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A. Unaddressed Barriers
The project team identified a host of storage interconnection challenges that merit
solutions development, and which were beyond the time and resources available as part
of the BATRIES project. Given the volume of barriers, it’s likely that no single project would
be able to address them all in detail. The project team provides the below table in order to
facilitate future solutions development by other stakeholders.
In addition to the table, the project team briefly notes two particular storage
interconnection barriers that merit discussion but require significant further technical
research to develop. By highlighting these issues, the project team intends to tee them up
for potential future research and solutions development, such as by national laboratories
or other stakeholders. Those issues include:
● Addressing the Risks of Storage Systems Causing Flicker or Rapid Voltage
Changes
● Addressing the Impacts of Storage System Power Transitions

1. Addressing the Risks of Storage Systems Causing Flicker or
Rapid Voltage Changes
When storage systems experience major changes in their output levels, this can result in
flicker or rapid voltage changes (RVCs) on the distribution circuit. The methods for
evaluating the impacts of energy storage system power transitions are not well known or
defined, which can result in ambiguity during the interconnection process. This ambiguity
is a barrier to fair and efficient interconnection of ESS.
Flicker is a phenomenon resulting from fluctuating loads or generation resources where
voltage is impacted repetitively such that visible and irritating flickering of incandescent
lights can be perceived by the human eye. Limits on flicker emission are given in IEEE 15472018 along with assessment methods.
RVCs are a drastic change from one voltage value to another. IEEE 1547-2018 limits RVCs
to 3% of nominal voltage at medium voltage, and 5% of nominal at low voltage. IEEE 1547
clarifies that these limits are intended for frequent events, not those that occur infrequently
“such as switching, unplanned tripping, or transformer energization related to
commissioning, fault restoration, or maintenance.”
It is apparent that rapid voltage change and flicker effects are not studied in a standardized
manner across utilities. While a commonly used reference is IEEE 1453, different
assumptions may go into evaluating how many DERs undergo transition and how they
transition during different events. For instance, some hosting capacity programs or utility
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studies assume tripping of all DERs at the same time. This would fall into the non-applicable
“infrequent events” described by IEEE 1547. However, as described in section 2.2.1, the
potential for different use cases to cause large aggregate changes in ESS power needs to
be better understood to create appropriate assumptions for utility evaluations. Without
guidance on how to do so, the utility may be forced to create their own set of conservative
assumptions on how to address those issues.
As the flicker and RVC concerns are tied to power transitions in general, the Normal Ramp
Rate could have similar usefulness as described in the next section.
a. Recommendations
Some of the gaps that future research may need to address include the issues of what
flicker or RVC impacts are likely to result from different distribution- and transmission-level
use cases, and guidance on evaluations of flicker based on IEEE 1547-2018 requirements.

2. Addressing the Impacts of Storage System Power Transitions
Energy storage systems can undergo rapid changes in their charge and discharge levels,
which can result in grid impacts. There is no standardized way to characterize ESS
performance during power transitions. There is no widely accepted specific guidance that
exists on how ESS equipment should address power transitions for different use cases.
Furthermore, the methods of evaluating the impacts of energy storage system power
transitions are not well known or defined, which can result in ambiguity during the
interconnection process.
Drastic power flow changes have the potential to create rapid voltage change or flicker
effects on the distribution grid, depending on the circuit characteristics near the DER
location. The ability of (especially inverter-interfaced) ESS to change operating
characteristics rapidly creates a potential concern for distribution utilities and the desire to
investigate potential voltage effects during the interconnection evaluation. While this can
be true for ESS of any size, it is more true for larger systems or aggregations of systems
that change charge or discharge level at the same time.
Use cases for services at the Independent System Operator (ISO)/Regional Transmission
Organization (RTO) level, where DERs participate in aggregate (such as envisioned by
FERC Order 2222) may potentially have negative effects on power quality at the
distribution system level when multiple systems on a circuit respond to the same signal
with a large power change. Time-of-use billing management is another potential use case
that could cause groups of ESS in different locations on a circuit to respond similarly at the
same time, even when not managed in aggregate.
Information can be lacking or not readily available to the utility engineer for studying
voltage effects. Different manufacturers may provide different levels of information on
power transitions, as there are no test requirements defined to characterize those
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transitions. This could cause back-and-forth requests for information between the utility
and developer and/or manufacturer, possibly leading to extended time needed for utility
studies. Add to this that the utility cannot count on ESS operating in an organized fashion
to minimize their aggregate effects on the distribution system, and the utility may be forced
to take a conservative approach and assume worst-case impacts from both the individual
system as well as the aggregate. The approach taken by the utility may be driven to be
even more conservative since limited tools or guidance exist on how to evaluate ESS in
relation to these power transitions. The utility may not have enough information on how a
particular use case affects the operation of the ESS over time. Additionally, the RVC and
flicker effects are not studied in a standardized manner across utilities, so the utility may
be forced to create its own set of assumptions on how to address those issues.
One potentially useful function provided by some ESS inverters is the Normal Ramp Rate,
which was defined by California Rule 21 and Hawaii Rule 14H, with an associated
performance test in UL 1741 Supplement SA. This function is not a required capability
included in IEEE 1547-2018, so it is unclear whether or not ESS manufacturers will continue
to support it. Currently, it is only defined as limiting power ramps in the positive change
direction. ESS are capable of limiting power ramps in the negative direction as well, but no
standardized conformance test exists for the negative ramp direction. As typically
implemented, this normal ramp rate would affect all power transitions regardless of the use
case.
a. Recommendations
The UL 1741 Supplement SA should be updated to include the ability to test for limiting
power ramps in the negative direction. Some of the gaps that future research may need to
address include the issues of what distribution system impacts are likely to result from
different distribution- and transmission-level use cases, and guidance on designing ramp
rates for different use cases to avoid distribution system impacts.

Additional Storage Interconnection Issues for Future Research and Solutions Development
Storage Issues Identified
During BATRIES Scoping
Process and Not Pursued

Explanation

Interconnection Dispute
Resolution

Defining or improving the process by which utilities and
customers resolve an interconnection disagreement (e.g.,
timeline compliance or upgrade cost estimate disputes).

Timelines for Study,
Construction, and Overall
Interconnection Process

Reducing the length of time it takes to complete the
review processes and approve an interconnection
request.
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Interaction Between
Interconnection Engineering
Review and Service Requests

Streamlining the utility process for handling new service
requests and DER interconnections (e.g., single portal or
direct interaction with service planning).

Interconnection Application
Portals

Providing guidance on creating or improving utility web
portals, which allow customers to apply for
interconnection online.

Cybersecurity

Identifying ways to prevent and respond to cyber threats
that could impact the electric grid, including how to
address any risks that may arise from DERs and
aggregators.

Automation

Streamlining the interconnection process through
software automation and other solutions to improve the
customer experience and internal utility workflows.

How to Inform Safety Protocols

Ensuring that requirements for storage system
interconnection are coordinated with national standards
and provide clear guidance on safe operation of ESS on
the grid.

How to Develop Advisory
Documentation

Providing guidance on documentation of conformity from
manufacturers to ensure that it is readily available and
consistent, which can help utilities understand new
products, their capabilities, and whether or not they
comply with certain utility tariffs.

Fiscal Certainty

Establishing transparent, clearly defined utility protocols
that enable customers to understand the need for certain
interconnection studies and their associated fees.
Providing greater certainty around upgrade costs and
other fees can reduce the financial risk related to
developing a project.

Tariff Compliance

Streamlining utility review of a DER system to verify
whether or not it will operate in accordance with a
specified tariff, such as net energy metering.

Queue Withdrawal Penalties

Reviewing and providing guidance on the design and
application of queue withdrawal penalties. If a customer
decides to remove a project from the queue, they can
face steep withdrawal penalties from the utility.
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Interconnection to Networked
Distribution Systems

Providing technical guidance on interconnecting storage
and solar-plus-storage systems to networked distribution
systems. Current guidance and procedures are very
limited and apply conservative rules of thumb that may
make interconnection more costly for these systems.

Ramp Rate Limits

Providing guidance on ramp rate limits, which involves
controlling the rate of increase or decrease of power
output through predefined limits.

Defining Telemetry and
Metering Requirements for
Specific Use Cases

Defining metering and telemetry requirements for the
different configurations of storage and solar-plus-storage
systems and the diversity of use cases to avoid
redundancy and minimize costs.

Thresholds for Interconnection
Review Screens

A review of eligibility limits and screening values in light
of energy storage capabilities.

Vendor Documentation

Providing guidance on documentation from
manufacturers to ensure that it is readily available and
consistent, which can help utilities in their evaluation of
interconnection requests.

Predefined Setpoints

Definition of selectable standardized settings for energy
storage parameters.

Interoperability

Improving the capability of communicating across
different networks and between technologies that have
distinct settings.

How to Accommodate Project
Ownership Transfer

Ensuring that there is clarity in the rules to allow for DER
projects to be sold and ownership to be transferred to
another customer.

Wholesale Market Participation
Impacts on Storage
Interconnection

Determining if ESS participation in wholesale markets
through the provision of capacity, energy, or ancillary
services will impact the interconnection process for ESS
and the way those systems should be studied.

Rule Applicability

Identifying the types of regulations that can apply to all
states and utilities and the types of regulations that need
to be more state- or utility-specific.

Toolkit & Guidance for the Interconnection of Energy Storage & Solar-Plus-Storage

158

XI. Appendices

Aggregate Impacts of Islands

Evaluation of the effect of concurrent disconnection or
reconnection of multiple microgrids (intentional islands)
on the electric system.

ESS Value Stacking

Understanding the challenges of providing multiple
services to the grid to maximize ESS revenue streams.

Improving Distribution System
Planning

Identifying better grid planning and forecasting practices
to determine grid needs that can be met with DERs.

Applicability to Vehicle-to-Grid
(V2G) or Vehicle-to-Home (V2H)

Understanding how solutions that address challenges
related to stationary energy storage will impact V2G or
V2H applications.

B. Power Control Systems and the UL CRD
1. Background
In 2019, industry stakeholders, including utilities, developers, and equipment suppliers,
were convened by Underwriters Laboratories (UL) to define a control function called a
Power Control System (PCS) to provide local management of generation and storage
output power. The idea is a certified device or a built-in DER capability that can be tested,
certified, and listed. The PCS can support export limitation functionality for interconnection
and net energy metering (NEM) tariffs that exist in certain regions, as well as conductor
and bus ampacity limitations in accordance with the National Electric Code.
This task group developed definitions, test, and certification criteria for a PCS as an
extension of the UL 1741 standard. The UL process for making such additions is called a
Certification Requirement Decision (CRD). CRDs are the preliminary documents developed
through UL’s deliberative process to inform revisions to existing or future product listings.
CRDs are a primary vehicle for addressing new requirements in standards. It is expected
that the PCS tests currently found in the CRD will be incorporated directly into UL 1741,
likely before the end of 2022.

2. Test Protocol Summary
The CRD for PCS contains a number of tests for assessing a set of PCS functionalities—
including the ability to control active power export and/or import at an external reference
point (often a Point of Common Coupling, or PCC)—that have not been previously
addressed in UL 1741. While not yet part of the UL 1741 standard, the CRD document must
be utilized in order to qualify for UL product certification programs.
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Beyond serving as the test protocol for demonstrating a system’s capability to support
import and export limits under a variety of conditions, 110 the UL 1741 CRD for PCS also
recognizes the possibility of inadvertent export or import, which is power flow beyond the
specified limit that occurs for short periods of time. For instance, inadvertent export may
occur when a load drops off suddenly and there is a delay while the PCS measures the
excess power flow, sends control signals, and the inverters respond. To mitigate the
potential for disruption, it mandates that the time the PCS takes to respond to inadvertent
export, known as the open loop response time (OLRT), 111 be measured through a series of
load drops and step changes in generation. It requires that the OLRT be no greater than
30 seconds (although manufacturers can—and do—support faster response times, in some
cases to meet regulatory requirements).
No specific pass/fail criteria currently exist regarding the required temporal response of
the PCS. Until such standardized requirements are developed, the CRD enforces a
maximum OLRT of 30 seconds. As such, CRD testing procedures are generalized.
Standardized OLRTs and dedicated tests to verify PCS response times based on grid
conditions, DER size, and other factors could offer greater guidance and benefit to
manufacturers, developers, regulators, and utilities alike. Moreover, as specific utility
requirements for PCS response times are established, awareness of the response times of
other grid equipment (e.g., voltage regulator and capacitor controls which can sometimes
be configured to respond in 30 seconds or less) should be taken into account.

As part of a research project funded by the New York State Energy Research and
Development Authority (NYSERDA), 112 EPRI and partners 113 have developed draft
procedures for testing Power Control Systems for distributed energy storage. The
test protocol, which was developed with reference to the software control tests in
the UL 1741 CRD for PCS, describes different test conditions to evaluate how
accurately PCS can limit grid export and import (if that capability is available). It is
intended to help facilitate the approval of vendor systems 114 that incorporate
controls for backfeed prevention and operating limits in defined configurations.

110

Unrestricted, export only, import only mode, and no exchange operating modes may optionally be supported by the
PCS.
111
The CRD for PCS defines open loop response time as: “The duration between a control signal input step change
(reference value or system parameter) until the controlled output changes by 90% of its final change, before any
overshoot.”
112
The project, titled “Controls Testing for Behind-the-Meter Energy Storage Backfeed Prevention,” was awarded
under the NYSERDA Program Opportunity Notice (PON) 4074.
113
Project partners are New York Battery and Energy Storage Technology (NY-BEST) Consortium and DNV GL, and
included collaboration with New York utilities and equipment OEMs.
114
Such PCS systems may be made up of inverters and converters, engine generators, energy storage devices, and
other energy sources used in conjunction with or without additional external control devices and sensors.
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Applicable to different residential, commercial, industrial, and utility-scale ESS
applications, the draft test plan adds test scenarios beyond those in the CRD to
address concerns voiced by utilities in New York. It is expected to require ongoing
revisions based on lab testing and measurement results, stakeholder feedback, and
future modifications to the UL 1741 CRD for PCS. For now, the protocol is meant to
serve as a means for validating equipment that can help enable replicability and
cost-effective behind-the-meter battery installation in New York (and potentially
beyond). For more information, the test plan will be included in the following report,
which will also contain example test results: Performance Assessment of Power
Control System (PCS): Grid Export/Import Limiting from BTM DERs. EPRI, Palo Alto,
CA: 2021. 3002021688.

In addition to the OLRT, the CRD requires testing of abnormal conditions such as loss of
control circuit power, loss of control signal, and loss of signal from sensors due to open
circuit or short circuit. These conditions must be appropriately detected during both startup
and normal operation. The PCS also checks for incorrect installation at startup. Some
exceptions to these tests are provided if additional protections are put in place for the PCS.
Power must be kept at or below the set limit during any of the abnormal conditions. A
summary of the CRD is contained in Table XI.1.
Customers may not alter PCS modes after a system is commissioned. The CRD ensures
the PCS prevents any changes to operating mode configurations in the field, except at
initial commissioning.
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Table XI. 1. Summary of UL Certification Requirement Decision (CRD)

Operating Modes

Normal Operating Tests

UL CRD

Definition/Description

Notes

Evaluates the ability of a
PCS to control the current at
a remote reference point in
response to step changes in
parallel connected load

- Timed switching (on and
off) of the parallel connected
load and monitoring the time
taken to stabilize and reach
the steady state
- Generation is held constant
during each test and the
testing is repeated at various
constant input power levels

Step change in
generation test

Evaluates the ability of a
PCS to control the current at
a remote reference point in
response to step changes in
input power to the DER units

- Timed switching (on and
off) of the generation
(inverter powered DC
source) and monitoring the
time taken to reach the
steady state
- Load is held constant
during each test and the
testing is repeated at various
load levels

Unrestricted mode

The ESS may import active
power from Area EPS while
charging and may export
active power to the Area
EPS while discharging

No restrictions on energy
storage operations

Export only

ESS may export active
power to grid while
discharging but shall not
charge active power from
the Area EPS

Restriction on energy
storage charging from the
grid

Import only

The ESS may import active
power from the Area EPS for
charging purposes but shall
not export active power to
the Area EPS.

Restriction on energy
storage exporting to the grid

Step change in
load test

No exchange

The ESS shall not exchange
active power with the Area
EPS both during charging
and discharging purposes

ESS can only charge from
local sources and discharge
to support local loads
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Export limiting from
all sources

This test characterizes the
ability of the PCS to limit
exports from all sources in
response to dynamic
changes in local generation
and onsite loads

Export limiting from
ESS

This test characterizes the
ability of the PCS to limit
output of energy storage to
limit active power export at
an external reference point

Import limiting to
ESS

This test characterizes the
ability of the PCS to limit
input to energy storage to
limit active power import
from an external reference
point

Loss of
communication and
component/control
failure

The CRD verifies the
functional reliability of the
PCS, if anything abnormal
happens. At the simplest
level, a PCS should fail
gracefully, i.e., fail in a way
that minimizes grid impacts
and does not create
hazardous conditions.

Step change in load and
generation tests are
repeated PCS external
reference point is assumed
to be the Point of
Interconnection

The abnormal condition tests
include installation
miswiring, failure of sensors,
and associated control
wiring, loss of control system
power, and loss of control
signal
The CRD requires selfchecks of the system at
initial startup and
periodically thereafter

3. Example Configurations
Figure XI.1 provides an example of how a PCS could be set up to support export limiting at
a meter. This arrangement uses a current sensor (or possibly a connection to an existing
meter) to measure the current at a specified point and manages the local resources as
needed to prevent or limit energy export.
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Figure XI. 1. Local Power Control System Supporting Export Limiting (EPRI)

The system shown in Figure XI.2 is a similar example that could be used to support NEM
integrity. This arrangement measures the sum of the solar-plus-storage at the DER
subpanel. In this case, the PCS could act, for example, to ensure that the ESS charges only
from the PV system (not from the grid) by limiting the battery charge level so that the total
measured current does not become negative.
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Figure XI. 2. Local Power Control System Supporting NEM Integrity (EPRI)

C. Research Supporting Voltage Change (Inadvertent Export)
Screen Recommendation
Consideration should be given to both the voltage and thermal impacts that inadvertent
export could cause. Voltage regulator and capacitor controls are sometimes configured to
respond in 30 seconds or less, making it possible for inadvertent export to cause tap
operations that prematurely wear regulation equipment. An analysis of these impacts for
different feeder, load, and inadvertent export scenarios is covered in Chapter V.
As specific utility requirements for export-limiting temporal response time are established,
awareness of the response time of other grid equipment should be taken into
consideration. So far, modeling indicates that OLRTs of 10 seconds or less will result in
fewer interactions with line regulators on feeders. In some cases, as part of the DER
interconnection study process, it may be possible to reconfigure existing grid equipment
to align with the export-limiting response time.
Faster response of an export-limiting system also means that any voltage quality impacts
will be relatively short-term events. Change in voltage (ΔV) at medium voltage is the metric
for power quality compatibility of the DER, as seen by other customers. IEEE 1547-2018
includes a power quality limit for rapid voltage change (RVC) that is 3% at medium voltage

Toolkit & Guidance for the Interconnection of Energy Storage & Solar-Plus-Storage

165

XI. Appendices

and 5% at low voltage. These are average (Root Mean Square, or RMS) voltage change
limits averaged over one second for each change. An inadvertent export can be
characterized as two RVCs—one fast change in power at the beginning of the event
followed by a slower ramp according to the OLRT of the system.
It is expected that a simplified estimate of ΔV can be used to address inadvertent export
voltage quality concerns. This limit would apply at the PCC. To evaluate feasibility of using
the simplified estimate, typical feeder and DER scenarios from a California PUC-funded
study 115 were used. The relative size of the inadvertent export-induced voltage change at
any point of connection is based on power system strength relative to the non-exporting
DER Nameplate Rating. We assume that inadvertent export is the portion of non-exporting
rating rather than the export limit (i.e., the largest inadvertent export event would be a
change in power equal to the Nameplate Rating minus the Export Capacity).
Below are example results from a feeder designated as number 683 in the reference. In
this case, the feeder is 12 kV, of medium length including a voltage regulator, with
moderate load and X/R 116 values ranging from 13 at the substation to .65 at the end of the
line. The ΔV is calculated at every three-phase node on the feeder, and there are 548
primary nodes. For purposes of illustration, we assume a 2 MW 3-phase DER is connected
node by node and we plot the ΔV as if the DER suddenly changed its full output power
without regulator tapping. The power factor used here is unity (1.0) and three methods for
calculating voltage change, from simplified to exact, are plotted in Figure XI.3.

Figure XI. 3. Voltage Change Calculated Along a Feeder for a 2 MW Change in Export at Each PCC

115

Electric Power Research Institute, Alternatives to the 15% Rule: Final Project Summary (Dec. 1, 2015),
https://www.epri.com/research/products/3002006594. pp. 5-2 - 5-5.
116
X/R is a ratio of two electrical circuit parameters—reactance and resistance.
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Note from these results there is very little impact from the 2 MW power change for most of
the feeder (X/R > 4) while the impact is excessive near the end of the feeder (X/R <2). The
simplified estimate uses the ratio of short circuit MVA to DER MVA to estimate voltage
change. The detailed estimate (purple plot) is derived from IEEE 1453. This method and the
exact calculation (orange plot) yield nearly the same results where the simplified method
is more conservative at all primary nodes. We are focusing on the estimate (blue plot) in
this discussion because this simplified data is normally available at the time of Initial
Review, without additional engineering review. If data for the detailed estimate is available,
it will provide more accuracy.
To determine if the simplified method is good enough, we use a DER sizing algorithm
suitable to each PCC. This avoids the voltage rise issues at the end of the feeder illustrated
in Figure XI.3. DER size is limited to 4% or 1/25 of the available short circuit power at the
PCC. Applying it to this feeder yields an available capacity ranging from 6.4 MVA near the
substation to .4 MVA at the end, as shown in Figure XI.4. For a change of 3%, feeder has a
capacity of 298 kW at the end using the simplified method. Using the detailed estimate
results in 368 kW of capacity.

Figure XI. 4. Non-Exporting DER Size at Each Node Based on the PCC Short CircuitMVA/DERMVA = 25

Toolkit & Guidance for the Interconnection of Energy Storage & Solar-Plus-Storage

167

XI. Appendices

Similar results for a 4.2 kV feeder (number 888) yield a simplified capacity of 413 kW at the
end of feeder, with a detailed estimate of 574 kW.
The simplified voltage change estimate is shown for three different DER power factors in
Figure XI.5. These results indicate that the simplified estimating approach at unity power
factor will provide an effective screen to check the size of an inadvertent export relative to
grid voltage fluctuation. Using the detailed estimate will produce even less voltage change.

Figure XI. 5. Voltage Changes Assuming Nameplate Power Change at Three Power Factors

D. Modeling, Simulation, and Testing: Technical Evaluation of
Inadvertent Export—Inadvertent Export Research
1. Urban Feeder
a. Characterization of Urban Feeder
The examined 12 kV urban distribution feeder includes a load tap changer at the substation
and 1.2 Mvar 117 switched capacitor bank downstream. Further, it has a minimum and
maximum load of 0.65 MW and 3.2 MW, respectively. Figure XI.6 uses a color scale to
117

Mvar refers to megavolt-amperes (reactive).
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indicate the voltage profile of the circuit (without any solar PV or energy storage systems).
As shown, voltage is higher near the substation, and lower toward the end of the feeder.
Figure XI.7 illustrates the feeder voltage profile under simulated maximum load conditions,
with the capacitor bank on and off. As indicated by the lower voltages, the feeder requires
the switched capacitor bank to be activated to prevent undervoltage violations on the
primary and feeder lateral branches.

Figure XI. 6. Urban Feeder Voltage-Level Map

Figure XI. 7. Voltages Along the Urban Feeder With Capacitor Bank On (Left) and Off (Right)
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Hosting capacity results for the selected urban feeder were used to integrate both
centralized and distributed solar PV. Under minimum load conditions (Figure XI.8), a
maximum of 2.9 MW of exporting solar PV (450% of feeder minimum load) was introduced,
based on a hosting capacity limit triggered by primary overvoltage on phase A. Under
maximum load conditions and 2.9 MW of simulated PV (90% of feeder maximum load)
(Figure XI.9), no medium voltage or low voltage violations occurred.

Figure XI. 8. Case 2 Urban Feeder: Voltage Level Map Under Maximum Solar PV Output/Minimum Load
(Left) and RMS Maximum Voltages Along the Feeder (Right)

Figure XI. 9. Urban Feeder: Voltage Level Map Under Maximum Solar PV Output/Maximum Load (Left) and
RMS Maximum Voltages Along the Feeder (Right)
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The 2.9 MW of solar PV deployed also has a location variable effect on feeder loading
under minimum and maximum loading conditions (Figure XI.10). This is largely due to the
size and location of the loads and the distribution of solar PV deployment and its proximity
to the substation (versus the end of the feeder).

Figure XI. 10. Urban Feeder: Line Loading With Maximum Solar PV Output Under Minimum Load
Conditions (Case 2) (Left) and Maximum Load Conditions (Right)
Note: The gradient bars on the right side of each chart show the percentage of the line's current ratings.

b. Additional Case 7 Results for Urban Feeder
Figure XI.11 and Figure XI.12 illustrate the significant mitigation in maximum RMS voltage
rise associated with coincident inadvertent export in Case 7. In this case, the feeder was
at its maximum load of 3.2 MW, and exporting solar PV and export-controlled energy
storage were each set to 2.9 MW, or 5.8 MW total. Coincident inadvertent export from all
export-controlled systems was simulated at 10 seconds with an OLRT of 10 seconds (Figure
XI.11) and 30 seconds (Figure XI.12), respectively. While the maximum voltage rise is equal
in both cases, at an OLRT of 10 seconds, the voltage rise due to inadvertent export decays
much faster when compared to an OLRT of 30 seconds.
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Figure XI. 11. Case 7 Urban Feeder: Coincident Inadvertent Export Curve With 10s OLRT (Left) and Time
Series RMS Maximum Voltage Profiles (Right)

Figure XI. 12. Case 7 Urban Feeder: Coincident Inadvertent Export Curve With 30s OLRT (Left) and Time
Series RMS Maximum Voltage Profiles (Right)

c. Additional Case 8 Results for Urban Feeder
Figure XI.13 shows the aggregate of the non-coincident inadvertent export and
corresponding non-coincident RMS voltage at different locations along the feeder for Case
8 with an OLRT of 30 seconds. The same scenario but with an OLRT of 2 seconds is shown
in Figure XI.14. In both cases, the maximum RMS voltage is 105.5%. With an OLRT of 30
seconds in Figure XI.13, the capacitor bank turns off at 40 seconds when the voltage at the
end of the feeder remains above 105% for more than 30 seconds. With an OLRT of 2
seconds, the capacitor bank stays on for the duration of non-coincident export.
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Figure XI. 13. Case 8 Urban Feeder: Non-Coincident Inadvertent Export Profile With 30s OLRT (Left) and
Time Series RMS Maximum Voltage Profiles During the Same Time Period (Right)

Figure XI. 14. Case 8 Urban Feeder: Non-Coincident Inadvertent Export Profile With 2s OLRT (Left) and
Time Series RMS Maximum Voltage Profiles During the Same Time Period (Right)

Figure XI.15 shows the thermal loading with (right) and without (left) coincident inadvertent
export for Case 8, where the feeder is at its minimum load of 0.65 MW, while exporting
solar PV and export-controlled energy storage are each set to 2.9 MW, or 5.8 MW total.
With a feeder load of 0.65 MW, 2.9 MW in exporting solar PV, and no inadvertent export,
the maximum thermal loading is 35% in conductors close to the substation (left). With 100%
inadvertent export where all the non-exporting systems export simultaneously (worst-case
scenario), the maximum thermal loading is 70% in conductors close to the substation (right).
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Figure XI. 15. Case 8 Urban Feeder: Thermal Loading With 0% Inadvertent Export (Left) and 100%
Coincident Inadvertent Export (Right) for Urban Feeder
Note: The gradient bars on the right side of each chart show the percentage of the line's current ratings.

Additional scenarios in Table XI.2 were simulated to examine the impact of inadvertent
export from export-controlled storage on the urban feeder. These scenarios produced
learnings consistent with those presented in Chapter V.
Table XI. 2. Additional Simulation Scenarios for Urban Feeder

Case

OLRT

Load
(MW)
Min.=0.
65
Max.=3
.2

A1

10

0.65

1.32

1.32

2.64

103.7%

105%

103.9%

A2

30

0.65

1.32

1.32

2.64

103.7%

105%

104.0%

A3

30

0.65

2.3

2.3

4.6

104.3%

106.5%

104.8%

A4

30

0.65

2.75

2.75

5.5

104.9%

107.4%

105.4%

Exporting
Solar PV
(MW)

ExportControlled
Storage
(MW)

Steady-State Plus ShortTerm Voltage in RMS

Nameplate
DER (MW)

SteadyState
Voltage
(pu,
RMS)

Max. RMS
Rise:
Coincident

Max. RMS
Rise: 200s
Period

2. Rural Feeder
a. Characterization of Rural Feeder
The examined 12.47 kV rural distribution feeder includes a load tap changer at the
substation, three fixed capacitor banks (totaling 1220 kvar), and eight line voltage
regulators (delays = 30, 31, 32, 33, 34, 35, 36, and 37 seconds). The maximum allowable
load on the feeder is 11.17 MW, while the minimum load is 5.95 MW. Figure XI.16 (left) uses
a color scale to indicate the voltage profile of the circuit at minimum load and without
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exporting solar PV systems. At right, feeder voltages are shown from the substation to the
end of the feeder under simulated minimum load conditions.
The feeder hosting capacity limit is 8.9 MW, limited by the 105% primary overvoltage limit
that is reached under certain tap configurations. The location of 8.95 MW of exportenabled PV systems distributed throughout the feeder is shown in Figure XI.17 (left) with
the feeder voltage profile at right. The associated transformer tap positions are illustrated
in Table XI.3. Meanwhile, the thermal loading under a maximum solar PV output of 8.95
MW and minimum load of 5.95 MW is shown in Figure XI.18.

Figure XI. 16. Rural Feeder Voltage Profile

Figure XI. 17. Rural Feeder: Voltage Level Map Under Maximum Solar PV Output/Minimum Load (Left) and
RMS Maximum Voltages Along the Feeder (Right)
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Table XI. 3. Rural Feeder: Transformer Tap Positions
Transformer Name

Tap

Position

Substation LTC

1.01250

1

LVR1

1.00625

1

LVR2

1.01250

2

LVR3

1.01875

3

LVR4

1.02500

4

LVR5

1.00625

2

LVR6

1.01250

2

LVR7

1.00625

2

LVR8

1.00938

3

Figure XI. 18. Rural Feeder: Line Loading With Maximum Solar PV Output Under Minimum Load Conditions
Note: The gradient bar on the right side of the figure shows the percentage of the line's current ratings.

The aggregate inadvertent export curves used for the “rapid fire” scenario are shown in
Figure XI.19.
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Figure XI. 19. Rural Feeder: “Rapid Fire” Inadvertent Export Profile With 10s OLRT (Left) and 30s OLRT
(Right)

b. Additional Case 5 Results for Rural Feeder
Figure XI.20 shows the maximum thermal loading in the “rapid fire” scenario for Case 5,
where the feeder load is minimum at 5.92 MW, exported-controlled storage is at 5.92 MW,
and exporting solar PV is at 5.22 MW. At 25 seconds, the total inadvertent export is at its
maximum (right) resulting in a maximum line loading of around 90% for brief duration (left).

Figure XI. 20. Case 5 Rural Feeder: Line Loading at t=25s With 30s OLRT (Left) and Inadvertent Export
Profile (Right)
Note: The gradient bar on the right side of the left figure shows the percentage of the line's current
ratings.
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Additional scenarios in Table XI.4 were simulated to examine the impact of inadvertent
export from export-controlled storage on the rural feeder. These scenarios produced
learnings that are consistent with those presented in Chapter V.
Table XI. 4. Additional Simulation Scenarios for Rural Feeder

Cases

A1
A2
A3
A4
A5
A6

OLRT

30s
10s
30s
10s
30s
10s

Min.
Load
(MW)

Exporting
Solar PV
(MW)

ExportControlled
Storage
(MW)

Nameplate
DER (MW)

Steady-State
Voltage Rise
(pu, RMS)

5.92
5.92
5.92
5.92
5.92
5.92

5.92
5.92
5.92
5.92
1.56
1.67

0.27
0.9
0.932
0.97
1.56
1.67

6.19
6.82
6.852
6.89
3.12
3.34

104.4%
104.4%
104.4%
104.4%
103.9%
104%

Steady-State Plus
Short-term
Voltage in RMS
Max RMS Rise:
60s Period
104.7%
105.7%
105.8%
105.8%
105.8%
106.3%

The initial transformer tap positions used in Cases 1 through 6, and A1 through A6 are
presented in Table XI.5.
Table XI. 5. Initial Transformer Tap Positions
Transformer Name

Tap

Position

Substation LTC

1.01250

1

LVR1

0.98750

-2

LVR2

1.00625

1

LVR3

0.99375

-1

LVR4

1.01250

2

LVR5

1.01875

6

LVR6

0.99375

-1

LVR7

1.02187

7

LVR8

1.02500

8

E. Recommended Procedure Language
This appendix compiles recommended model language revisions discussed in the Toolkit.
The captured language is based on FERC SGIP, but states should easily be able to
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incorporate any changes into their own interconnection rules—whether they are based on
FERC SGIP, IREC’s 2019 Model Rules, or any other model language. Language and screens
that are not modified are not shown.
I.

Definition Section: The project team recommends inclusion of the following
definitions for terms which are necessary to clearly address review of exportcontrolled systems.

Applicability
and
Definitions
of DER,
Generating
Facility, and
ESS

● Energy Storage System or ESS means a mechanical,
electrical, or electrochemical means to store and
release electrical energy, and its associated
interconnection and control equipment. For the
purposes of these Interconnection Procedures, an
Energy Storage System can be considered part of a
DER or a DER in whole that operates in parallel with
the distribution system.
● Distributed Energy Resource or DER means the
equipment used by an interconnection customer to
generate and/or store electricity that operates in
parallel with the electric distribution system. A DER may
include but is not limited to an electric generator
and/or Energy Storage System, a prime mover, or
combination of technologies with the capability of
injecting power and energy into the electric distribution
system, which also includes the interconnection
equipment required to safely interconnect the facility
with the distribution system.

Definition of
PCS and
Related
Terms

● Non-Export or Non-Exporting means when the DER is
sized and designed, and operated using any of the
methods in Section 4.10, such that the output is used
for Host Load only and no electrical energy (except for
any Inadvertent Export) is transferred from the DER to
the Distribution System.
● Limited Export means the exporting capability of a
DER whose Generating Capacity is limited by the use
of any configuration or operating mode described in
Section 4.10.
● Power Control System or PCS means systems or
devices which electronically limit or control steady
state currents to a programmable limit.
● Host Load means electrical power, less the DER
auxiliary load, consumed by the Customer at the
location where the DER is connected.
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● Inadvertent Export means the unscheduled export of
active power from a DER, exceeding 118 a specified
magnitude and for a limited duration, generally due to
fluctuations in load-following behavior.

118

Definition of
Nameplate
Rating and
Export
Capacity

● Export Capacity means the amount of power that can
be transferred from the DER to the Distribution System.
Export Capacity is either the Nameplate Rating, or a
lower amount if limited using an acceptable means
identified in Section 4.10.
● Nameplate Rating means the sum total of maximum
rated power output of all of a DER’s constituent
generating units and/or ESS as identified on the
manufacturer nameplate, regardless of whether it is
limited by any approved means.

Definitions
of Operating
Profile and
Operating
Schedule

● Operating Profile means the manner in which the
distributed energy resource is designed to be
operated, based on the generating prime mover and
operational characteristics. The Operating Profile
includes any limitations set on power imported or
exported at the Point of Interconnection and the
resource characteristics, e.g., solar output profile.
● Operating Schedule means the time of year, time of
month, and hours of the day designated in the
Interconnection Application for the import or export of
power

IEEE P1547.9 uses “beyond” rather than “exceeding.”
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II.

Reference Point of Applicability (RPA): The project team recommends that
review of RPA designation is clearly defined in the rule as guided by IEEE
1547-2018. SGIP is used as the reference model and the changes to SGIP are
shown in legal blackline, but these changes should be relatively easy to
translate to most state interconnection procedures.

2.2 (New)

Reference Point of Applicability Review
The following process will occur concurrently with the Initial
Review process in section 2.3. Within five Business Days after
the Distribution Provider 119 notifies the Interconnection
Customer that the Interconnection Request is complete, the
Distribution Provider shall review the Reference Point of
Applicability denoted by the Interconnection Customer and
determine if it is appropriate.
2.2.1 If it is determined that the Reference Point of Applicability
is appropriate the Distribution Provider will notify the
Interconnection Customer when it provides Initial Review
results and proceed according to sections 2.3.2 to 2.3.4
below.
2.2.2 If the Distribution Provider determines the Reference
Point of Applicability is inappropriate, the Distribution Provider
will notify the Interconnection Customer in writing, including an
explanation as to why it requires correction. The
Interconnection Customer shall resubmit the Interconnection
Request with the corrected Reference Point of Applicability
within five Business Days. During this time the Distribution
Provider will proceed with Initial Review in 2.3. The
Distribution Provider shall review the revised Interconnection
Request within five Business Days to determine if the revised
Reference Point of Applicability has been appropriately
denoted. If correct, the Distribution Provider will proceed
according to sections 2.3.2 to 2.3.4. If the Interconnection
Customer does not provide the appropriate Reference Point of
Applicability or a request for an extension of time within the
deadline, the Interconnection Request will be deemed
withdrawn.

119

SGIP includes the term “Transmission Provider” in place of “Distribution Provider” in its model interconnection
procedure language because it was adopted as a pro forma for transmission providers under FERC jurisdiction.
However, states typically change it to “Distribution Provider” or another term when applicable.
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[Note: Initial Review is renumbered to 2.3]
3.2.2

The purpose of the scoping meeting is to discuss the
Interconnection Request, the Reference Point of Applicability,
and review existing studies relevant to the Interconnection
Request.

Attachment
A to
Attachments
6&7
(Feasibility
and System
Impact
Study
Agreement)

The feasibility study will be based upon the information set
forth in the Interconnection Request and agreed upon in the
scoping meeting held on _____________________:
1) Designation of Point of Interconnection and configuration to
be studied.
2) Designation of alternative Points of Interconnection and
configuration.
3) Designation of the Reference Point of Applicability location,
including the location for the detection of abnormal voltage,
faults and open-phase conditions.
1) and through 23) are to be completed by the Interconnection
Customer. Other assumptions (listed below) are to be
provided by the Interconnection Customer and the Distribution
Provider.
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III.

Export Control Section: The project team recommends adoption of the
following section to clearly define acceptable means of export controls. The
section numbers are provided in the format of the FERC SGIP, but can be
altered according to state specific preferences. Note that the items listed
below with device numbers are commonly referred to as relays.

4.10

Export Controls

4.10.2

If a DER uses any configuration or operating mode in
subsection 4.10.4) to limit the export of electrical power
across the Point of Interconnection, then the Export
Capacity shall be only the amount capable of being
exported (not including any Inadvertent Export). To
prevent impacts on system safety and reliability, any
Inadvertent Export from a DER must comply with the
limits identified in this Section. The Export Capacity
specified by the interconnection customer in the
application will subsequently be included as a limitation
in the interconnection agreement.

4.10.3

An Application proposing to use a configuration or
operating mode to limit the export of electrical power
across the Point of Interconnection shall include
proposed control and/or protection settings.

4.10.4

Acceptable Export Control Methods
4.10.4.1

Export Control Methods for Non-Exporting DER

4.10.4.1.1

Reverse Power Protection (Device 32R)
To limit export of power across the Point of
Interconnection, a reverse power protective function is
implemented using a utility grade protective relay. The
default setting for this protective function shall be 0.1%
(export) of the service transformer's nominal base
Nameplate Rating, with a maximum 2.0 second time
delay to limit Inadvertent Export.

4.10.4.1.2

Minimum Power Protection (Device 32F)
To limit export of power across the Point of
Interconnection, a minimum import protective function is
implemented utilizing a utility grade protective relay. The
default setting for this protective function shall be 5%
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(import) of the DER’s total Nameplate Rating, with a
maximum 2.0 second time delay to limit Inadvertent
Export.
Relative Distributed Energy Resource Rating
This option requires the DER's Nameplate Rating to be
so small in comparison to its host facility's minimum load
that the use of additional protective functions is not
required to ensure that power will not be exported to the
electric distribution system. This option requires the
DER's Nameplate Rating to be no greater than 50% of
the interconnection customer's verifiable minimum host
load during relevant hours over the past 12 months. This
option is not available for interconnections to area
networks or spot networks.
4.10.4.2

Export Control Methods for Limited Export DER

4.10.4.2.1

Directional Power Protection (Device 32)
To limit export of power across the Point of
Interconnection, a directional power protective function
is implemented using a utility grade protective relay. The
default setting for this protective function shall be the
Export Capacity value, with a maximum 2.0 second time
delay to limit Inadvertent Export.

4.10.4.2.2

Configured Power Rating
A reduced output power rating utilizing the power rating
configuration setting may be used to ensure the DER
does not generate power beyond a certain value lower
than the Nameplate Rating. The configuration setting
corresponds to the active or apparent power ratings in
Table 28 of IEEE Std 1547-2018, as described in
subclause 10.4. A local DER communication interface is
not required to utilize the configuration setting as long as
it can be set by other means. The reduced power rating
may be indicated by means of a Nameplate Rating
replacement, a supplemental adhesive Nameplate
Rating tag to indicate the reduced Nameplate Rating, or
a signed attestation from the customer confirming the
reduced capacity.
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4.10.4.3

Export Control Methods for Non-Exporting DER or
Limited Export DER

4.10.4.3.1

Certified Power Control Systems
DER may use certified power control systems to limit
export. DER utilizing this option must use a power control
system and inverter certified per UL 1741 by a nationally
recognized testing laboratory (NRTL) with a maximum
open loop response time of no more than 30 seconds to
limit Inadvertent Export. NRTL testing to the UL Power
Control System Certification Requirement Decision shall
be accepted until similar test procedures for power
control systems are included in a standard. This option is
not available for interconnections to area networks or
spot networks.

4.10.4.3.2

Agreed-Upon Means
DER may be designed with other control systems and/or
protective functions to limit export and Inadvertent
Export if mutual agreement is reached with the
Distribution Provider. The limits may be based on
technical limitations of the interconnection customer's
equipment or the electric distribution system equipment.
To ensure Inadvertent Export remains within mutually
agreed-upon limits, the interconnection customer may
use an uncertified power control system, an internal
transfer relay, energy management system, or other
customer facility hardware or software if approved by the
Distribution Provider.
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IV.

Eligibility and Screens: The project team recommends the following revisions
and additions to the standard SGIP screens. SGIP is used as the reference
model and the changes to SGIP are shown in legal blackline, but these
changes should be relatively easy to translate to most state interconnection
procedures.

Simplified/
Expedited/
Level 1

Eligibility for Simplified/Expedited/Level 1 Screening Process

2.1

Applicability

For simplified/expedited/Level 1 processes, allow projects with a
Nameplate Rating of up to 50 kW and an Export Capacity of up
to 25 kW.

The Fast Track Process is available to an Interconnection
Customer proposing to interconnect its DER Small Generating
Facility with the Transmission Provider's Distribution System if
the DER Small Generating Facility’s Export cCapacity does not
exceed the size limits identified in the table below. Small
Generating Facilities below these limits are eligible for Fast
Track review. However, Fast Track eligibility is distinct from
the Fast Track Process itself, and eligibility does not imply or
indicate that a Small Generating Facility DER will pass the Fast
Track screens in section 2.2.1 below or the Supplemental
Review screens in section 2.4.4 below.
Fast Track eligibility is determined based upon the generator
DER type, the Export Capacity size of the generator DER,
voltage of the line and the location of and the type of line at
the Point of Interconnection. All Small Generating Facilities
DER connecting to lines greater than 69 kilovolts (kV) are
ineligible for the Fast Track Process regardless of Export
Capacity size. All synchronous and induction machines must
have an Export Capacity of be no larger than 2 MW or less to
be eligible for the Fast Track Process, regardless of location.
For certified inverter-based systems, the size limit varies
according to the voltage of the line at the proposed Point of
Interconnection. Certified inverter-based Small Generating
Facilities DER located within 2.5 electrical circuit miles of a
substation and on a mainline (as defined in the table below)
are eligible for the Fast Track Process under the higher
thresholds according to the table below. In addition to the
size threshold, the Interconnection Customer's proposed DER
Small Generating Facility must meet the codes, standards,
and certification requirements of Attachments 3 and 4 of
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these procedures, or the Transmission Distribution Provider
has to have reviewed the design or tested the proposed DER
Small Generating Facility and be is satisfied that it is safe to
operate.
Fast Track Eligibility for Inverter-Based Systems
Line Voltage

Export Capacity of DER
Eligible for Fast Track
Eligibility Regardless of
Location

Export Capacity of DER Eligible
for Fast Track Eligibility on a
Mainline and ≤ 2.5 Electrical
Circuit Miles from Substation

< 5 kV

≤ 500 kW

≤ 500 kW

≤ 5 kV and < 15 kV

≤ 2 MW

≤ 3 MW

≤ 15 kV and < 30 kV

≤ 3 MW

≤ 4 MW

≤ 30 kV and ≤ 69 kV

≤ 4 MW

≤ 5 MW

2.2.1.2

For interconnection of a proposed DER Small Generating
Facility to a radial distribution circuit, the aggregated Export
Capacity generation, including the proposed DER Small
Generating Facility, on the circuit shall not exceed 15 % of the
line section annual peak load as most recently measured at the
substation. A line section is that portion of a Transmission
Distribution Provider’s electric system connected to a customer
bounded by automatic sectionalizing devices or the end of the
distribution line.

2.2.1.3

For interconnection of a proposed DER that can introduce
Inadvertent Export, where the Nameplate Rating minus the
Export Capacity is greater than 250 kW, the following
Inadvertent Export screen is required. With a power change
equal to the Nameplate Rating minus the Export Capacity, the
change in voltage at the point on the medium voltage (primary)
level nearest the Point of Interconnection does not exceed
3%. Voltage change will be estimated applying the following
formula:
Formula

(RSOURCE × ∆𝑷𝑷) – (XSOURCE × ∆𝑸𝑸)
V2
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Where:

∆𝑷𝑷 = (DER apparent power Nameplate Rating – Export Capacity) × PF,
∆𝑸𝑸 = (DER apparent power Nameplate Rating – Export Capacity) × �(𝟏𝟏 − 𝑷𝑷𝑷𝑷𝟐𝟐 ),
RSOURCE is the grid resistance, XSOURCE is the grid reactance,
V is the grid voltage, PF is the power factor

2.2.1.34

For interconnection of a proposed DER Small Generating Facility
to the load side of spot network protectors, the proposed DER
Small Generating Facility must utilize an inverter-based
equipment package and, the proposed DER’s Nameplate Rating,
together with the aggregated Nameplate Rating of other inverterbased generation, shall not exceed the smaller of 5 % of a spot
network's maximum load or 50 kW. 120

2.2.1.45

The fault current of the proposed DER Small Generating Facility,
in aggregation with the fault current of other DER generation on
the distribution circuit, shall not contribute more than 10 % to the
distribution circuit's maximum fault current at the point on the
high voltage (primary) level nearest the proposed point of change
of ownership.

2.2.1.56

The fault current of the proposed DER Small Generating Facility,
in aggregate with fault current of other generation DER on the
distribution circuit, shall not cause any distribution protective
devices and equipment (including, but not limited to, substation
breakers, fuse cutouts, and line reclosers), or Interconnection
Customer equipment on the system to exceed 87.5 % of the short
circuit interrupting capability; nor shall the interconnection be
proposed for a circuit that already exceeds 87.5 % of the short
circuit interrupting capability.

2.2.1.78

If the proposed DER Small Generating Facility is to be interconnected
on a single-phase shared secondary, the aggregate Export Capacity
generation capacity on the shared secondary, including the
proposed DER Small Generating Facility, shall not exceed:
▪ Some states use “20 kW”
▪ Some states use “65 % of the transformer nameplate
power rating.”

120
A spot network is a type of distribution system found within modern commercial buildings to provide high reliability
of service to a single customer. (Standard Handbook for Electrical Engineers, 11th edition, Donald Fink, McGraw Hill
Book Company)
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2.2.1.910

The Nameplate Rating of the DER Small Generating Facility, in
aggregate with the Nameplate Rating of other generation DER
interconnected to the distributiontransmission side of a
substation transformer feeding the circuit where the Small
Generating Facility DER proposes to interconnect shall not
exceed 10 MW in an area where there are known, or posted,
transient stability limitations to generating units located in the
general electrical vicinity (e.g., three or four transmission busses
from the Point of Interconnection).
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V.

Supplemental Review Screens: The project team recommends the following
revisions and additions to the standard SGIP screens. SGIP is used as the
reference model and the changes to SGIP are shown in legal blackline, but
these changes should be relatively easy to translate to most state
interconnection procedures.

2.4

Supplemental Review

2.4.4.1

Minimum Load Screen
Where 12 months of line section minimum load data (including
onsite load but not station service load served by the proposed
DER Small Generating Facility) are available, can be calculated,
can be estimated from existing data, or determined from a power
flow model, the aggregate Export Capacity Generating Facility
capacity on the line section is less than 100% of the minimum load
for all line sections bounded by automatic sectionalizing devices
upstream of the proposed DER Small Generating Facility. If
minimum load data is not available, or cannot be calculated,
estimated or determined, the Transmission Distribution Provider
shall include the reason(s) that it is unable to calculate, estimate or
determine minimum load in its supplemental review results
notification under section 2.4.4.
2.4.4.1.1

2.4.4.1.2

2.4.4.1.3

The type of generation used by the proposed Small
Generating Facility DER will be taken into account
when calculating, estimating, or determining circuit
or line section minimum load relevant for the
application of screen 2.4.4.1. Solar photovoltaic (PV)
generation systems with no battery storage use
daytime minimum load (i.e. 10 a.m. to 4 p.m. for
fixed panel systems and 8 a.m. to 6 p.m. for PV
systems utilizing tracking systems), while all other
generation uses absolute minimum load.
When this screen is being applied to a Small
Generating Facility DER that serves some station
service load, only the net injection into the
Transmission Provider’s electric system will be
considered as part of the aggregate generation.
Transmission Distribution Provider will not consider
as part of the aggregate Export Capacity
generation for purposes of this screen generating
facility capacity DER Export Capacity known to be
already reflected in the minimum load data.
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2.4.4.2

Voltage and Power Quality Screen
In aggregate with existing generation on the line section: (1) the
voltage regulation on the line section can be maintained in
compliance with relevant requirements under all system conditions;
(2) the voltage fluctuation is within acceptable limits as defined by
Institute of Electrical and Electronics Engineers (IEEE) Standard
1453, or utility practice similar to IEEE Standard 1453; and (3) the
harmonic levels meet IEEE Standard 519 limits. If the DER limits
export pursuant to Section 4.10, the Export Capacity must be
included in any analysis including power flow simulations.

2.4.4.3

Safety and Reliability Screen
The location of the proposed Small Generating Facility DER and
the aggregate Export Capacity generation capacity on the line
section do not create impacts to safety or reliability that cannot
be adequately addressed without application of the Study
Process. If the DER limits export pursuant to Section 4.10, the
Export Capacity must be included in any analysis including
power flow simulations, except when assessing fault current
contribution. To assess fault current contribution, the analysis
must use the rated fault current; for example, the Customer may
provide manufacturer test data (pursuant to the fault current test
described in IEEE 1547.1-2020 clause 5.18) showing that the fault
current is independent of the Nameplate Rating. The
Transmission Distribution Provider shall give due consideration to
the following and other factors in determining potential impacts
to safety and reliability in applying this screen.
2.4.4.3.1

2.4.4.3.2
2.4.4.3.3

2.4.4.3.4

Whether the line section has significant minimum
loading levels dominated by a small number of
customers (e.g., several large commercial
customers).
Whether the loading along the line section is
uniform or even.
Whether the proposed Small Generating Facility
DER is located in close proximity to the substation
(i.e., less than 2.5 electrical circuit miles), and
whether the line section from the substation to the
Point of Interconnection is a Mainline rated for
normal and emergency ampacity.
Whether the proposed DER Small Generating
Facility incorporates a time delay function to
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2.4.4.3.5

2.4.4.3.6

prevent reconnection of the generator to the
system until system voltage and frequency are
within normal limits for a prescribed time.
Whether operational flexibility is reduced by the
proposed DER Small Generating Facility, such that
transfer of the line section(s) of the DER Small
Generating Facility to a neighboring distribution
circuit/substation may trigger overloads or voltage
issues.
Whether the proposed DER Small Generating
Facility employs equipment or systems certified by
a recognized standards organization to address
technical issues such as, but not limited to,
islanding, reverse power flow, or voltage quality.
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VI.

3.4.1

System Impact Study: The project team recommends the following revisions
and additions to the standard SGIP full study. SGIP is used as the reference
model and the changes to SGIP are shown in legal blackline, but these
changes should be relatively easy to translate to most state interconnection
procedures.
System Impact Study
A system impact study shall identify and detail the electric system
impacts that would result if the proposed Small Generating Facility
DER were interconnected without project modifications or electric
system modifications, focusing on the adverse system impacts
identified in the feasibility study, or to study potential impacts,
including but not limited to those identified in the scoping meeting.
A system impact study shall evaluate the impact of the proposed
interconnection on the reliability of the electric system.
The system impact study must take into account the proposed
DER's design and operating characteristics, including but not
limited to the applicant's proposed Operating Profile (where
verifiable), and study the project according to how the project is
proposed to be operated. If the DER limits export pursuant to
Section 4.10, the system impact study must use Export Capacity
instead of the Nameplate Rating, except when assessing fault
current contribution. To assess fault current contribution, the
system impact study must use the rated fault current; for example,
the Customer may provide manufacturer test data (pursuant the
fault current test described in IEEE 1547.1-2020 clause 5.18)
showing that the fault current is independent of the Nameplate
Rating.

5.0

System Impact Study Agreement
A system impact study shall consist of a short circuit analysis, a
stability analysis, a power flow analysis, voltage drop and flicker
studies, protection and set point coordination studies, and
grounding reviews, as necessary. A system impact study shall
state the assumptions upon which it is based, state the results of
the analyses, and provide the requirement or potential
impediments to providing the requested interconnection service,
including a preliminary indication of the cost and length of time
that would be necessary to correct any problems identified in
those analyses and implement the interconnection. The system
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impact study shall take into account the proposed DER's design
and operating characteristics, including but not limited to the
applicant's proposed Operating Profile (where verifiable), and
study the project according to how the project is proposed to be
operated. If the DER limits export pursuant to Section 4.10, the
system impact study shall use Export Capacity instead of the
Nameplate Rating, except when assessing fault current
contribution. To assess fault current contribution, the system
impact study shall use the rated fault current; for example, the
Customer may provide manufacturer test data (pursuant the fault
current test described in IEEE 1547.1-2020 clause 5.18) showing
that the fault current is independent of the Nameplate Rating. A
system impact study shall provide a list of facilities that are
required as a result of the Interconnection Request and nonbinding good faith estimates of cost responsibility and time to
construct.
4.0

Feasibility Study Agreement
The feasibility study shall be based on the technical information
provided by the Interconnection Customer in the Interconnection
Request, including the proposed DER's design characteristics,
operating characteristics, and Operating Profile (where verifiable),
as may be modified as the result of the scoping meeting. If the
DER limits export pursuant to Section 4.10, the feasibility study
must use Export Capacity instead of the Nameplate Rating, except
when assessing fault current contribution. To assess fault current
contribution, the system impact study must use the rated fault
current; for example, the Customer may provide manufacturer test
data (pursuant the fault current test described in IEEE 1547.1-2020
clause 5.18) showing that the fault current is independent of the
Nameplate Rating. The Transmission Distribution Provider
reserves the right to request additional technical information from
the Interconnection Customer as may reasonably become
necessary consistent with Good Utility Practice during the course
of the feasibility study and as designated in accordance with the
standard Small Generator Interconnection Procedures. If the
Interconnection Customer modifies its Interconnection Request,
the time to complete the feasibility study may be extended by
agreement of the Parties.
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VII.

2.2

Provision of useful information with screen results and allowance of design
changes: The project team recommends adding the following language to
interconnection procedures to specify the information that should be
provided to customers regarding initial review or supplemental review. SGIP
is used as the reference model and the changes to SGIP are shown in legal
blackline, but these changes should be relatively easy to translate to most
state interconnection procedures. Additionally, a provision to allow for onetime modification within system impact study is recommended.
Initial Review
Within 15 Business Days after the Distribution Provider notifies the
Interconnection Customer it has received a complete
Interconnection Request, the Distribution Provider shall perform an
initial review using the screens set forth below, shall notify the
Interconnection Customer of the results, and include with the
notification copies of the analysis and data underlying the
Distribution Provider's determinations under the screens. If one or
more screens are not passed, the Distribution Provider shall
provide, in writing, the specific screens that the Interconnection
Request failed, including the technical reason for failure. The
Distribution Provider shall provide information and detail about
the specific system threshold or limitation causing the
Interconnection Request to fail the screen.

2.4.5

If the proposed interconnection passes the supplemental screens in
sections 2.4.4.1, 2.4.4.2, and 2.4.4.3 above, the Interconnection
Request shall be approved and the TransmissionDistribution
Provider will provide the Interconnection Customer with an
executable interconnection agreement within the timeframes
established in sections 2.4.5.1 and 2.4.5.2 below. If the proposed
interconnection fails any of the supplemental review screens the
Distribution Provider shall specify which screens the application
failed, including the technical reason for failure, and the data and the
analysis supporting the supplemental review. The Distribution
Provider shall provide information and detail about the specific
system threshold or limitation causing the Interconnection Request to
fail the screen. If the Interconnection Customer chooses to amend
the Interconnection Request to address the specific failed screens,
the Interconnection Customer must submit an updated
Interconnection Request demonstrating the redesign within ten
Business Days after receiving the screen results. The redesign shall
only include changes to address the screen failures or identified
upgrades (which could include, for example, the addition of DC-

Toolkit & Guidance for the Interconnection of Energy Storage & Solar-Plus-Storage

195

XI. Appendices

coupled or AC-coupled energy storage). Increases in Export
Capacity or changes in Point of Interconnection are not permitted
and shall require the Interconnection Request to be withdrawn and
resubmitted. The Distribution Provider will evaluate whether the
redesign addresses the screen failure and notify the Interconnection
Customer of the results of this evaluation within ten Business Days.
This redesign option to mitigate impacts shall only be available one
time during the Supplemental Review process. If and the
Interconnection Customer does not amend or withdraw its
Interconnection Request, it shall continue to be evaluated under the
section 3 Study Process consistent with section 2.4.5.3 below.
3.4.10
(New)

A one-time modification of the Interconnection Request is allowed
as a result of information from the system impact study report. If
the Interconnection Customer chooses to amend the
Interconnection Request to address the specific system impacts,
the Interconnection Customer must submit an updated
Interconnection Request demonstrating the redesign within fifteen
Business Days after receiving the system impact study results
from the Distribution Provider under section 3.5.1. The redesign
shall only include changes designed to address the specific
system impacts or identified upgrades (which could include, for
example, the addition of DC-coupled or AC-coupled energy
storage). This redesign option to mitigate impacts shall only be
available one time during the Study Process. Increases in Export
Capacity or changes in Point of Interconnection are not permitted
and shall require the Interconnection Request to be withdrawn
and resubmitted.
The Distribution Provider shall notify the Interconnecting Customer
within ten Business Days of receipt of the modified Interconnection
Request if any additional information is needed. If additional
information is needed or document corrections are required, the
Interconnection Customer shall provide the required information or
corrections within ten Business Days from receipt of the Distribution
Provider notice.
The actual costs to Distribution Provider for any necessary restudies
as a result of a modification described above shall be paid by the
Interconnection Customer. Such restudies should be limited to the
impacts of the modification and shall be billed to the Interconnection
Customer at cost and not for work previously completed. The
Distribution Provider shall use reasonable efforts to limit the scope of
such restudies to what is necessary. The revised impact study shall
be completed within fifteen business days.
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F. Recommended Language to Use in Interconnection Application
Forms
This appendix compiles recommended model language revisions discussed in the Toolkit.
States should easily be able to incorporate this language into their own applications forms
(or portals used by utilities).

VIII.

UL 1741 and PCS related: The project team recommends the application
forms ask whether or not a PCS is included in the DER system design. Note
the blank __ section is a fill in response from the applicant.

Does the DER include a Power Control System? [yes / no]
(If yes, indicate the Power Control System equipment and connections on the
one-line diagram)
What is the PCS maximum open loop response time? _____
What is the PCS average open loop response time? _____
When grid-connected, will the PCS employ any of the following? [Select all that
apply]
 Unrestricted mode
 Export only mode
 Import only mode
 No exchange mode
 Export limiting from all sources
 Export limiting from ESS
 Import limiting to ESS
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IX.

IEEE 1547-2018 related: The project team recommends application forms use
the language below to streamline the review of IEEE 1547-2018 capabilities
(such as RPA designation, execution of mode of parameter changes,
prioritization of DER response).

Where is the desired RPA location? [Check one]
 PoC
 PCC
 Another point between PoC and PCC (must be denoted in the oneline diagram)
 Different RPAs for different DER units (must be denoted in the oneline diagram)
Is the RPA location the same as above for detection of abnormal voltage, faults
and open-phase conditions?
 Yes
 No (detection location must be denoted in the one-line diagram)
Why does this DER fit the chosen RPA? [Check all that apply]
 Zero-sequence continuity between PCC and PoC is maintained
 The DER aggregate Nameplate Rating is less than 500 kVA
 Annual average load demand is greater than 10% of the aggregate
DER Nameplate Rating, and it is not capable of, or is prevented
from, exporting more than 500 kVA for longer than 30 seconds.
Does the DER utilize export limiting for the Limit Maximum Active Power function
(Yes/No)
Which equipment(s) achieves this functionality?
Is the equipment certified for export limiting (PCS, or “plant controller” via 1547.1
test 5.13)?
In addition to grid-connected mode, will the DER operate as an intentional local
EPS island (also known as “microgrid” or “standby mode”)?
When grid-connected, does the DER employ any of the following? [Select all that
apply]
 Scheduled Operation
 Export limiting or control
Does the export limiting method limit on the basis of kVA or
kW?
 Import limiting or control
Does the import limiting method limit on the basis of kVA or
kW?
 Active or reactive power functions not specified in IEEE 1547 (such
as the Set Active Power function)
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Is the DER, or part of the DER, designated as emergency, legally required, or
critical facility backup power? [yes / no]
(If yes, denote the emergency generators and applicable portions of the DER in
the submitted one-line diagram)
How is the voltage-active power function implemented? [Check one]
 All DER units follow the same functional settings (same per-unit
curve regardless of individual unit Nameplate Rating)
 Different DER units follow different functional settings (different perunit curves for individual unit Nameplate Ratings)
Denote in one-line diagram the voltage-active power settings
of each DER unit
 A plant controller or other supplemental DER device manages
output of the entire system (one per-unit curve based on total
system Nameplate Rating)
If selected, is the managing device certified for the voltageactive power function? [yes / no]
 Export limit is utilized (power control system manages export based
on total system Nameplate Rating)
If selected, is the managing device certified for the voltageactive power function? [yes / no]
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