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Executive Summary

In recent years, growth in the number of requests to interconnect solar photovoltaic (PV) systems
to the utility grid has raised new issues and challenges for PV installers, utilities, and ultimately
the PV customers who absorb the costs of interconnection challenges. The increased volume of
interconnection requests and the evolving market for distributed energy resources (DERs) have
led several states to revise interconnection requirements and have caused utilities, particularly in
states with the most active solar markets, to streamline and automate interconnection processes.
In regions with less active markets, the volume of interconnection requests may not pose
challenges, but other types of barriers may exist to the interconnection of distributed PV systems.

The objective of this report is to evaluate the nature of barriers to interconnecting distributed PV,
assess costs of interconnection, and compare interconnection practices across various states in
the Western Interconnection.* The report addresses practices for interconnecting both residential
and commercial-scale PV systems to the distribution system. This study is part of a larger, joint
project between the Western Interstate Energy Board (WIEB) and the National Renewable
Energy Laboratory (NREL) to examine barriers to distributed PV deployment in the 11 states
wholly within the Western Interconnection.

To understand interconnection challenges in the western states, the authors conducted interviews
with representatives of PV developers and electric utilities that operate in the West. Interviewees
were asked to identify the top three barriers to interconnecting PV, unique challenges to
installation in states where they operate, and potential solutions to those challenges. Developers
interviewed indicated that the most significant barriers are lack of relevant information about the
distribution grid, inconsistent or outdated equipment requirements, and differences in practices
across utilities. Utilities have a different set of interconnection concerns related to PV and the
most frequently mentioned challenges are scheduling appointments to keep within timelines,
allocating costs when upgrades are necessary, and the need for new requirements for PV coupled
with storage.

For this study, NREL obtained interconnection cost data for 92 PV systems ranging in size from
100 kW to 20 MW, across four western states where data were available. The objective was to
provide perspective on the types and magnitude of interconnection costs, which are generally
borne by the applicant. Analysis revealed that 43% of proposed systems required no network
upgrades related to maintaining grid reliability. Where required, thermal impacts were the
costliest impacts to mitigate, averaging around $1.2 million per project for which mitigation was
required. The frequency of voltage, thermal, and protection impacts was similar across the
studies examined, with voltage issues slightly more common. Figure ES-1 shows the distribution
of interconnection costs on a per MW basis across project sizes. When aggregating the costs of
all the proposed systems in this study, we found that network expansion costs were higher than
the cost of any of the impact mitigation categories.

1 The Western Interconnection is a major synchronous alternating current (AC) power grid in the continental United
States, encompassing 37 balancing authorities within the area from the Rocky Mountains and west.
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Figure ES-1. Total mitigation cost ranges in thousands of dollars, by system size (MW)

The study also compares interconnection practices across the western states, including those
related to interconnection standards, customer service practices, and provisions that provide
increased cost certainty to customers. Table ES-1 compares state interconnection requirements
across the West; however, it does not include utility-specific practices or requirements. Utility
practices can, and in many cases do, exceed state mandates, but the focus here is on comparing
state requirements.
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Table ES-1. Comparison of State Interconnection Requirements

AZ CA CO ID MT NV NM OR UT WA WY
NM|N-NM

Interconnection Standards

Standard PUC- * ° ° ° ° ° ole ) )
approved

interconnection

process

Specific treatment of ° ° ° ° °
non-exporting PV

systems

Specific guidance for ° ° °

the interconnection of
storage or PV+storage

Customer Service Provisions

Transparent queue U
mandate

Interconnection ° ole ° °
application materials

required to be

available online

Timeframes mandated
for stages in the
interconnection
process

Utilities required to °
report on

interconnection

timeline performance

Dispute resolution ° ° ° ° ° ° ° °
process defined

Cost-Related Provisions

Fixed application fees . ° ° ° ole ° °
required

Pre-application reports ° ° |o
required if requested

Cost certainty ° ° °
provision

Common cost data °

Note: NM, net metered; N-NM, non-net metered: Oregon has distinct rules for net metered and non-net metered
systems. This table specifically references state interconnection requirements; utility practices can, and in many
cases do, exceed state mandate. *The Arizona Commission has an interconnection document that provides
guidelines for interconnection and has an open docket to develop interconnection rules.
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Interconnection standards, application processing tracks, and technical screens. Although most
states have standardized interconnection requirements that are used across regulated utilities, just
half of the states have specific requirements for non-exporting systems, and only a few states
have developed specific guidance for the interconnection of storage or PV plus storage. With
respect to application processing tracks, most states have different levels of review (simplified
application, fast-track, supplemental review, and detailed study) based on project size and
interconnection complexity; however, the review requirements and size thresholds for expedited
review differ from state to state. Most states allow for simplified applications for systems 10-30
kW and smaller, although fast-track processes are often used for systems of 2-3 MW and
smaller. A few technical screens, which are used to assess feeder conditions and characteristics at
the point of interconnection to determine whether a proposed project would compromise system
reliability, are used for fast-track review in all states with interconnection rules. These commonly
used screens are: 1) the 15% annual peak load screen, 2) the short circuit capability screen, and
3) the service-to-transformer compatibility screen. Additionally, although many states include
supplemental review for projects that fail fast-track screening, the supplemental review study
process is often not clearly outlined in interconnection standards.

Customer service practices. Many states have requirements that are intended to ensure that end-
use customers (i.e., PV system owners) receive a minimum level of service during the
interconnection process. Most commonly, states stipulate timelines for application review and
approval and specify a dispute resolution mechanism in their interconnection rules. Additionally,
some states require DER interconnection applications to be accessible online, and one state
(California) requires utilities to report on their success in meeting timelines and to maintain a
transparent queue of interconnection applications and the resulting projects. Although only
Washington explicitly requires that utility customers be able to submit applications online, 16 of
the 25 utilities studied have an online portal that residential customers can use to submit
applications, and 10 of the utilities have a portal for small commercial customers.

Cost-related provisions. Several approaches have been used by states to increase cost certainty
for customers who plan to interconnect PV systems. A majority of states have fixed application
fees for small to mid-sized PV systems; for example, several states establish application fees of
$100 or less for small PV systems. A few states require pre-application reports to be supplied to
DER developers upon request, for all sizes of proposed systems. These reports are meant to
provide important information to the utility customer and developer regarding potential adverse
utility system impacts of a proposed PV system installation and the likelihood that utility
distribution system upgrades might be required. In addition, California has adopted cost envelope
provisions, which require utilities to provide upgrade cost estimates within specific thresholds
(e.g., +/- 25%) early in the application process, and Utah limits developer study cost liability to
within 25% of the initial study cost estimates. California also requires utilities to develop a Unit
Cost Guide, or a list of costs associated with standard system upgrades, meant to provide greater
transparency about electric delivery system upgrade costs.

Overall, interconnection requirements often vary significantly from state to state. A number of
states have adopted policies that help simplify and speed up the interconnection application and
study process, increase overall transparency, and reduce uncertainty surrounding the costs of
interconnection from the local electric utility company.
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1 Introduction

Recent growth in the number of solar photovoltaic (PV) interconnection applications has raised
new issues and challenges for PV customers, installers, and electric utilities. In the United States,
more than 1.5 million PV systems were interconnected to the electric grid by September 2017,
up from approximately 475,000 systems installed near the final quarter of 2013 (EIA 2017,
Makhyoun, Campbell, and Taylor 2014). Of PV systems currently installed nationally, 64% have
been interconnected in the western states. In recent years, the number of interconnection requests
have grown substantially in the most robust solar markets in the West, such as California,
Arizona, Colorado, Nevada, and Utah. These areas that have experienced rapid growth have
faced new challenges interconnecting higher volumes of systems; however, interconnection
barriers can exist in all jurisdictions regardless of the volume of interconnection applications.

The increased volume of interconnection requests and the evolving market for distributed energy
resources (DER) have led several states to revise statewide interconnection requirements and
have resulted in electric utilities streamlining and automating interconnection processes. The
larger volume of PV installations is also leading to new approaches in data transparency
designed to inform utility customers and PV installers about local grid conditions and the
potential costs and benefits of siting PV and other DERSs in certain locations on the grid. For
example, California’s three investor-owned utilities (I0Us) are currently required to provide
publicly-available hosting capacity maps. Changing technologies, such as PV systems coupled
with battery energy storage, are also leading to new requirements because these combined
systems have greater flexibility when interacting with local loads and the electric grid. Finally,
the growing DER market is leading some jurisdictions to address concerns about uncertainty in
costs associated with the interconnection process as well as how to equitably allocate costs.

The objectives of this report are to evaluate the nature of barriers to interconnecting distributed
PV in the West, assess how some of these challenges have been addressed in various states, and
identify issues that arise with the changing market for distributed PV. It is designed to enable
states and utilities to learn from the experiences of others and for areas that have not yet
experienced rapid growth in PV markets to anticipate challenges and identify potential solutions
early as markets evolve. The report addresses interconnection practices for both residential and
commercial-scale PV systems that connect to electric utility distribution systems. This study is
part of a larger, joint project between the Western Interstate Energy Board (WIEB) and the
National Renewable Energy Laboratory (NREL) to examine barriers to distributed PV in the 11
states within the Western Interconnection.

This report builds on earlier studies that explored interconnection challenges and solutions as
well as studies that examined how utilities have reduced interconnection timelines even when the
volume of requests increased substantially (Makhyoun, Campbell, and Taylor 2014; Ardani et al.
2015; Ardani and Margolis 2015; Barnes et al. 2016). Other studies have examined model
interconnection procedures (IREC 2013; IREC 2017) and issues related to interconnection of
storage systems (Stanfield et al. 2017). The need to update interconnection technical screens and
to provide information on grid conditions has been addressed by Coddington et al. (2012) and
Fox et al. (2012), while reviews of interconnection costs and grid impacts have been conducted
by Sena et al. (2014).
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The report is designed to inform policymakers about the range of interconnection practices
across western states and emerging best practices. Section 2 discusses barriers to interconnecting
PV from the perspectives of PV developers and electric utilities, based on interviews conducted
for this study. Section 3 presents data on costs of interconnecting commercial-scale PV systems
(100 kW to 20 MW) in several western states, based on data available from utility impact
studies, to provide insights into the magnitude of costs and the types of challenges that trigger
necessary utility upgrades or PV system modifications. Section 4 compares interconnection
practices across western states and particularly focuses on the presence of standard
interconnection procedures, review processes (e.g., fast-track review), technical screens, fees and
cost-related provisions, and requirements to ensure timeliness or transparency in the
interconnection process. Finally, the paper offers conclusions and considerations for state
policymakers and utilities interested in streamlining or otherwise improving PV interconnection
procedures.
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2 Interconnection Barriers

Barriers to interconnection of distributed PV can vary widely based on a number of
considerations, including the volume of interconnection requests, the number of PV systems
deployed, utility practices and requirements, and state interconnection rules. These factors can
vary substantially among states and across utility service territories throughout the West. To
provide some perspective on how the volume of requests can differ across states, Figure 1 shows
the fraction of customers that have installed PV in western states as of September 2017, while
Figure 2 shows how interconnection volumes in each state have changed in recent years.

Larger volumes of PV interconnection requests and PV installations can lead to challenges for
both utilities and PV installers (developers). Barriers can also exist in jurisdictions with relatively
low application volumes, and the experiences of states with higher PV penetrations can help
inform policy in states with growing markets. This section explores the types of barriers that can
exist and provides a summary of data on barriers based on data from interviews with PV
developers and electric utilities across the West.
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Figure 1. Percentage of solar PV customers in the western states as of September 2017
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Figure 2. Cumulative number of residential and commercial customers in the western United
States interconnecting PV

2.1 Interconnection Process and Range of Potential Barriers

Processes and requirements can vary considerably across states and utility providers (Barnes et
al. 2016). In general, however, the overall interconnection process consists of the following
steps: 1) the application process and review, 2) PV construction, 3) local permitting and
inspection, and 4) the utility granting the customer permission to operate (PTO) (see Figure 3).
The order of these steps can vary by utility service territory; for example, the three largest IOUs in
California provide the option for PV installers to submit the interconnection application and the PTO
paperwork at the same time, once construction and local building inspections are complete. This
approach is designed to streamline the interconnection process for residential and small commercial
systems unlikely to cause grid impacts. Thus, in these areas, the process follows the order of:
permitting, construction, inspection, application process and review, and PTO. This is one
example of how interconnection processes can vary by jurisdiction. Furthermore, the
interconnection process can require significant time and effort. Particularly for larger systems
and situations in which grid conditions pose challenges, there can be challenges and barriers at
each step of the process.
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Steps in the Interconnection Process

Sources: Ardani et al 2015 and Barnes et al. 2016
Figure 3. Steps in the interconnection process
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Table 1 summarizes a broad range of challenges that can arise in the interconnection process,
categorized by uncertainties, delays, and costs. Challenges for developers and end-use customers
can include a lack of clarity or transparency in the application process, delays throughout various
stages of the process that increase project development time, and concerns about the uncertainty
or magnitude of costs for interconnecting the PV system. Costs can be of particular concern for
large projects, because of the greater uncertainty and potential magnitude of costs when
substantial upgrades may be needed for grid interconnection. However, costs can also be a
concern for small systems, which are less able to bear cost increases. Utilities can face other
types of challenges, such as managing growth in the number of requests and processing a large
volume of applications, dealing with customers or installers who do not understand the process,
and meeting timelines when they have delays in scheduling meetings or coordinating with
involved parties.
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Table 1. List of Potential Interconnection Barriers to PV Deployment

Description

Issue

Uncertainties

Lack of
standardization

Unclear application
process

Lack of information
about grid conditions

Lack of transparency
in application status

Lack of standardization in implementation of interconnection requirements
across utility service territories can increase the coordination/design burden
on developers.

Difficulty obtaining utility interconnection documents or lack of clarity in the
application process can increase the coordination/design burden on
developer.

Lack of information about the local grid leads to uncertainty in application
review time, upgrade costs, and the ability to interconnect generally. This can
also lead to a larger number of unviable applications for the utility tor review.

Lack of transparency in application review status prevents efficient scheduling
of installation labor and material procurement and storage.

Delays

Application Length of time to process applications can be a burden for all parties.
processing time

Incomplete Incomplete applications can lead to unproductive wait times for the utility,
applications installer, and customer.

Complexity of review

Lengthy study
processes

Utility inspection for
small systems
Delays in issuing
permission to operate

Overly complex or time-consuming review for classes of projects with minimal
impacts adds burden for both the utility and developer

Unbounded or lengthy reviews/studies can impact scheduling and impact
project economics.

Requirements for utility inspection, particularly for small systems, can impose
unnecessary delays when systems are already installed.

Paperwork handling and other delays in permission to operate impose an
additional hardship if equipment/capital is already deployed.

Costs

Equipment
requirements

Manual application
submission process

Application fees

Application review
cost
Upgrade costs

Cost uncertainty

Cost allocation

Inconsistent equipment requirements or perceived outdated requirements can
increase the burden for developers.

Submission through nonelectronic methods can be more burdensome, costly,
and poorly tracked.

High interconnection application fees can deter project proposals.

High costs for screening or detailed studies can render projects financially
infeasible.

High interconnection/system upgrade costs impose burden at a late stage of
development.

Lack of certainty about the cost of upgrades early in the interconnection
process makes it difficult to assess financial viability of projects upfront.

Allocating costs to the system triggering upgrades may impose costs on a
single project that could be shared by others that contribute to the grid
challenges).
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2.2 Interconnection Barriers in Western States

To understand barriers and challenges to interconnection in the western states, we interviewed 13
developers and 17 utilities. Interviewees were asked to identify the top three barriers to
interconnecting PV, unique challenges to installation in states where they operate, and potential
solutions. From these interviews, we were able to identify common barriers and differences
across states and utility service territories.

2.2.1 Barriers Identified by Developers in the West

Most of the interviewed developers operate in multiple western states and they provided input on
challenges across jurisdictions. Figure 4 displays the identified barriers and the frequency at
which these barriers were reported during interviews. The top three interconnection barriers
identified were 1) lack of information about the grid, 2) unnecessary equipment requirements,
and 3) lack of clear or consistent interconnection requirements.

Identified Barriers to the Interconnection of PV

Lack of information about local grid

Inconsistent or outdated equipment
requirements

Inconsistency across utilities

Submission through non-electronic
methods

Lengthy timelines of impact studies

Unclear method for determining system
size
Interconnection requirements are not well
communicated

Length of time to process applications

Lack of transparency in application review
status

Paperwork handling and other
delays in permission to operate

High interconnection/system upgrade costs

Last-in cost allocation mechanisms

Mismatch between complexity of
project and level of review

o
=

2 3 4 5 6 7

Frequency at which Barrier was Identified by Developer

Figure 4. PV interconnection barriers identified by developers

2.2.1.1 Lack of Information about the Grid

The primary barrier identified during developer interviews was a lack of information about grid
conditions that can affect the ability to interconnect PV systems. Having information on grid
conditions in specific locations can provide perspective on potential interconnection challenges
and can help developers more easily select and screen locations for proposed projects. Although
some U.S. utilities have developed hosting capacity maps and data that can be used to assess
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sites prior to submitting a formal application, such information is not available and has not been
developed in many jurisdictions. Lack of information on grid conditions can lead to a larger
number of proposed projects that are eventually abandoned by developers due to technical
challenges and upgrade costs. The higher interconnection application volumes can also pose
challenges to utilities that have to process more requests.

2.2.1.2 Inconsistent or Outdated Equipment Requirements

A second issue identified from the developers’ perspective is inconsistency in equipment
requirements or outdated requirements that could lead to higher interconnection costs.
Developers noted facing outdated or unjustified requirements, such as situations in which the
utility requires investments in new equipment when a smart inverter could be used to achieve the
desired result. Furthermore, developers noted discrepancies between local jurisdiction
requirements and utility requirements, particularly in areas where solar is less prevalent (e.g.,
which way to wire lines and loads on a meter). For example, due to the inconsistency between
the local jurisdiction and the utility, a project may become delayed in the inspection phase
because the local jurisdiction requires additional measures to be met before inspection is passed.
Communication and consensus on requirements between the local/state jurisdiction, utilities, and
developers is critical for minimizing barriers to the interconnection of PV.

2.2.1.3 Lack of Clear or Consistent Interconnection Standards

Another key concern raised by developers is the lack of consistency in interconnection rules
across states as well as across utilities within a state. There can be greater variation in utility
practices in states that lack statewide interconnection rules. Practices can also differ considerably
across states. These differences have been created in part because distribution planning and
design is localized and each utility uses different equipment types and design criteria to meet
regional/geographic needs. For developers that operate in various states and utility service areas,
these differences create a need to adapt to multiple utility procedures and processes.

2.2.2 Challenges Identified by Utilities in the West

Utilities are faced with interconnection barriers that are increasing with the volume of
applications and projects connecting to the electric grid. NREL and WIEB interviewed 17
utilities across the western U.S. (see Figure 5) to understand the range of challenges that they
have experienced in processing interconnection applications. Each utility interviewed was asked
to, if possible, identify the top three challenges related to interconnecting distributed PV. The
research methodology for utility outreach targeted the largest utilities in each state. As such, the
summary of utility challenges may not reflect the concerns of smaller utilities in some states.
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Figure 5. Number of customers and type of utilities interviewed

Figure 6 displays the identified interconnection barriers and the frequency at which the barriers
were mentioned in the interviews. The top barrier pertains to challenges associated with
scheduling appointments such as meter setting or inspections because of logistical issues or
backlog. Utilities also noted technical challenges around higher PV penetrations and
interconnecting PV plus storage as well as concerns such as customer education and siting
constraints. Ten different barriers were identified by two or three utilities, which indicates the
heterogeneity of issues faced by different utilities.

Utility challenges identified

o
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Challenges scheduling appointments

Cost allocation if upgrades are triggered
Additional work needed on PV plus storage
Higher feeder penetrations

Siting - space and/or capacity availability

Lack of communication and customer education
Lack of application processing automation
Ensuring customers do not oversize system
Requests for complex configurations/billing

Technical issues with system construction

Frequency at which challenge was identified

Figure 6. PV interconnection barriers utility interview results

2.2.2.1 Challenges Scheduling Appointments

Interconnection typically requires site visits, including those by a local inspector and a utility
employee who sets the meter. Utilities reported challenges scheduling appointments with
customers, developers, and/or local inspectors. Scheduling issues can include simple logistics,
inspector or staff backlog, or entities missing appointments. Because site visits often occur after
a project is installed, scheduling issues can cause unnecessary delays to system operation.
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2.2.2.2 Lack of Communication and Customer Education

Generally, utilities perceive a lack of customer knowledge of interconnection processes and other
aspects of installing PV, such as financing, billing issues, and expectations around system
production. Utilities indicated that it can be difficult to effectively communicate with customers
and ensure they obtain access to the necessary forms and information; customers cannot always
find the information they need, even if utilities make the information available and accessible. In
addition, utilities noted that developers and customers do not always follow the required
processes or do not completely fill out interconnection applications.

2.2.2.3 Cost Allocation if Upgrades Are Triggered

Typically, if distribution system upgrades are required to interconnect a project safely, costs are
allocated to the project(s) that triggers the upgrades. Utilities indicated that this approach can be
a barrier because it can unexpectedly add significant interconnection costs. Designing a fair cost
allocation strategy that does not discourage interconnection also presents a regulatory challenge.

2.2.2.4 High Distributed Generation Penetration on Feeders

In some cases, PV installations require transformer upgrades and larger systems can require more
substantial upgrades, particularly if clustered in the same area, on a feeder with low hosting
capacity, or on a weak portion of the grid. As PV penetrations rise in some utility territories,
additional technical review and a higher likelihood of upgrades can increase interconnection
costs, particularly for large projects, but also potentially for smaller projects, which are less able
to bear cost increases.

Importantly, many utilities noted improvements to interconnection application processing. In
response to the interview question regarding the top challenges to distributed PV
interconnection, seven utilities noted that process improvements such as implementing an online
application portal had alleviated key issues. After significant improvements have been adopted,
many utilities indicated that continuing to improve application processing presents an ongoing
challenge. Continued stakeholder engagement can identify additional opportunities for
improvement.

For comparison, an earlier national study conducted by the Smart Electric Power Alliance
(Makhyoun, Campbell, and Taylor 2014) found that utilities struggle with a variety of process-
related challenges. Although this earlier study was conducted prior to the substantial increase in
application volumes that has occurred in some states during the past few years, some of the same
issues were raised in our interviews with utilities:

Ensuring application accuracy/completeness
Communicating with customers

Obtaining signatures

Reporting statistics

Filing paperwork

Tracking application status

Scheduling inspections

Communicating internally.
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2.3 Summary of Interconnection Barriers

Barriers differ to some degree based on the developer’s or utility’s level of experience and
organization size as well as the type of customer requesting interconnection
(residential/commercial). In addition, interviews with developers indicate that they are
experiencing a wide variety of barriers, some more common or unique to each state or utility
service area in the West. Common barriers across all parties included an extended project
timeline, unexpected costs, and challenges communicating internally and to external
stakeholders.
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3 Interconnection Costs in the West

To better understand PV interconnection costs for large PV systems in the West, we collected
data from 92 utility impact studies to assess the magnitude and types of costs. The objective was
to identify the most common types of interconnection impacts and their potential costs. The data
sample included systems ranging in size from 100 kW to 20 MW from impact studies issued
between 2010 and 2017. The PV systems included in the sample were installed in four states in
the West for which we were able to obtain data. The data provide perspective on costs and
mitigation measures recommended for the systems examined but is not necessarily representative
of systems in the West. The analysis included larger systems in part because they can have
significant variation in interconnection costs, and, when upgrades are required, customers
typically bear the costs, which can be substantial in some cases.

This analysis included the impacts and mitigation costs associated with PV system
interconnections as assessed by each utility in each impact study; we did not collect information
about whether the proposed projects were ultimately built. The costs reported here do not include
other types of costs, such as study costs or application fees.

The main findings include:

e Forty-three percent of proposed systems had no adverse impacts on grid reliability and
thus did not require upgrades or other mitigation measures.

e Thermal impacts were the costliest impact to mitigate on average.

e Total upgrade costs per study ranged between $23,000 to $19.7 million, with a median of
$306,000.

3.1 Method and Data Sources

Ninety-two studies were analyzed, 52 of which presented a thermal, voltage, or protection impact
that could not be mitigated through low-cost alternatives. We were able to obtain studies for PV
systems requesting interconnection in four western states—Colorado, Arizona, California, and
New Mexico. In this analysis, we collected information about each PV system, including
proposed size, distance to the point of common coupling (PCC), distance to substation, feeder
voltage, type and cost of impacts identified, and impact report date.

The analyzed impact studies were reports downloaded from the Public Service Company of New
Mexico (PNM) OASIS portal and the Arizona Public Service Company (APS) OASIS portal,
Southern California Edison’s (SCE’s) Wholesale Distribution Access Tariff (WDAT)?
Interconnection Study Reports page, and reports shared by developers under the condition of
complete confidentiality. The type of reports analyzed included feasibility studies, system impact
studies, and facility studies that follow the Federal Energy Regulatory Commission’s (FERC’s)
Small Generator Interconnection Procedures (SGIP) study process; WDAT interconnection study
reports; and Xcel and Pacific Gas and Electric (PG&E) interconnection facilities study reports.

2 The WDAT describes the terms under which utilities in California provide open access to their distribution system
to wholesale customers seeking to interconnect generation facilities (SCE no date).
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More than 400 files were analyzed. Discarded files were associated with systems outside the size
range analyzed or included technologies out of the scope of this study, such as wind and storage.
Ninety-two reports were included in our analysis database.

Figure 7 shows the number of reports analyzed by system size. The lower limit of each range is
inclusive, and the upper limit is not. This means that in the 10-15 MW range, projects of 10 MW
are included, but projects of 15 MW are not.
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Figure 7. Number of reports by system size in megawatts

Table 2 shows the voltage level at the feeder at which the systems proposed to interconnect,
based on information provided in the impact studies. This information was available for most but
not all systems. Of those that disclosed this information, most reported that they were
interconnecting to feeders in the 12-14 kV range.

Table 2. Frequency of Interconnection Voltage Level (note that only 82 reports included voltage level
information)

Voltage Level (kV) Number of Systems

7.2-7.6 6
12-14 66
33-34.5 3
66—69 7

3.2 Assessment of Grid Impacts

In this assessment, we determined the type of impact to the grid based on information provided
by the utility in the impact study. A utility includes in their report to the developer all the
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identified impacts to the grid that the proposed PV system would trigger as well as the cost of the
required mitigation measures. These estimates are based on grid simulations that determine when
the grid’s reliability is compromised by the operation of the proposed system. The developer is
responsible for covering those costs, but the utility implements the mitigation measures. Our
analysis does not include mitigation measures with no costs or with costs that are not passed
from the utility onto the developer. The latter includes measures that do not require extra
equipment, equipment upgrades or additional engineering. Measures such as power factor
adjustment may have a direct cost to the developer (in terms of, for example, lost revenue). But
because these costs are not included in the utility’s impact study, we were not able to quantify
them with the means at our disposal.

For this analysis, the impacts were grouped in three categories—thermal, protection, and
voltage—and were based on the utility impact studies. The categories are defined as follows:

e Thermal Impacts refer to those in which a conductor or transformer would be used over
their thermal ratings if the system was installed without any mitigation measures.

e Protection Impacts include those in which the protection mechanisms of the network
(e.g., to address power backflow to the substation) need to be upgraded, including adding
new protection mechanisms.

e Voltage Impacts refer to situations in which voltage levels in any part of the grid rise to
impermissible levels due to the operation of the proposed system.

Certain components are more generally associated with one type of impact. For example,
reclosers are mostly associated with protection measures. However, we did not classify
mitigation measures according to the components required by the utility, but according to
what the utility explicitly mentioned as impacts identified during the study process.

In addition to impact mitigation measures, PV systems require an expansion of the network to
interconnect with the utility’s grid, including a conductor to reach the utility’s feeder,
transformers, etc. The cost of expanding the network is included in this analysis, separate from
mitigation measures. A project may not trigger the need for mitigation measures, but often
requires some form of network expansion® to be able to reach and interconnect to the utility’s
grid.

3.3 Analysis Results

3.3.1 Frequency of Grid Impacts

Voltage impacts were slightly more common across the studies, but thermal and protection
impacts were also commonly identified. Figure 8 shows the number of instances in which each
impact type was reported for the 92 reports analyzed. Each impact study may contain none, one,
or more than one type of impact. Of the total number of impact studies, 43% had no impacts
associated, 37% had one impact, 15% had two, and 4% had all three types of impacts
(percentages do not add to 100 because of rounding). Sena et al. (2014), at Sandia National

3 By network expansion we do not only refer to electric lines, but also the equipment, such as transformers, needed
to enable the export of electricity into the grid.
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Laboratories (SNL), performed a similar analysis on 100 interconnection impact studies from
three western utilities and PJM. They found that 44% of the studies included no adverse impacts,
29% had one type of impact, 18% had two, and 9% included three types.
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Figure 8. Impact types reported for studies analyzed

Table 3 shows a comparison between the results obtained by our team at NREL and the team at
SNL. The methodology of each study was slightly different. SNL included impacts that were not
explicitly labeled as such by the issuing utility, such as overvoltage that could be corrected by
operating the proposed system at a power factor different than 1 or by adjusting load tap changer
(LTC) settings on the substation transformer.

Table 3. Comparison of Results of This Analysis and Earlier Sandia Study

Analysis At Least One Impact Voltage Impacts Thermal Impacts Protection Impacts
NREL 43% 32% 29% 20%
SNL 44% 29% 20% 43%

Voltage impacts were identified across all states and utilities, but thermal and protection impacts
were more frequently identified in two of the states. Figure 9 shows the number of instances in
which each type of mitigation analyzed is reported by state. As mentioned, in these statistics we
only included impacts that required a mitigation measure for which the utility would pass the
cost on to the developer. Also, note that the limited number of data points makes it difficult to
draw any strong inferences about the frequency of measures across states.
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Figure 9. Total reports by state (blue) and impacts reported

3.3.2 Upgrade Costs by System Size

Total upgrade costs per study ranged between $23,000 to $19.7 million, with a median of
$306,000. The costs in SNL’s study ranged between $22,000 and $11.5 million, with a median of
$689,000.

In general, larger projects have a more significant impact on the operation of the grid than
smaller systems; therefore, they may require more expensive mitigation measures. However, this
is not always true. A smaller system installed in a section of the grid with limited hosting
capacity may trigger expensive network upgrades. To roughly map the correlation between
system size and the costs of mitigating PV system impacts, we calculated the mean total
mitigation cost in absolute terms and per MW for different system size ranges (Figure 10 and
Figure 11).

Figure 10 shows the first and third quartiles of total costs for projects in each of the four size bins
analyzed in this section. The 0.1-5 MW range shows high variability, with the total costs of two
projects exceeding the total costs of any the projects in the 5-10 MW and 10-15 MW bins. The
interconnection costs of these two outliers were driven by reconductoring costs of more than $1
million each.
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Figure 10. Interconnection total costs ($ thousand) by size range

Figure 10 shows the magnitude of total interconnection costs for different system sizes, while
Figure 11 presents these costs on a per MW basis. The range of costs is larger for the 0.1-5 MW
range than the 5-10 MW range on a per MW basis. This could be attributed to fixed costs that do
not strongly correlate to system size, such as the cost of extending a line to connect the system to
the feeder.
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Figure 11. Total mitigation cost ranges in thousands of dollars, by system size (MW)

3.3.3 Costs by Impact Type and for Network Expansion

We also analyzed the costs associated with thermal, voltage, and protection impacts as well as
costs to expand the existing infrastructure to physically interconnect the system to the grid. This
analysis required us to make several assumptions because the costs of mitigating each type of
impact were not always explicitly reported by the utilities. The cost to expand the network was
the cost most commonly and explicitly reported. If the cost of mitigating the reported impacts
was not listed, we evenly divided the remaining cost among all the reported impact types. For
example, if the total cost of interconnecting a project was $100,000 and the utility stated that
$50,000 was required to physically interconnect the system and voltage and protection impacts
were identified but no cost was associated with each of the impacts, then we allocated $25,000 to
voltage impact mitigation and $25,000 to protection impact mitigation. This methodology only
needed to be applied for one project.

As previously mentioned, impacts on the grid have some degree of correlation with the size of
the PV system being interconnected. However, this is not the case with network expansion costs.
Interconnecting PV systems with the utility’s network requires building power lines, which can
be a large expense that correlates with the distance to the interconnection point (also known as
the point of common coupling).
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Figure 12 shows that thermal impacts were the costliest impact to mitigate on average, with a
reported average of $1.2 million per project. This analysis was completed for the 80 systems for
which we were able to completely categorize total costs into network expansion and impact
mitigation costs. The available data suggest that reconductoring is the main contributor to
thermal impact mitigation cost. Figure 12 also shows that network expansion costs are
substantial and the second highest cost on average.
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Figure 12. Average cost per mitigation measure to interconnect to the utility's grid

Figure 13 shows the average cost of network expansion as a function of the distance of the
proposed system to the grid. The data were collected from 42 reports that included the total cost
of expanding the network and the proposed project’s distance to the point of interconnection.
Network expansion costs can be a significant portion of total interconnection costs and the
magnitude of these costs can be influenced by distance from the point of interconnection, as
shown in the scatterplot in Figure 13.
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Figure 13. Average cost per foot of network expansion

3.4 Summary of Cost Data

NREL analyzed the cost data from 92 interconnection impact studies from five western utilities
for proposed PV systems between 100 kW and 20 MW. The main findings include:

e 43% of proposed systems had no adverse impacts on grid reliability

e Thermal impacts were the costliest impact to mitigate on average

e Total upgrade costs per study ranged between $23,000 to $19.7 million, with a median of
$306,000.

Our analysis also found the network expansion costs are common across all of the projects in the
sample and are often modest, but can be a substantial portion of interconnection costs,
particularly for systems that are installed further from the point of grid interconnection.
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4 Comparison of State Interconnection Practices

Interconnection rules and practices often vary substantially across states and utility service
territories. This section compares statewide practices in the western United States with respect to
interconnection rules; standards and codes; application processing tracks; technical screens; and
customer service practices such as timelines, fees, and online processing.

4.1 Interconnection Standards and Codes

Interconnection standards and codes help create a national and uniform approach to how PV and
other DERs are connected to the grid, and how they will behave as a large group of systems.
Statewide rules help define a set of parameters that outline the process through which customers
and developers can apply to interconnect distributed generation to the system and help create a
level playing field for DER installers, operators, and utilities within the particular state. Utility
standards and rules define specific requirements that help DERs connect to the area electric
power system (EPS) and may be very specific in order to match with the voltage, frequency, and
system protection requirements, all while maintaining system safety and reliability. Text Box 1
provides an overview of how various state, national, and utility standards interact.

4.1.1 Statewide Interconnection Rules and Regulations in the West

In the western states, interconnection rules generally outline the steps within the interconnection
application process, define relevant national standards and codes that should be followed, and
define application review procedures. These regulations share a few key features—they typically
define how the application queue position is determined, establish timeframe expectations for
various steps of the interconnection application review process, specify the technical screens
used for different levels of interconnection review, and outline customer and utility
responsibilities. Most western states have clearly-defined statewide interconnection rules,
regulations, and processes approved by a public utility commission (PUC) (see Table 4 and

Figure 14).
Table 4. Statewide Interconnection Rules in the Western States
AZ CA CO ID MT NV NM OR Ul WA WY
NM|N-NM
Standard PUC-Approved ° ) ° ° ° ole ° °

Interconnection Process

Note: Oregon has distinct rules for net metered (NM) and non-net metered (N-NM) systems.
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|:| No state requirement

Requirements for net metering
|:| interconnections only

PUC-approved
interconnection standard

Figure 14. Statewide public utility commission-approved interconnection rules in the western
states

Text Box 1: Overview of State, National, and Utility-Specific Interconnection
Requirements

National Interconnection Standards and Codes:

Published standards and codes, such as IEEE 1547, UL 1741, and the NEC, offer
comprehensive and often prescriptive methods for the installation and operation of DERs
such as PV. Statewide rules generally refer to several technical standards and codes that
stakeholders must follow, but these “national standards and codes” are developed to be used
throughout the North American grid and often beyond (usually 60 Hz systems). Each
standard and code will, from time to time, go through revisions and updates, as does the
NEC every three years. As a general statement, states, utilities, DER developers, and other
stakeholders will adopt the revisions of critical standards and codes in a timely manner, but
there is often a delay between the publication date of the documents and the adoption within
the state.

Statewide Interconnection Rules:

Many U.S. states have a published statewide set of rules for the interconnection of DERs,
including PV systems. Many of the states that have developed rules for interconnection
reference and often require national standards and codes such as IEEE 1547, UL1741, and
the National Electrical Code (NEC). For most DER installations, these three standards and
codes, and often several other relevant standards and codes, help to define specific technical
interconnection requirements and building requirements for DERs. These statewide rules are
usually developed within the scope defined by the state PUC, and generally are developed in
a consensus manner with stakeholders that include utilities, DER developers, commission
staff, and other relevant stakeholders. These statewide rules often define issues such as the
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technical interconnection standards and codes that must be followed and may offer other
important guidance such as process and timelines. Ultimately, although many U.S. utilities
are nonregulated, many still follow statewide interconnection guidance and rules, and most
state PUCs have the authority to enforce statewide rules. These statewide rules address
issues of transparency and accountability, can provide consistency across regulated utilities,
and can make it easier for developers to navigate the process when working in different
utility service areas.

Utility-Specific Standards and Rules:

Each electric utility has unique standards of design and operation of their particular grid,
while at the same time one can state that they all operate in a similar manner. But the unique
characteristics of technical design and operations such as voltage levels, frequency, and
system protection (fuses and breakers) require that each utility ensure that an interconnecting
DER properly harmonize with the utility system. Thus, it is important to acknowledge that
utility companies often have specific requirements for DER installations and operation.
However, these differences should generally not limit the adoption of DER but may require
customized designs and DER settings (voltage response, for example).

States that do not have PUC-approved interconnection rules and processes generally have a
procedure for recommending, reviewing, or approving utility interconnection practices. For
example, although the Arizona Corporation Commission (ACC) does not currently have binding
interconnection rules, a utility can use an interconnection document (promulgated by the ACC in
2007) as guidance when developing interconnection processes (DSIRE 2017). Furthermore,
although Wyoming’s Commission has not adopted interconnection rules and regulations,
Wyoming’s net metering law outlines standards that interconnecting facilities are required to
meet (DSIRE 2014). In Montana, regulated utilities are required to file their standard
applications, agreements, and interconnection fees schedules with the Montana Public Service
Commission.*

4.1.2 Requirements for Non-exporting Distributed Energy Resource Systems

Non-exporting DER systems can be sized for customer self-consumption, paired with energy
storage, and are often designed, using protective functions, to never export power beyond the
point of interconnection (inadvertent de minimis exports are typically permitted for short
durations®). Simplified interconnection processes can be justified for non-exporting systems
because impacts to the utility grid are minimal if electricity is consumed on-site and not exported
to the grid.

Several western states dictate an alternative review and approval process for non-exporting
systems, which lessens the technical burden for interconnection as utilities generally have fewer
concerns with these systems (Table 5). For example, Rule 21 issued by the California Public
Utilities Commission (CPUC) outlines a specific application process for nonexport facility

 For more information, see Administrative Rules of Montana §38.5.8404 (accessed 9/8/17)
> For additional discussion of the technical reasons to permit inadvertent de minimis exports, see (ESA 2017)
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applications, and a different interconnection agreement is required for these projects (PG&E

2017).

Table 5. Requirements for Non-exporting Systems

AZ| CA | CO |ID | MT

NV | NM

OR uT
NM|N-NM

WA | WY

Is there different treatment for
non-exporting PV systems?

Note: Oregon has distinct rules for NM and N-NM systems.

Specific state policy requirements for non-exporting systems are listed in Table 6. To qualify as
non-exporting facilities, Montana and Oregon require relays or protective functions that prevent
the export of power.®’ California’s Rule 21 and Nevada’s regulations allow the same three
protective functions to allow DER to qualify as non-exporting—reverse power protection,
minimum import protection (which requires a small amount of power to always be drawn from
the grid), and non-islanding certification. California Rule 21 and Nevada’s regulations also share
the same requirement for an undersized facility: the maximum power capacity of the DER
system can be no greater than 50% of customer minimum load over the previous 12 months
(PG&E 2017; NV Energy North 2003). Importantly, undersizing systems and limiting exports to
the grid can help DER developers avoid the need for potentially expensive equipment.

Table 6. Procedures for Non-exporting Systems

California
(PG&E 2017)

Montana?

Nevada (NV
Energy North
2003)

Oregon®

Methods for
NonExporting

Undersizing or
relays

Relays or other
protective equipment

Undersizing or
relays

Relays or other
protective equipment

circuit

Changed Qualifies for fast- | Specific expedited Non-export Specific review track
Treatment in | track, regardless | review track for non- | status required for non-exporting
Screening of size; certain exporting projects for simplified projects
screens review
bypassed
Project Size None 50 kW on area None 50 kW on area
Limits networks; no size networks; 10 MW on
limit on radial radial networks
networks®
Aggregate None Lesser of 5% of an None Lesser of 5% of an
Distributed area network’s area network’s
Generation maximum load or 50 maximum load or 50
Capacity kW on area network; kW on area network;
Limits 10 MW on radial 10 MW on radial

circuit

a Administrative Rules of Montana, §38.5.8411 (accessed 9/11/17)

& For more information, see Administrative Rules of Montana, §38.5.8411 (accessed 9/11/17)
" For more information, see Oregon Administrative Rules (OAR), §860-082-0055 (accessed 9/11/17)
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b Oregon Administrative Rules, 8860-082-0055 (accessed 9/11/17)

¢ For more information on the technical differences between radial and networked systems and for additional
background, see the NREL reports “Interconnecting PV on New York City’s Secondary Network Distribution System
and “Secondary Network Distribution Systems Background and Issues Related to the Interconnection of Distributed
Resources”

”

4.1.3 Requirements for Standalone Storage and Storage Coupled with PV

Storage systems can enable customers to shift electricity consumption and reduce peak load.
When coupled with PV, storage allows the system to operate with limited or no exports to the
grid or shift export to high-value time periods. As customers increasingly seek to interconnect
storage systems, it will be important for states to outline the regulatory treatment of both
standalone storage and PV plus storage. A few western states—California, Colorado, and New
Mexico—do outline specific treatment of storage interconnection (see Table 7). In addition,
many individual utilities are in the process of developing requirements for interconnecting
storage or PV coupled with storage, and Arizona and Nevada have ongoing interconnection
proceedings to incorporate language on storage.®

Table 7. State Requirements for Storage or PV Coupled with Storage

AZ | CA | CO |ID | MT | NV | NM OR UT | WA | WY

NM]N-
NM

Specific Guidance for the ° ° |
Interconnection of PV Plus Storage

Interconnection Standards ° ° . |
Specifically Address Energy
Storage Systems

There are a number of steps a state can take to incorporate storage into interconnection standards,
such as explicitly indicating that a standard applies to storage and providing clear procedures for
technical review (Stanfield et al. 2017). For example, California’s Rule 21 includes energy
storage in its definition of a “generating facility” and the standard interconnection agreement
within the New Mexico Interconnection Manual contains storage under its definition of a
“generator” (PG&E 2017).° Table 8 summarizes the aspects of storage requirements developed
in California, Colorado, and New Mexico.

Storage’s unique attributes require additional considerations for interconnection. For example, a
storage system can act as both a generator and a load if it charges from the grid, and this
additional load could potentially trigger the need for upgrades. Also, storage has very flexible
operational control, which allows it to follow a number of different charge and discharge
behaviors, and control behavior can be simple to modify (ESA 2017).

8 Arizona’s Docket more broadly concerns development of interconnection rules, while Nevada’s Docket pertains
specifically to storage: Arizona, Docket No. RE-00000A-07-0609; Nevada, Docket No. 17-06014
® For more information, see the New Mexico Interconnection Manual (accessed 9/11/17), p. 38
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Because of the flexibility, for storage coupled with PV, it is important to determine the treatment
of system capacity for evaluating the potential safety and reliability impacts of a proposed
system. Aggregating the nameplate capacities of the PV and storage systems in performing
technical review assumes that storage will operate at capacity contemporaneously with the PV
system, which could make it more likely that a project necessitates upgrades. On the other hand,
the FERC SGIP allows a PV plus storage system to be treated as smaller than aggregate capacity
if output is limited “through use of a control system, power relay(s), or other similar device
settings or adjustments” (FERC Order 792 2013), and Colorado’s interconnection guidance for

PV plus storage contains similar language for determining net capacity.*°

Table 8. Interconnection Requirements for Storage or PV Coupled with Storage

attributes are evaluated
(PG&E 2017)

provides line diagrams that
show required configurations
(Xcel Energy 2017)

California Colorado New Mexico
Storage Included Yes (PG&E 2017) No Yes?
under Definition of
Generator
Interconnection Storage can be In a settlement, PSCo agreed to | No additional
Requirements interconnected through | guidance for interconnecting interconnection
Rule 21 if both its standalone storage and PV plus | requirements
generation and load storage systems; PSCo also specified

Storage Operation

Three potential
operating modes—no
grid charging, peak
shaving, and
unrestricted (PG&E
2016)

Operating restrictions exist for
storage interconnected with net
metered solar (to ensure
integrity of net metering
compensation)

Net capacity

The contribution of storage to
net capacity of PV plus storage
can be “limited by programing or
by some other on-site limiting
element” (Xcel Energy 2017)

Treatment of Non-
exporting Storage

Standalone storage can
apply as Rule 21
nonexport facility
(PG&E n.d.)

Can interconnect without an
agreement if facility does not
export and certain requirements
are met (Xcel Energy 2017)

a New Mexico Interconnection Manual (accessed 9/11/17), p. 38

4.2 Comparison of Application Processing Tracks

Aligning the rigor of an interconnection application review with the complexity of
interconnecting the DER system can help save time and resources and unnecessary reviews. To

10 See the Emerging Issues companion report for a more detailed discussion of issues related to storage and PV plus

storage

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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this end, most state regulations generally follow the broad process outlined in the FERC SGIP
(see Text Box 2) and define three main application tracks for interconnection—simplified, fast-
track, and detailed study.! Note that interconnection applications are reviewed by more rigorous
screening if they fail one level of review.*?

Text Box 2: FERC SGIP

FERC’s pro forma SGIP, initially adopted in 2005, regulates interconnection requests for
systems 20 MW and smaller installations under FERC’s jurisdiction. The SGIP includes
technical screens and studies for three different levels of application review—expedited
inverter-based, fast-track, and detailed study. Many states have incorporated elements of
SGIP into their interconnection standards (Fox et al. 2012).

The application tracks vary as follows:

e Simplified Application—This is for small and straightforward requests, which require
limited review and can generally be expected to have limited utility system impact.

e Fast Track—This process places a higher technical burden on interconnection approval
and can be used to review larger facilities but is less intensive than detailed studies.

e Supplemental Review—This review can assess whether interconnection applications
that fail fast-track screens can still be interconnected safely and reliably.

e Detailed Studies—These impact studies are generally for the largest and most complex
DER applications and generally require modeling of system impacts. Under the detailed
study review, the utility may recommend changes to an application or system upgrades
that could allow a project to mitigate concerns.

In the West, most states have adopted simplified interconnection processes for small inverter-
based facilities that are typically 25 kW or smaller. All states with interconnection requirements
define fast-track review procedures for facilities with varying size ranges, and most of these
states included supplemental review requirements. Finally, all states have a detailed study track
for larger and more complex interconnection requests. Figure 15 shows the state-specified size
thresholds for different levels of interconnection review.

11 The taxonomy of different review levels varies from state to state. For purposes of this report, a standard naming
convention is used for the three commonly used interconnection review levels across the western states—simplified,
fast-track, and detailed study.

12 For a more detailed overview of technical screening, see “Sun Screens: Maintaining Grid Reliability and
Distributed Energy Project Viability through Improved Technical Screens” by the DOE Energy Transition Initiative
and “Priority Considerations for Interconnection Standards: A Quick Reference Guide for Utility Regulators,” by
IREC
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m Simplified (inverter-based) © Expedited m Fast track/Mid-tier m Detailed study

Arizona |
California*
Colorado

Idaho

Montana
Nevada**

New Mexico
Oregon (NM)
Oregon (N-NM)

Utah
Washington
Wyoming
FERC's SGIP***
1 10 100 1,000 10,000
(kw)

*Fast-track size limit is only 1.5 MW for San Diego Gas & Electric

**Review levels are delineated by kVa of capacity

***East-track review based on line voltage and distance from substation; facilities from 500 kW to 4,000 kW can
qualify

In most states, the threshold for detailed study exceeds 10 MW; 10 MW is used for ease of display

Figure 15. System size thresholds (kW) for application processing tracks (logarithmic scale)*®

4.2.1 Comparison of Simplified Application Track

Most interconnection applications that qualify for the simplified application track are those that
will be installed on residential, detached single-family homes. The large majority of
interconnection applications received are processed via the simplified track, but there is variation
in threshold size across western States. Figure 16 shows the system size thresholds for the
simplified application track by state, which range from 10 kW in Colorado and New Mexico to
50 kW in Montana. Montana’s higher threshold aligns with its net metering program size limit.

13 Application tracks shown for up to 10,000 kW for ease of display; in many states, regulations cover larger systems
(refer to subsection “Comparison of Top-Tier Application Track” for more information)
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Arizona - [
California
Colorado
Idaho
Montana
Nevada*
New Mexico
Oregon (NM)
Oregon (N-NM)
Utah
Washington
Wyoming

0 10 20 30 40 50
(kw)

*In Nevada, systems >11 kVa can pass simplified review if they pass additional screens (systems <11 kVa do not
have to pass as many screens)

Figure 16. System size thresholds (kW) for the simplified application track

Simplified review often includes a streamlined application process and a distinct screening
procedure, which generally resembles fast-track review, but typically with fewer screens.
Simplified review can reduce the burden on the developer that is submitting and the utility that is
reviewing an application. Across the West, this track is restricted to inverter-based facilities and
typically requires equipment that is UL 1741 certified to ensure basic safety and follows the
IEEE technical standards (IEEE 1547 and IEEE 1547.1). In a few cases (notably California and
the FERC SGIP), simplified applications are reviewed by fast-track screening, but the simplified
process allows customers to submit a less-involved application.

4.2.2 Comparison of Fast-Track Review

Relative to the simplified review, fast-track review is for larger and more complex
interconnection applications and can typically be used to approve the interconnection of
proposed DER systems up to 2 MW (see Figure 17). In some cases, a proposed facility’s size
immediately necessitates mid-tier review; in others, a facility that fails the simplified review
screens will be assigned to fast-track review. In many states, fast-track review includes the
option of supplemental review, which allows a DER interconnection application that fails the
initial fast-track review screens to undergo additional screening or study in order to receive
approval. Supplemental review typically requires additional cost to the DER developer (and
ultimately the end customer), but it can provide a pathway for a facility to interconnect without
going through a more onerous detailed impact study review.

Fast-track review is used to assess a wide range of DER system sizes for interconnection. Small-
commercial, large-commercial, industrial, multifamily residential, and small ground-mount DER
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systems can often be approved by using fast-track review. Updates to the FERF SGIP (Ferc
2013) also enable the use of fast track for systems up to 5 MW.

B Expedited review B Mid-tier review

Arizona
California*
Colorado
Idaho
Montana
Nevada**
New Mexico
Oregon (NM)
Oregon (N-NM)
Utah
Washington

Wyoming
FERC's SGIP***

0 1,000 2,000 3,000 4,000 5,000
(kW)

*Fast-track size limit is only 1.5 MW for San Diego Gas & Electric

**Simplified review requires 11 kVA capacity or smaller

***East-track review based on line voltage and distance from substation; facilities from 500 kW to 5,000 kW can
qualify

Figure 17. System size thresholds (kW) for fast-track/mid-level application track

4.2.3 Comparison of Detailed Study Track

The detailed study track is designed for larger and more complex systems (Figure 18). Projects
that require system upgrades will generally be reviewed under the detailed study process, which
is also required for projects that fail fast-track and/or supplemental review. Detailed review
procedures are not technical screen-based and involve one or more studies. Using detailed impact
study results, utility engineers may recommend mitigation measures, such as utility system
upgrades or other DER project design modifications, which could allow a project to interconnect
without negative system impacts.
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Arizona ‘
California
Colorado

Idaho ‘
Montana*
Nevada

New Mexico
Oregon (NM)
Oregon (N-NM)
Utah
Washington
Wyoming ‘
FERC's SGIP

0 5,000 10,000 15,000 20,000
(kW)

*No size limit specified for systems interconnected through detailed study process

Figure 18. System size thresholds (kW) for detailed study application track

4.3 Comparison of Technical Screens

Across the West, state-defined simplified and fast-track reviews include specific technical
screens, which are designed as a set of questions regarding the proposed interconnection (DOE
2017). Screening procedures evaluate whether a project can interconnect without adversely
impacting power system safety and reliability (DOE 2017). Well-defined screening provides
transparency for DER customers and developers in addition to addressing safety and reliability
concerns (Fox et al. 2012). (Simplified review screens are not evaluated in this section, as they
are the same as, or closely resemble, fast-track screens in many states.)

Fast-track review allows interconnection applications that are unlikely to have an adverse impact
to “proceed through an expedited review process” (Fox et al. 2012). All western states that have
detailed interconnection rules have transparent fast-track screens that are often based on the
technical screening procedures outlined in the FERC SGIP. Table 9 shows which FERC SGIP
screens are used in state interconnection standards.
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Table 9. State Use of FERC SGIP Fast-Track Review Screens

FERC Fast-Track Review AZ CA CO ID MT NV NM OR urT WA Wy
Screen? NM|N-NM
Subject to Tariff °

15% of Peak Load ° ° ° ° ° ole e o
Secondary Networks ° ° ° oo e o
Maximum Fault Current ° ° ole e o
Short Circuit Capability ° ° ° ° o oo o o
Service to Transformer ° ° ° ° o oo e o
Compatibility

20 kW Shared Secondary ° ° ole °
Split Neutral 20% Limit ° ° ° o oo e o
Transient Stability ° ° oo .
Limitations

No Construction Screen ° ° |o )

a The screen taxonomy in this table is adopted from the DOE Energy Transition Initiative report, “Sun Screens
Maintaining Grid Reliability and Distributed Energy Project Viability through Improved Technical Screens.”
Additionally, see the Appendix A of that report for an overview of the screens.

All western states use the 15% of annual peak load line section penetration, short circuit
capability, and service to transformer capability screens. The transient stability, construction of
facilities, and 20 kW on single-phase shared secondary screens are less common. The no
construction screen ensures that a fast-tracked project does not require upgrades by the
distribution or transmission provider. However, this may force a proposed project to undergo
supplemental review or detailed study even if only minor upgrades are required for a proposed
project that otherwise passes fast-track screens (IREC 2017).

4.3.1 Comparison of State and FERC SGIP Screens

Although Table 9 shows which FERC SGIP screens are adopted in each state, in some cases the
screen used in a state rule differs technically from the FERC SGIP screen. Table 10 details the
differences between the state and FERC SGIP screens. Sometimes the difference is modest. For
example, a few state short circuit capability screens note that the aggregate generation cannot
exceed 90% of short circuit interrupting capability, rather than the 87.5% figure specified in the
SGIP.
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Table 10. Technical Differences between State Screens and FERC SGIP Screens

State Screens

California « Split neutral 20% limit—SGIP specifies that imbalance cannot be more
than "20% of the nameplate rating of the service transformer" (FERC
2013). Rule 21 more broadly notes that an "unacceptable imbalance"
cannot occur.

» Transient stability limitation—SGIP transient stability screen limits capacity
on feeders up to 10 MW where there are transient stability limits.
California simply notes that detailed study may be required if limits exist.

Colorado » Secondary networks—SGIP stipulates that aggregate capacity "shall not
exceed the smaller of 5% of a spot network's maximum load or 50 kW"
(FERC 2013). State requirement is 5% and 300 kW respectively.

Montana o 15% screen—In addition to the 15% screen, 100% of annual minimum
load is used as a screen.

» Secondary networks—Only uses the 5% of aggregate capacity threshold
(it does not specify a capacity limit like SGIP does).

« Short circuit capability—In SGIP, aggregate generation cannot exceed
87.5% of short circuit interrupting capability. In Montana, the figure is 90%
(but is otherwise equivalent).

o 20 kW shared secondary—Limit is 20 kVA instead of the 20 kW specified
in SGIP (screens are otherwise equivalent).

New Mexico « Secondary networks—Rather than being relative to maximum load,
aggregate inverter-based generation cannot exceed 50% of network
minimum load.

Oregon (net metering) » 15% screen—Capacity limit for nonsolar generators is 10%; for solar it is
15%.

« Secondary networks—OR-NM only uses the 5% of aggregate capacity
threshold (it does not specify a capacity limit like SGIP).

« Short circuit capability—The only difference is that SGIP uses a threshold
of 87.5% and OR-NM uses a 90% threshold.

o 20 kW shared secondary—Limit is 20 kVA instead of the 20 kW that is
specified in SGIP (screens are otherwise equivalent).

Oregon (Non-net « Short circuit capability—The only difference is that SGIP uses a threshold

metering) of 87.5% and Oregon uses a 90% threshold.

Utah « Short circuit capability—The only difference is that SGIP uses a threshold
of 87.5% and Utah uses a 90% threshold.

Washington « Split neutral 20% limit—In SGIP, the imbalance between two sides of a

center tap neutral with 240 volt is limited to a percent of transformer
capacity (at 20%). In WA, the imbalance is limited to 5 kW.

4.3.2 Use of Additional Screens (not in FERC SGIP)

Although most state standards include a screen for both spot networks and radial networks, three
states (Colorado, Montana, and Oregon) include area network screens as well. All three states
specify that the aggregate small generation on the area network cannot exceed the smaller of
10% of minimum load or 500 kW. Colorado requires DERs interconnecting to the load side of an
area network to be inverter-based.
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4.3.3 Supplemental Review Screens

In many states, an interconnection application that fails fast-track screening may now undergo an
automatic supplemental review (occasionally referred to as “additional review”), rather than
being sent directly to the more time-consuming and costly detailed impact study process.
However, in most states, supplemental review is less transparent than fast-track screening as the
steps in a supplemental review are somewhat complex. California’s Rule 21 clearly delineates
the screening procedures for supplemental review, which include a 100% of minimum daytime
load capacity screen, an evaluation of voltage and power quality issues, and safety and reliability
screening.™® However, no detailed information was found on the supplemental screening or study
processes used in other states (see Table 11). An IREC (2017) report notes that until recently,
FERC SGIP supplemental screening was a “black box,” and that only a few states have adopted
the more transparent process outlined by FERC.

Table 11. State Use of FERC Supplemental Review Screens

FERC Supplemental Review Screen CA Screens
100% Daytime Minimum Load o
Voltage and Power Quality Tests

Voltage Regulation Maintained °
Voltage Fluctuation Acceptable °
Harmonic Levels within IEEE 519 °

Safety and Reliability Tests

High Minimum Loading °
Uniformity of Line Loading °
Proximity to Substation °
Reconnection Time Delay °
Operational Flexibility Reduction °
Equipment—Addressing Concerns °

4.4 Hosting Capacity Analysis and Maps

Feeder hosting capacity refers to the DER capacity that can be interconnected with the grid
without requiring upgrading of infrastructure to avoid violation of voltage, thermal, and/or
protection limits. From studies published over the past few years, most hosting capacity studies
look at the most sensitive locations on a circuit, make that the limit for the entire feeder, and do
not capture the best-case scenarios. In other words, the hosting capacity of a distribution feeder is
often the lower limits of DER capacity based on the far ends of the circuit rather than locations
nearer the substation. It is important to note that a distribution circuit may be capable of hosting

14 The FERC SGIP’s supplemental review process is based on California’s standard and also has transparent
screening and study procedures

15 For more information on the FERC SGIP supplemental review process, see the current SGIP, pages 12-17:
https://www.ferc.gov/industries/electric/indus-act/gi/small-gen.asp
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many megawatts of DER, but the hosting capacity limit may be a few hundred kilowatts based
On Worse-case scenarios.

California I0OUs were required to develop estimates of minimum grid hosting capacity, to feeder
line section resolution, in their first-ever Distribution Resources Plan submitted in 2015 (CPUC
n.d.). The CPUC called for the hosting capacity analysis, or integration capacity analysis (ICA)
as it is named in the CPUC proceeding, to include consideration of feeder power quality and
safety standards, thermal ratings, and protection system limits (CPUC 2015). In the West, only
California requires hosting capacity analysis and mapping as of early 2018, although several
utilities in other states (e.g., Hawaii, Minnesota, Vermont) have developed similar types of maps.

The hosting capacity analysis and mapping tools provide information to the utility, DER
developers, and installers related to grid conditions in specific locations, which can provide
perspective on the potential costs and challenges of interconnecting DERs. These maps and data
may be used to help developers more easily select and screen locations for proposed projects.
Eventually, the data and analysis might be used to evaluate interconnection applications and
potentially fast-track DER systems in locations of the grid where there are no interconnection
challenges. ICA was developed as a probable improvement over fast-track screens (e.g., the 15%
penetration screen) that are typically used to estimate hosting capacity, based on rules of
thumb.*® Compared to the use of fast-track screens and supplemental screens,'’ hosting capacity
analysis provides a more precise estimate of the ability of the grid to host distributed generation
capacity in specific locations, because it relies on data and conditions represented in each
distribution feeder segment.

The CPUC has required the utilities to make results of ICA publicly available in online maps.
Figure 19 shows a portion of one such map developed by San Diego Gas & Electric (SDG&E).
SDG&E used Synergi software, which it employs for distribution planning studies and detailed
impact studies, to conduct its ICA (SDG&E 2015).

16 The so-called 15% screen is a capacity penetration measure; that is, it expresses aggregate generation capacity of
DERs interconnected with a distribution system feeder or feeder line section as a proportion of annual peak load on
that feeder or line section. A rule of thumb for distribution planning engineers is that most distribution feeders have
minimum daily loads of approximately 30% of their annual peak loads; thus, the 15% screen is relatively
conservative (Coddington et al. 2012). Consequently, certain entities (e.g., California Public Utilities Commission
[CPUC]) use a supplementary screen with interconnection applications that fail an initial 15% screen, requiring
DER penetration to be less than 100% of minimum daily load (i.e., 30% of annual peak load). Small DER projects
such as solar PV generation, even if they fail an initial 15% screen, will often pass this supplementary screen.

17 Fast-track screens serve as proxies for more technical assessment of hosting capacity, but only if a DER is
unlikely to trigger violations of voltage, thermal, and/or protection limits. Supplementary studies of DER
interconnection impacts are typically required if a fast-track screen is not passed. Interconnection of low-impact
electric power generation, such as distributed solar PV in an area with low DER penetration, is usually expedited.
Low penetration for the purpose of screening has frequently been defined as a distribution feeder or feeder line
section with an aggregate DER capacity of less than 15% of annual peak load (Coddington et al. 2012; FERC 2013).
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Source: San Diego Gas & Electric 201518

Notes: Pop-up box provides details of Feeder 596 in San Diego Gas & Electric territory, in mid-eastern portion of map
area (feeder indicated in blue). Total generation capacity of Feeder 596 is 9.34 MW; so-called minimal impact
capacity is generation capacity that can be conservatively interconnected with Feeder 596 (according to 15% screen
detailed in text of this report). As noted earlier, it is possible that more than 1.40 MW can be interconnected with
Feeder 596 without serious impacts. Substation for Feeder 596 is San Marcos, located in southwestern corner of
map area (green-filled square symbol indicates substation location).

Figure 19. Portion of San Diego Gas & Electric service territory, from publicly-available ICA map

The ICA Working Group, established in May 2016, has refined ICA for California IOUs (ICA
and LNBA n.d). Importantly, the working group has suggested, based on findings from
Demonstration Project A (conducted by the I0Us), that the so-called iterative methodology for
ICA is preferable to the streamlined methodology. The streamlined methodology evaluates,
using sets of equations and algorithms, numerous criteria (e.g., voltage limits) in order to
determine hosting capacity at each distribution system node. The iterative methodology performs
power flow simulations while increasing aggregate DER capacity (in 500-kW increments) at
each distribution node until a power quality criterion is violated. Although the iterative approach
is more computation-intensive, it was favored for ICA by a majority of the working group
members (Stanfield and Safdi 2017) and could potentially be used to streamline evaluation of
interconnection request reviews in the future.

4.5 Customer Service Practices (Timelines, Access, Transparency)

Many western states have adopted requirements that ensure interconnection is conducted in a
timely and transparent manner and that consumers have recourse in the case of disputes. Table

18 Visit https://drpwg.org/sample-page/drp to view this map. Note that one must obtain a username and password
from SDG&E to access ICA maps.
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12 summarizes requirements in the western states designed to provide consumer protections
during the interconnection process. These provisions include the use of public project queues for
interconnection, easy access to online application materials, timelines for processing
applications, and processes for resolving disputes.

Table 12. State-Level Customer Service Requirements

AZ CA CO ID MT NV NM OR UT WA WY
NM|N-NM

Mandated project queue for )
interconnection requests

Interconnection application ° 0 ° °
materials required to be
made available online

State mandated timeframes ° ° ° ° 0 ° °
for different stages in the
interconnection process

Utilities required to report on °
interconnection timeline
performance

Defined dispute resolution ° ° ° ° ° ° ° °
process

4.5.1 Queuing Procedures and Application Tracking Mechanisms

Publicly-available data that depict a utility’s interconnection application queue can be used by
developers to understand a project’s position in the overall queue as well as the volume of other
projects requesting interconnection at a particular location. Queuing data that include location at
the circuit level could also help developers assess the likelihood that upgrades will be needed to
accommodate new distributed capacity on a circuit. Although all utilities keep track of project
application queues to prioritize application processing and cost responsibility for grid-related
upgrades, only California’s Rule 21 requires IOUs to make interconnection queue information
publicly available. IOUs must update the interconnection queue monthly and report project
information including queue position, request receipt, requested in-service date, capacity,
generator type, and substation or circuit (PG&E 2017). SCE and PG&E maintain these public
queues as an Excel document; SDG&E posts the queue as a PDF file.°

Utilities outside of California noted different perspectives on public project queues. Some
utilities observed they have not been necessary because very few feeders have DER penetrations
high enough that upgrades are a risk for new projects. Furthermore, several utilities and
developers noted potential privacy-related concerns with maintaining public project queues (e.g.,
developers may not want to provide information on their active projects to competitors). Thus,
regulators considering public queuing processes may want to weigh these competing concerns.

19 SCE queue; PG&E queue; SDG&E queue
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4.5.2 Application Access and Submission Method (Online Processing)

Making interconnection applications and relevant materials readily-accessible online can
streamline the application process from a DER developer’s perspective, while potentially
reducing a utility’s need to respond to information requests. Most utilities that were interviewed
for this analysis stated that they voluntarily made application material available online,
especially for residential and small commercial facilities (as they are much simpler overall).
However, some states specifically require utilities to make this information accessible on their
websites (Figure 20 and Table 13), and Washington notes that electronic submission should be
made available where possible.

|:| No state requirement

State requires interconnection
documents be available online

Interconnection documents must
be available online, and online
submission should be an option

Figure 20. Map of state requirements concerning application material accessibility

Table 13. State Requirements concerning Application Material Accessibility

State Requirement

Montana A utility must “[m]aintain all interconnection related documents on their
proprietary web site” 2

Oregon Application forms for net energy metered (NEM) and non-NEM systems are
required to be posted on a utility’s website®

Utah PUC requires that “[a]ll standard forms and standard form agreements must
be posted on the public utility's website” ©

Washington A utility’s standard interconnection application must be made available on the
utility’s website and, “unless unreasonably burdensome, allow for submission
via the internet”
a Administrative Rules of Montana, 838.5.8408 (accessed 10/12/17)

b Oregon Administrative Rules, §860-039-0025 and §860-082-0025 (accessed 10/12/17)
¢ Utah Administrative Code, Rule R746-312: Electrical Interconnection (accessed 10/12/17)

Many utilities have taken steps to streamline the application and review process. Figure 21
shows that, from data collected on 25 utilities operating across the west, more than a dozen
utilities maintain online application submission portals, even though only Washington requires
utilities to enable customers to submit applications online.
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Furthermore, implementation of automated application processing improves customer service;
customers can submit applications more easily and they can be processed more quickly. In
addition, DER developers and utility customers can be regularly informed of the application
status through automatic updates. Use of automated processing also has benefits to the utility
in terms of internal efficiency and enabling the utility to process applications more quickly,
which reduces staff time.
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PDF)
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Note: These data were collected from 25 utilities operating across the West

Figure 21. Western utility application availability

4.5.3 Timeframe Requirements

Eight of the western states specify timeframe requirements for application review and approval.
Figure 22 illustrates those requirements, organized by application review stage. Specifically, the
figure shows utility timeline requirements for simplified and fast-track interconnection
applications for up to six separate stages in the review process. However, it is important to note
that the figure does not show all timeline requirements. For example, it does not show timeframe
requirements for customer action, such as notifying the utility whether to proceed with additional
interconnection studies.
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OR (NM) Level 1**
OR (NM) Level 2**
OR (N-NEM) Tier 1**
OR (N-NEM) Tier 2**
Utah

Washington**

Note: Unless otherwise specified, day 0 (the y-axis) is when a complete application is received by a utility
*Supplemental review must be completed within 20 days of app receipt, not 20 days after initial review
*Approval/denial relative to time customer was notified of a complete application

Figure 22. State timeframe requirements (in business days) for application processing

Although several western states specify timeline requirements for utility interconnection
application review, only California requires (investor-owned) utilities to report performance. The
CPUC Decision 14-04-003 mandates quarterly reporting of utility application review timelines
(CPUC 2014). In spite of this reporting requirement, California utilities are not penalized for
missing review timelines, and state rules typically do not require corrective action by utilities
when deadlines are missed (see Table 14). California allows for exceeded timeline requirements
by utilities if a developer is notified and a new timeline is proposed. Oregon and Utah allow
extensions if the customer and utility agree on an extension or if the PUC approves a utility
request. This flexibility can accommodate application review that exceeds timelines by no fault
of the utility (e.g., because of project complexity or high volume of interconnection
applications).
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Table 14. Corrective Action for Missing Timeline Requirements and Timeline Extensions

State State Treatment

Arizona By legislation, if a utility has not approved or denied an application within 60 days of
submittal, installers can begin construction (Arizona 2016).

California A utility is required to make "reasonable efforts" to meet the Rule 21 timeline
requirements. If a utility exceeds the required time, it must inform the customer of the
cause of delay and additional time needed.

Colorado A utility is required to make “reasonable efforts” to meet timeline requirements. The
customer and utility can agree to an alternative schedule, but if a utility exceeds the
required time, it must inform the customer of the cause of delay and additional time
needed.?

Nevada No corrective measures or pathway for timeline extensions specified. Rule 15 states
timeline requirements be met, “absent any extraordinary circumstances.” (NV Energy
North 2003).

New Mexico  No corrective measures or pathway for timeline extensions specified. A 20-day
extension is given to a “small utility that uses a consultant to review an interconnection

application.”®

Oregon The customer and utility can mutually agree to “reasonable extensions” of timelines.

(NEM)
If the utility seeks a timeline waiver unilaterally, the Commission has discretion to
evaluate the reasonableness of a timeline extension. In reviewing the request, “the
Commission must consider the number of pending applications for interconnection
review and the type of applications, including review level and facility size.”

Oregon Same language used for net metered interconnections.

(Non-NEM)
Additionally, utilities are required to keep a record of (but not required to report) how
long it took to review each interconnection application for at least two years.9

Utah Same language used as in Oregon'’s interconnection standards.

Washington No corrective measures or pathway for timeline extensions specified.

a4 CCR 723-3, Rule 3667, pp. 151

b New Mexico Interconnection Manual (accessed 11/7/17), pg. 13

¢ Oregon Administrative Rules §860-039-0010 to 0080, Net Metering Rules (accessed 11/7/17)
4 OAR §860-082-0005 to 0085, Small Generator Interconnection Rules (accessed 11/7/17)

Nationwide, Massachusetts is the only state that levies financial penalties on utilities that miss
timeline mandates. In Massachusetts, utilities are required to file an annual report on the number
of business days, on average, from when an application is received to when an interconnection
agreement is executed (Barnes et al. 2016). Additionally, any penalties are paid by the utility’s
shareholders, rather than its ratepayers, providing utilities a clear financial incentive to meet
timelines (Massachusetts DPU 2014).

4.5.4 Dispute Resolution Processes

A defined dispute resolution process provides a clear pathway for a customer or utility to address
a grievance that might occur during the application review and approval process. As outlined in
Table 15, there is some variation in dispute resolution processes across states. Typically,
processes seek to limit the time and cost required to resolve a dispute, often requiring parties to
discuss an issue through representatives and/or seek mediation before requesting the involvement
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of the Commission or an Administrative Law Judge (ALJ). These procedures can benefit both
the customer and utility, and some utilities choose to voluntarily adopt standard dispute
resolution practices (see Table 15).

Table 15. Dispute Resolution Procedures by State

State Dispute Resolution Options
Resolution
Procedures?
Arizona No
California Yes Parties seek to resolve dispute via direct negotiation.

Parties can agree on mediation via the PUC’s ALJ or a third party.

Colorado Yes Parties seek to resolve dispute via direct negotiation.

Parties can agree on dispute resolution service, mediator, judge,
etc.; if issue is not resolved, it can be addressed through the PUC
or other legal channels.

Idaho No
Montana Yes Commission-complaint process.

Nevada Yes Parties seek to resolve dispute via direct negotiation.
If direct negotiation fails, either party can request review by the
PUC.

New Mexico Yes Parties can agree on a mediator.
Either party can request the Commission appoint a facilitator.

Oregon Yes No defined process for net metering.
Either party can petition the Commission for arbitration.
Utah Yes Separate procedures exist for residential and nonresidential
projects:

Residential: Parties seek to resolve dispute via direct negotiation;
either party can request 3™ party mediation; if those options fail, a
DPU employee reviews; finally, the Commission can be petitioned
to review.

Nonresidential: Parties seek to resolve dispute via direct
negotiation; dispute is filed with Commission if parties cannot
resolve it.

Washington Yes Commission general complaint procedures.

Wyoming No

4.6 Cost-Related Provisions

Interconnection costs can be a substantial barrier to distributed PV interconnection and
uncertainty surrounding these costs at the outset of the project can make it more difficult to
assess project economics. States and utilities have developed several types of provisions in
interconnection standards to address cost uncertainty, including standardized application fees,
use of pre-application reports, and requirements that utilities estimate costs within a certain
threshold early in the process.

42

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



4.6.1 Application Fees

Standard application fees provide transparency in the interconnection process and can help
reduce the likelihood that a customer incurs unexpected costs. State regulations generally cap the
standard application fee that a utility can charge for processing an application, particularly for
smaller PV or DER systems or those that are eligible for net metering (Table 16). For example,
California requires a lower fixed fee for net metered systems, while Nevada and Oregon specify
that utilities cannot charge customers for processing a simplified application. New Mexico and
Washington differentiate maximum application fees based on proposed project capacity, which
contributes to cost certainty while acknowledging the additional processing burden of larger
systems.

In most states, the cost of supplemental review and detailed impact studies are the responsibility
of the customer, and there is no mandated cost limit. As a result, supplemental review can
increase cost uncertainty, as it often requires engineering analysis that takes time and resources.
However, several states have provisions to reduce the cost uncertainty of supplemental review.
Oregon and Utah?® limit the hourly cost of engineering time that a utility can pass on to a
customer, which can help reduce costs though not significantly reduce uncertainty. In California
and Nevada, supplemental review is free for a customer interconnecting a NEM system and is
fixed for non-NEM systems. Yet, more detailed study costs are the responsibility of the
customer.

20 Utah additionally has a study cost envelope that stipulates a customer is not responsible for study costs that exceed
125% of the utility’s initial estimate.
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Table 16. Comparison of Interconnection Application Fees by State

Standard Fee

Supplemental Review

Program
Exemptions

Arizona

California

Colorado?

Idaho

MontanaP

Nevada (NV
Energy North
2003) ¢

New Mexicode

Oregon®9

Utah"

Washington'

Wyoming
FERC SGIP

No standard fee stipulated

Standard fee required for NEM-2, but
depends on utility ($145 for PG&E;
$75 for SCE; $132 for SDG&E); $800
for non-net metered systems and
systems >1 MW.

Processing fees are specified for each
individual interconnection requests.

No standard fee stipulated.

Utilities required to have a fee
schedule filed with and approved by
PUC.

$800 for non-net metered systems.

Fee is graduated by proposed system
size:

o $50 for systems <10 kW

e $100 for systems 10 kW to 100 kW

o $100 + $1/kW for systems larger
than 100 kW.

Maximum application fee:

o $100 for simplified review

o $500 for fast-track review.

o 360 for simplified review

Maximum application fee:

o $100 for facilities 25 kW and smaller

¢ $500 for facilities 26 kW to 500 kW

e $1,000 for facilities 500 kW to 20
MW.

No standard fee stipulated.

e $100 for 10 kW simplified review.
o $500 fee for fast-track review.

No supplemental review fee
stipulated

Supplemental review is free
for NEM-2 facilities <1 MW;
fee is $2500 for NEM-2 >1
MW and all non-net metered
facilities.

Supplemental review costs
are estimated by the utility;
customer submits a deposit.

No supplemental review fee
stipulated.

Utilities required to have a fee
schedule filed with and
approved by PUC.

Additional $800 for non-net
metered systems.

Customer is responsible for
utility costs of conducting the
supplemental review.

No supplemental review
process; however, cost of any
engineering review capped at
$100/hr.

e Fast-track: $75 + $1.50/kW
+ review cost

o Engineer review capped at
$100/hr.

No supplemental review
process.

No supplemental process.

No fixed cost for
supplemental review; deposit
is required based on
estimated cost.

NEM-2 facilities have
different cost
responsibilities than
non-net metered
facilities.

Net metering
applications exempt
from standard fee and
supplemental review
fee.

o Simplified NEM:
free

o Fast-track NEM:
$50 fixed + $1/kW
+ review cost.

o Engineering review
capped at $100/hr.

a4 CCR 723-3, Rule 3667 (accessed 10/4/17), pgs. 141 and 147-148
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b Montana Code §38.5.8404 (accessed 10/4/17)

¢ Northern Nevada (NV Energy North 2013) Rule 15: Generation Facility Interconnections, accessed 10/4/17, pp. 29—
30

9 New Mexico Register §17.9.568.1, “Interconnection of Generating Facilities” (accessed 10/4/17)

¢ New Mexico Interconnection Manual (accessed 10/4/17), p. 13

fOAR 8§860-039-0010 to 0080, Net Metering Rules (accessed 10/4/17)

9 OAR 8§860-082-0005 to 0085, Small Generator Interconnection Rules, (accessed 10/4/17)

h Utah Administrative Code, Rule R746-312: Electrical Interconnection (accessed 10/4/17); Utah PSC Docket No. 14-
035-114 settlement

i Washington Administrative Code §480-108-020, Eligibility and technical requirements, (accessed 10/4/17)

4.6.2 Use of Pre-Application Reports

Several state rules require utilities to designate a point of contact to allow developers to make
informal information requests about a proposed interconnection application (see Table 17).
However, this requirement typically does not specify the detailed information a developer might
request or what information the applicant has to provide, so developers may not be able to obtain
the particular technical information they believe necessary to evaluate the feasibility of a project.
On the other hand, pre-application reports represent a more standardized way for a developer to
request technical system information to evaluate potential adverse system impacts of a proposed
project and assess the likelihood that costly upgrades would be required (Table 18). The use of
pre-application reports can also benefit the utility, which can save time and money by reducing
the number of interconnection requests for potentially problematic projects. Only three western
states—California, Colorado, and Oregon—require pre-application reports be made available by

utilities.
Table 17. Pre-Application State-Level Requirements
AZ CA CO ID MT NV NM OR Ul WA WY
NM|N-NM
Pre-application reports ° ) |o
required to be made
available
Designated point of ) ° ° ° ° °

contact for pre-application
contacts and info requests

Table 18. FERC SGIP and State Pre-Application Report Requirements

FERC SGIP SGIP California Colorado Oregon
Requirement
Report Cost $300 $300 No requirement  Ultility must be compensated “for the
specified. reasonable costs of gathering and copying
the requested information.”
Report 20 10 No requirement  No requirement specified.
Timeline specified.

As part of FERC Order 792 in 2013, FERC incorporated the option to request pre-application
reports into the SGIP. The FERC SGIP requires a utility to provide a pre-application report to
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developers in response to a formal request, and it also specifies the information that a customer
has to provide as part of a request, which helps standardize and streamline the process.
According to Order 792, a pre-application report should cost $300 and be completed within 20
business days of the request, and it must include technical information on the local system,
including available system capacity, project distance from the substation, line section estimated
load data, and other technical information.?* However, utilities are generally only required to
include existing information in pre-application reports and do not have to conduct new studies in
response to a pre-application request. California’s pre-application report resembles the FERC
SGIP and requires specific technical system information to be included.

Colorado’s and Oregon’s?? pre-application request requirements are less specific than
California’s or SGIP’s about the information that should be included in a report. For example, in
Oregon the information provided by a utility “must include relevant existing studies and other
materials that may be used to understand the feasibility of interconnecting” a facility at a certain
location on the distribution system.? Similarly, in Colorado, a developer can request information
about the local system, including “...relevant system studies, interconnection studies, and other
materials useful to an understanding of an interconnection at a particular point on the utility's
system...”?* Although these requirements are less specific regarding the information that should
be included in a report, they do provide developers an avenue to obtain useful information
regarding the location of the proposed system.

4.6.3 Cost Certainty Provisions

In nearly all states, a customer is responsible for studies and upgrade costs associated with
interconnecting a system. Some states indicate that a utility is required to make a “nonbinding,
good-faith” cost estimate, but this language does not hold a utility to a clear standard. As a result,
a DER developer may experience a significant escalation in interconnection costs if upgrades are
required or if upgrades cost more than the utility originally estimated. To help address this issue,
a few states have adopted provisions to reduce cost uncertainty (Table 19).

2L For more information on the FERC SGIP pre-application report requirements, see the current SGIP, pp. 2-5:
https://www.ferc.gov/industries/electric/indus-act/gi/small-gen.asp

22 pre-application reports are only required in Oregon’s interconnection rules for non-net metered systems.

23 For more information, see OAR §860-082-0020, Small Generator Interconnection Rules (accessed 10/12/17)
24 For more information, see 4 CCR 723-3, Rule 3667 (accessed 10/5/17), p. 143
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Table 19. State Interconnection Cost Certainty Provisions?

State Cost Certainty Mechanism Entity Financially Responsible when
Envelope Exceeded

California « Cost Envelope—Limits developer « Cost Envelope—Given the intrinsic
upgrade cost responsibility to 25% above uncertainty in cost estimates, a utility can
a utility’s estimate. To opt in, a developer rate base costs deemed prudently
must pay $2,500 and allow the utility 20 incurred that exceed the 25% threshold.
additional days to develop a more However, if it is determined that
rigorous cost estimate (CPUC 2016a). additional costs were unreasonable,

« Unit Cost Guide—Nonbinding list of utility shareholders bear the cost (CPUC

different costs associated with system 2016a).
upgrades; updated annually.? « Unit Cost Guide—A utility is not bound to

the upgrade costs in the unit cost guide; it
is designed to improve transparency.

Oregon Cost Envelope—The statute has a Cost Envelope—No responsible entity; the
(NEM) nonbinding stipulation that final upgrade requirement is not financially binding.
costs are within 25% of the cost estimate.

Utah Study Cost Envelope—A customer is only Additional costs would be included in cost of
liable for up to 125% of a utility’s study cost  providing service.
estimate. This cost envelope does not
apply to upgrade costs.

a Although Nevada’s Rule 15 does not incorporate an explicit fixed cost provision, for projects where upgrades are
estimated to cost $40,000 or less, the developer pays estimated costs and there is no true-up of final upgrade costs.
So, effectively, there is a fixed upgrade cost arrangement for these projects. However, because projects that trigger
upgrades will likely have more costly upgrades, this likely only impacts a small group of projects (e.g., residential
transformer upgrades). See Section D.1.d in Rule 15 and Section A.31.a.2.(b) in Rule 9.

b Unit cost guides for IOUs available online:
https://www.caiso.com/informed/Pages/StakeholderProcesses/Participating TransmissionOwnerPerUnitCosts.aspx

A cost envelope limits developer cost responsibility to a certain percentage above a utility cost
estimate, either for interconnection studies or upgrades. Of the policies outlined in Table 19,
California’s opt-in cost envelope provides the most cost certainty, because it limits developer
responsibility for upgrade costs, which can be a source of significant cost overruns. Additionally,
if costs exceed the envelope, a utility’s shareholders bear the costs if they are not deemed
prudently incurred, strengthening the utility incentive to contain costs or ensuring their estimate
will be within the envelope. Utah’s cost envelope does not increase cost certainty as much as
California’s program because it only applies to study costs, which generally represent a smaller
share of interconnection costs. Finally, Oregon’s cost envelope is nonbinding, so it does not
increase cost certainty for developers, although it may give a developer more recourse if actual
upgrade costs vastly exceed the estimate.

California’s unit cost guide could also help cost certainty by improving transparency. Each 10U
is required to maintain a list of example costs of different upgrades (for example the cost of new
or upgraded protection equipment). Although this information does not limit developer liability,
it provides developers the additional information needed when evaluating a cost estimate for
upgrades.
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4.7 Summary of Interconnection Practices

Table 20 summarizes the interconnection practices across the western states based on our review,
including those related to interconnection standards, customer service practices, and provisions
that provide increased cost certainty to customers.

Interconnection standards, application processing tracks, and technical screens. Although most
states have standardized interconnection practices that are used across regulated utilities, only a
few states have developed specific guidance for the interconnection of storage or PV plus
storage. In addition, most states have an expedited review process for smaller projects or those
that do not result in substantial grid impacts; however, the review requirements and size
thresholds for expedited review differ significantly from state to state. About half of the states
have specific provisions or expedited review for non-exporting systems.

Customer service practices. Most western states stipulate timelines for application review and
approval and have a dispute resolution mechanism in their interconnection standards.
Additionally, some states require application material to be accessible online. Although only
Washington explicitly requires that customers be able to submit applications online, more than
half of western utilities studied have an online portal that customers can use to submit
applications.

Cost-related provisions: A majority of states have fixed application fees for small to mid-sized
systems; for example, several states establish application fees of $100 or less for small systems.
A few states require pre-application reports to be supplied to developers upon request. In
addition, California has adopted cost envelope provisions, which require utilities to estimate
interconnection costs within a specified threshold (e.g., +/- 25%) early in the application process,
and Utah requires interconnection studies to be within 25% of study cost estimates.
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Table 20. Comparison of State Interconnection Requirements

OR
AZ CA CO ID MT NV NM UT WA WY
NM|N-NM

Interconnection Standards

Standard * ) ° ) ° ° ole ° )
PUC-approved
interconnection process

Specific treatment of ° ° ° ° °
non-exporting PV

systems

Specific guidance for ° ° °

the interconnection of
storage or PV+storage

Customer Service Provisions

Transparent queue .
mandate

Interconnection ° oo ° °
application materials

required to be available

online

Timeframes mandated ) ) ) ° ° 0 ° °
for stages in the
interconnection process

Utilities required to °
report on

interconnection timeline
performance

Dispute resolution ° ° ) ° ° ° ° °
process defined

Cost-Related Provisions

Fixed application fees ) ° ° ° oo ° °
required

Pre-application reports ° ) |o
required if requested

Cost certainty provision ) ° | o**

Common cost data °

Note: NM, net metered; N-NM, non-net metered: Oregon has distinct rules for net metered and non-net metered
systems. This table specifically references state interconnection requirements; utility practices can, and in many
cases do, exceed state mandate. *The Arizona Commission has an interconnection document that provides
guidelines for interconnection and has an open docket to develop interconnection rules. **Utah has a cost certainty
provision that only applies to studies.
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5 Summary and Conclusions

Interconnection practices have been changing rapidly in recent years in the western states and
nationally, with the increased deployment of PV and its attendant challenges. Interviews with
utilities and developers in the western states revealed that some of the most important barriers
are cost and allocation of grid upgrade costs, lack of information available on existing grid
conditions, communication, and access to information on the interconnection application status.

Costs are a key factor for interconnecting PV, particularly for large PV systems, where
distribution or substation upgrades can be a substantial percentage of project costs. For this
study, we obtained data on costs of interconnecting systems of 100 kW to 20 MW in size, to
provide some perspective on the magnitude of costs and types of upgrades that are required.
Total upgrade costs per study ranged between $23,000 to $19.7 million, with a median of
$306,000. Forty-three percent of proposed systems had no adverse impacts on grid reliability and
thus did not require upgrades or other mitigation measures. The overall number of voltage,
thermal limits, and protection impacts identified during detailed impact studies was similar
across projects.

In this analysis, we also explored interconnection practices across the western states to
understand current practices and how they vary across the West as well as to identify recent
policy changes that impact distributed PV interconnection. In recent years, states and utilities
have implemented changes to streamline review, clarify procedures, improve cost certainty, and
increase process transparency. Key findings and trends identified in our review include the
following.

Most western states have implemented expedited application processing for small PV systems
or those anticipated to have modest grid impacts, but system size thresholds and screens vary.
The review requirements and size thresholds for expedited review differ significantly from state
to state. Most states allow for simplified applications for systems 10-30kW and smaller, while
fast-track processes are often for systems 3 MW and under. About half the western states have
requirements that expedite interconnection for non-exporting systems. States vary in their
requirements for using the FERC SGIP fast-track screens, but a few technical screens are used
for fast-track review in all states with interconnection standards: 1) the 15% annual peak capacity
screen, 2) the short circuit capability screen, and 3) the service to transformer compatibility
screen. Additionally, although many states include supplemental review for projects that fail fast-
track screening, the supplemental review study process is often not clearly outlined in
interconnection standards as it is a relatively new concept.

To address cost-related challenges of interconnection, a few states have instituted policies to
provide more certainty and transparency in the interconnection process. Cost envelope
provisions are one approach used to increase certainty by requiring utilities to estimate
interconnection costs early in the application process within a threshold (e.g., +/- 25). For smaller
projects, fixed costs per customer (based on actual utility costs) have been implemented to
provide clarity on costs up-front in the process and spread the costs of upgrades across all
systems in the size class. To improve the transparency of interconnection costs, California has
required utilities to develop standard cost guides, listing costs of typical equipment or upgrades
required for interconnecting distributed generation. Other jurisdictions have required utilities to
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report cost estimates and actual interconnection costs, with requirements to explain deviations
greater than a set percentage (e.g., 20%). For PV project developers, it is important to understand
potential project costs early in the process in order to effectively evaluate the economic viability
of a project.

To provide greater information on local grid conditions, several states have required use of
pre-application reports and/or grid hosting capacity analysis. Several states require utilities to
provide pre-application reports when a developer requests them. These reports enable installers
to have a greater understanding of potential grid impacts and costs of interconnection before
embarking on the full application process. California is requiring regulated utilities to develop
publicly available capacity maps and data on the distribution grid to help guide siting decisions.
The hosting capacity analysis and maps provide information on the distribution grid conditions at
specific locations and the potential that mitigation measures might be needed for new distributed
generation capacity. Availability of site-specific grid data provides a more robust picture of
distribution grid conditions than standard screening procedures.

Only a few states have developed specific requirements for PV systems coupled with storage,
but there is increasing interest on the part of installers and utilities in exploring these issues.
With the continuing decline in costs of battery storage, utilities are starting to see an increased
number of interconnection requests for PV systems coupled with battery storage systems. There
are a variety of system configurations possible (e.g., whether one or two inverters are used) and
how the customer uses the storage (e.g., for peak shaving, reducing grid exports, or backup
power). Installations of PV coupled with storage raise new questions regarding the treatment of
exports to the utility grid.

Many larger utilities in the West interviewed for this study have already automated
interconnection processes and modified their internal operations to streamline application
reviews. These improvements have included better managing the flow of applications across
departments as well as using new software solutions (either commercially available or internally
developed) to reduce processing time. New software applications provide automated
communication at various steps in the process, greater access to data across utility departments to
facilitate reviews, and greater transparency to the customer about application status. Utilities
have found that these internal improvements have reduced the required staff needed to process
interconnection requests and have reduced processing times, while also improving the customer
experience. However, the viability of making investments in these types of upgrades can depend
on the volume of requests, size of the utility, and available resources.

With continued growth in distributed technologies, including solar PV and energy storage,
policies surrounding interconnection will remain important in the coming years. Markets are
changing rapidly, requiring responses to changing market needs. States with the most active
distributed energy resource markets have made modifications to policies and practices that may
provide useful lessons to other jurisdictions.
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