two different study phases. Phase I provides a
preliminary look at the possible upgrades needed and options at the point of
interconnection that could reduce overall upgrade costs, and provides a maximum cost
responsibility for transmission system network upgrades along with a good-faith cost
estimate of the interconnection facilities. 137 After this study is completed, there is an
opportunity for applicants to decide whether they want to proceed with interconnection,
and if they do, to put down a financial security deposit. The Phase II study is a more
detailed look that updates the results of Phase I to account for withdrawal of some
interconnection requests, and provides a final assessment of upgrades and cost
allocation. 138
In addition to the adoption of the cluster process, the CAISO also retained a serial study
process for certain qualified applicants that were not electrically related to other queued
generators and thus did not need to be studied in the cluster. 139 The CAISO’s
Independent Study Process (ISP) is similar to the SGIP Study Process, but it eliminates
the Feasibility Study and consolidates the study process into a System Impact Study and a
Facilities Study (which can be waived if no interconnection facilities or upgrades are
identified). SCE and PG&E mirrored these changes for the most part in the modifications
to their FERC-approved interconnection tariffs, which were approved in 2011.
The CAISO and SCE tariffs provide 90 calendar days for the completion of a System
Impact Study. 140 CAISO and SCE provide 90 calendar days for the completion of a
Facilities Study where upgrades are required, and 60 calendar days where only
interconnection facilities are identified. 141
The original California Rule 21, and numerous state procedures modeled on it, only
provides for a single “Interconnection Study” rather than a three-part study process.
Under the approved revisions to Rule 21, projects that do not qualify for interconnection
under Fast Track will either be studied under an ISP process similar to the CAISO’s
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process described above, or will be studied as part of the cluster study being conducted
under the IOU’s WDATs. 142
The one-study process in place in many states and the two-study process recently adopted
in California suggest that a full three-study process may not be necessary, particularly for
small generators. In particular, the role of the Feasibility Study is fairly limited since
much of the crucial detail of interest to generators, particularly regarding cost, does not
come until the later studies.
The changes adopted in California do not necessarily shorten the overall study process,
since the duration of each study is greater than that provided for in SGIP. 143 However, it
is worth considering whether the times required for the System Impact Study and Facility
Study can be kept the same in SGIP, or only modestly increased, even if the Feasibility
Study is eliminated.
Possible Modification: Moving from Serial Study to Group/Cluster Study
As discussed above, the SGIP uses a serial study process for determining interconnection
requirements for a particular generator. 144 Under a serial study approach, interconnection
requests are studied one at a time, on a first-come, first-served basis. The order of
requests received is made publicly available through posted interconnection queues. 145
Under this approach, an interconnection request may not be studied until all queuedahead generators have been studied. The reason is two-fold. First, the amount of utility
resources that can be devoted to the processing of interconnection requests may be
limited. If utility resources are limited, it may be necessary to complete the study of
generators further ahead in line to free up resources to study later-queued interconnection
requests.
A second factor is the necessity to complete the interconnection of queued-ahead
generators to determine the anticipated system configuration for the study of later-queued
generators. This is an important consideration, because upgrades that may be required to
interconnect a generator that is ahead in the queue may facilitate the interconnection of
generators further behind in the queue. On the other hand, if a generator earlier in the
queue decides not to move forward with its interconnection, and therefore upgrades that
would have been completed to accommodate that generator are not completed, the study
of later-queued generators would not assume the existence of those upgrades. The result
is that a generator further back in the queue may be responsible for the completion of the
upgrades that would have otherwise been completed to facilitate the interconnection of
the queued-ahead generator, if it had gone forward.
There may also be a need to re-study the later interconnection requests. A high number of
speculative projects in an interconnection queue that drop out during or after the study
process can result in a ripple effect that can impact and necessitate restudy of applicants
further back in the interconnection queue. This lengthens the serial study process and
increases costs. In sum, the requirements for a generator further back in the queue may
not be able to be determined until the status of all generators that are ahead in line have
been determined.
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The serial study process may work well in situations where a utility is a) processing a low
volume of interconnection applications such that existing resources are sufficient to
timely handle the volume of interconnection requests being received, and b) generators
seeking interconnection are sufficiently independent such that the ability to move forward
with studies is not significantly delayed by the need to process earlier interconnection
requests to determine the base case for generators farther back in the queue. The serial
study process becomes less efficient when the volume of interconnection requests and
interrelatedness of interconnection requests reaches a point where significant delays in
processing interconnection requests results. Under these conditions, the serial study
process can lead to long delays, and other options may need to be explored. 146
When a utility begins to receive sufficiently high volumes of interconnection requests,
and high penetrations are reached such that multiple interconnection requests may impose
impacts on the same area of an electric power system, a group or cluster study process
may be more efficient. ISOs and individual utilities in the United States have identified
some of the possible benefits of studying interconnection requests in groups or clusters
and have adopted changes to implement these procedures. FERC recently approved
modifications to the Open Access Transmission Tariffs for CAISO, MISO and PJM that
reflect a move toward group studies. 147 Two of the California IOU’s followed CAISO’s
lead and adopted a cluster study process for interconnection requests interrelated with the
transmission system. 148 Finally, the CPUC is considering adopting a group study process
for distribution-level interconnections under Rule 21. 149
There are a number of advantages to a group study approach. First, a group study process
may make more efficient use of limited utility resources by enabling multiple studies to
be combined. Second, a group study process may allow interconnection applications to be
processed more quickly. Studying a group of projects at once eliminates the need for later
queued projects to wait in line. Finally, a group study process may allow for a beneficial
sharing of costs across generators, both for study and for upgrades that may be necessary
to accommodate the interconnection of multiple generators. Imposing the full cost of
upgrades—which may facilitate the interconnection of multiple generators—on the first
generator that triggers the upgrades may pose a barrier to market growth. By studying
generators together, the costs of upgrades can be spread equitably across the generators
that may ultimately benefit.
There may also be negatives to the group study approach. First, the transmission cluster
study process in California takes nearly two years to complete. Thus, while it may place a
lower burden on utility resources, it also may require more time overall. 150 However, in
California the serial study queues were so clogged that there was an expectation that it
could take many years to complete the process. 151 Second, where a location has a high
number of speculative projects in its interconnection queue, utilities may need to develop
a method of sorting out how many total combined MW to realistically study and how to
estimate and assign the cost of upgrades. Assuming that only a percentage of
interconnection requests will actually move forward, studying the full number of
proposals could result in inflated estimates of the amount of upgrades actually required.
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An important consideration in a group study process is which interconnection requests to
study together. The answer should generally depend on which interconnection requests
pose interrelatedness considerations. Projects that are transmission dependent likely need
to be studied with other transmission-dependent projects. However, projects that do not
interact with the transmission system could be studied in smaller groups with only the
other projects they interact with on the distribution system.
The group study approaches being implemented across the United States appear to offer
significant promise for dealing with high volume and high penetration situations at the
distribution level. Each region has taken a slightly different approach to the issue at this
stage and further information is needed on what the pros and cons are of each approach.
This is a possible area for improvement of SGIP that warrants further consideration.
4. RECOMMENDATIONS
This section recaps and summarizes the recommendations provided in Section 3:
•
•
•
•
•
•
•
•
•
•
•
•
•

Update federal and state interconnection procedures to meet the demands of a
growing national marketplace for solar PV and other small renewable generators
interconnecting to electric power distribution systems.
Incorporate a pre-application report through which an interconnection applicant
can request information about specific, relevant technical conditions at a proposed
point of interconnection.
Extend the 10 kW Inverter Process to generators up to 25 kW.
Shorten the time for determining a 10 kW Inverter Process application is complete
to 3 business days after receipt.
Consider automatic approval of 10 kW Inverter Process applications after an
identified timeframe unless an applicant is notified otherwise by a utility.
Allow for online submission of interconnection applications.
Allow for electronic signatures to be provided on interconnection applications.
Consider modifying Fast Track eligibility to take into account system conditions
at the point of interconnection. A proposed approach is provided in Table 2.
Allow generators up to 25 kW to skip the short circuit duty screen (SGIP Screen
5).
Modify the line configuration screen (SGIP Screen 6) in two ways: allow
generators less than 11 kVA to skip the screen; and allow generators below 10%
of the line section’s peak load to pass the screen regardless of line configuration.
Modify the transient stability screen (SGIP Screen 9) in a manner that examines
whether a generator has dependencies with other generators yet to be studied on
the transmission system.
Replace the no construction screen (SGIP Screen 10) with a process that provides
a utility increased time to estimate costs for necessary construction as potential
construction becomes more complex.
Allow a customer to opt into a Facilities Study (either after Initial Review or
Supplemental Review) to determine the likely cost of upgrades prior to
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•

•

•

committing to them, or allow a customer to proceed directly to an interconnection
agreement if agreement is received to pay the full costs of any upgrades.
Provide a more defined and transparent Supplemental Review process, including
consideration of the following: incorporate a requirement that generators below
100% of minimum load on a distribution feeder line section, measured during the
hours the proposed facility will be online, be allowed to proceed through
Supplemental Review; and include specific screens for Supplemental Review that
provide additional guidance on the power quality, voltage regulation, safety and
reliability considerations that will be reviewed.
Consider replacing a three-study process with a two-part study process, and
consider whether the times required for the System Impact Study and Facility
Study to be completed can be kept the same, or only modestly increased, even if
the Feasibility Study is eliminated.
When a utility begins to receive sufficiently high volumes of interconnection
requests and high penetrations are reached such that multiple interconnection
requests may impose impacts on the same area of an electric power system, a
group or cluster study process may be more efficient than a serial study process.
5. CONCLUSIONS

The U.S. solar industry is fast approaching the limits of the practicality of existing
interconnection processes. Interconnection reform is necessary and unavoidable if we
hope to achieve the renewable energy goals of states, federal departments, and the private
sector. This report serves as an extension of the NREL Interconnection Screens Report,
and, as such, provides an important procedural bridge to that next iteration of
interconnection reforms needed in the United States.
The report focuses on the federal SGIP, specifically recommending changes to the preapplication process and the 10 kW, Fast Track, and Study Processes; however, these
recommendations could generally be applied to many state interconnection procedures as
well. Many of these recommendations result from the work of stakeholder collaborations
in states like Hawaii and California, which are currently experiencing high-penetration
areas and high volumes of interconnection applications.
When we consider the experience of these states, we begin to get a glimpse of the
emerging scenarios in the rest of the country. As the cost of solar PV systems decline and
demand increases, it will be increasingly important to streamline interconnection
processes in other states. This interconnection reform process will not only result in a
more responsive, agile solar industry but also a safer and cleaner electric power system.
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6. ATTACHMENT 1: California Rule 21 Supplemental Review Screens (Rule 21 G.2)
G.

Engineering Review Details

2.

Supplemental Review Screens
The Supplemental Review consists of Screens N through P. If any of the Screens
are not passed, a quick review of the failed Screen(s) will determine the requirements to
address the failure(s) or that Detailed Studies are required. In certain instances,
Distribution Provider may be able to identify the necessary solution and determine that
Detailed Studies are unnecessary. Some examples of solutions that may be available to
mitigate the impact of a failed Screen are:

a.

1.

Replacing a fixed capacitor bank with a switched capacitor bank

2.

Adjustment of line regulation settings

3.

Simple reconfiguration of the distribution circuit.

Screen N:

Penetration Test

Where 12 months of line section minimum load data is available, can be
calculated, can be estimated from existing data, or determined from a power flow model,
is the aggregate Generating Facility capacity on the Line Section less than 100% of the
minimum load for all line sections bounded by automatic sectionalizing devices upstream
of the Generating Facility?
•

If yes (pass), continue to Screen O

•

If no (fail), a quick review of the failure may determine the requirements to
address the failure; otherwise Electrical Independence Tests and Detailed
Studies are required. Continue to Screen O. (Note: If Electrical Independence
tests and Detailed Studies are required, Applicants will continue to the
Electrical Independence Tests and Detailed Studies after review of the
remaining Supplemental Review Screens).

Note 1: If none of the above options are available [for determining minimum
load], this screen defaults to [the 15% peak load screen].
Note 2: The type of generation will be taken into account when calculating,
estimating, or determining circuit or Line Section minimum load relevant for the
application of this screen. Solar generation systems with no battery storage use daytime
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minimum load (i.e. 10 a.m. to 4 p.m. for fixed panel systems and 8 a.m. to 6 p.m. for
systems utilizing tracking systems), while all other generation uses absolute minimum
load.
Note 3: When this screen is being applied to a [net energy metered] Generating
Facility, the net export in kW, if known, that may flow across the Point of Common
Coupling into Distribution Provider’s Distribution System will be considered as part of
the aggregate generation.
Note 4: Distribution Provider will not consider as part of the aggregate generation
for purposes of this screen Generating Facility capacity known to be already reflected in
the minimum load data.
Note 5: NEM Generating Facilities with net export less than or equal to 500 kW
that may flow across the Point of Common Coupling into Distribution Provider’s
Distribution or Transmission System will not be studied in the Transmission Cluster
Study Process, but may be studied under the Independent Study Process.
Significance: Penetration of Generating Facility installations that does not result
in power flow from the circuit back toward the substation will have a minimal impact on
equipment loading, operation, and protection of the Distribution System.
b.

Screen O:

Power Quality and Voltage Tests

In aggregate with existing generation on the line section,
a) Can it be determined within the Supplemental Review that the voltage
regulation on the line section can be maintained in compliance with Commission
Rule 2 and/or Conservation Voltage Regulation voltage requirements under all
system conditions?
b) Can it be determined within the Supplemental Review that the voltage
fluctuation is within acceptable limits as defined by IEEE 1453 or utility practice
similar to IEEE 1453?
c) Can it be determined within the Supplemental Review that the harmonic levels
meet IEEE 519 limits at the Point of Common Coupling (PCC)?
•

If yes to all of the above (pass), continue to Screen P

•

If no to any of the above (fail), a quick review of the failure may determine
the requirements to address the failure; otherwise Electrical Independence
Tests and Detailed Studies are required. Continue to Screen P. (Note: If
Electrical Independence tests and Detailed Studies are required, Applicants
will continue to the Electrical Independence Tests and Detailed Studies after
review of the remaining Supplemental Review Screens).
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Significance: Adverse voltages and undesirable interference may be experienced
by other Customers on Distribution Provider’s Distribution System caused by operation
of the Generating Facility(ies).
c. Screen P: Safety and Reliability Tests
Does the location of the proposed Generating Facility or the aggregate generation
capacity on the Line Section create impacts to safety or reliability that cannot be
adequately addressed without Detailed Study?
•

If yes (fail), review of the failure may determine the requirements to address
the failure; otherwise Electrical Independence Tests and Detailed Studies are
required. Continue to Section G.3

•

If no (pass), Supplemental Review is complete.

Significance: In the safety and reliability test, there are several factors that may
affect the nature and performance of an Interconnection. These include, but are not
limited to:
•

Generation energy source

•

Modes of synchronization

•

Unique system topology

•

Possible impacts to critical load customers

•

Possible safety impacts.

The specific combination of these factors will determine if any system study
requirements are needed. The following are some examples of the items that may be
considered under this screen:
1. Does the Line Section have significant minimum loading levels
dominated by a small number of customers (i.e. several large commercial
customers)?
2. Is there an even or uneven distribution of loading along the feeder?
3. Is the proposed Generating Facility located in close proximity to the
substation (i.e. <2.5 electrical line miles), and is the distribution line from
the substation to the customer composed of large conductor/cable (i.e.
600A class cable)?
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4. Does the Generating Facility incorporate a time delay function to
prevent reconnection of the generator to the system until system voltage
and frequency are within normal limits for a prescribed time?
5. Is operational flexibility reduced by the proposed Generating Facility,
such that transfer of the line section(s) of the Generating Facility to a
neighboring distribution circuit/substation may trigger overloads or
voltage issues?
6. Does the Generating Facility utilize certified anti-islanding functions
and equipment?
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