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Executive Summary

The Northeast Power Coordinating Council, Inc. (NPCC) is responsible for promoting and enhancing the
reliability of the international, interconnected Bulk Power System in Northeastern North America.
As Distributed Energy Resources (DER), installed on the distribution system, continue to replace
traditional industry generation resources, this transformation will impact the reliability and resilience of
the Bulk Electric System (BES). Historically, the North American Electric Reliability Corporation (NERC)
Reliability Standards have not been applicable to equipment on distribution systems unless such
equipment has a direct impact on the reliable operation 1 of the BES such as UFLS. However, as
penetration of DER increases, planning and operating assessments used to assure “Reliable Operation”
of the BES will need to accurately represent how DER interacts with the BES.
Development of this document was initiated by the NPCC Board of Directors to develop Regional
guidance for voluntary use by NPCC Members and stakeholders. The guidance provided herein identifies
reliability risks 2 to the BES and suggests high level regional approaches NPCC Members could consider to
reliably implement DER. Specifically, integration, capability, and operations issues which should be
considered during process modification and development in their Area to maintain and continue to
achieve reliable operation of the BES within NPCC.
This initial guidance does not consider specific rooftop solar or individual installations of wind turbines
or other localized behind the revenue meter DER, although there is a process described in this
document which allows entities to identify concerns regarding impacts to NPCC so they can be
acknowledged and addressed in future versions of this document. NPCC Staff has developed this
guidance in conjunction with NPCC Member input through the NPCC open comment process to highlight
the importance of interconnection requirements at the distribution level. This document identifies
opportunities for DER related process improvement and addressing potential reliability risks due to gaps
that may exist, in order to promote good utility interconnection practices necessary for the reliability of
the NPCC Region as a whole. In addition, during the development of this document, a review of existing
DER related documents was performed and NPCC is working with the NY Interconnection Technical
Working Group as well as the Joint Utilities group of NY to align processes where possible.
DER for the purpose of this guidance means any non-BES real or reactive resource (generating unit,
multiple generating units at a single location, distributed generation, battery storage, etc.) located

Reliable Operation is defined in 16 U.S. Code § 824o and means “operating the elements of the bulk-power
system within equipment and electric system thermal, voltage, and stability limits so that instability, uncontrolled
separation, or cascading failures of such system will not occur as a result of a sudden disturbance, including a
cybersecurity incident, or unanticipated failure of system elements.”
2
An example of a reliability risk not addressed is remote dispatch of DER. A significant challenge that has been
found by some NPCC members is that DER Operators can be anywhere in the world and that as a result,
communications can be significantly delayed, leading to reliability risks. This includes time zone challenges and
language challenges,
1
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within the boundary of any distribution utility but not behind revenue metering, unless specifically
indicated.
Detailed guidance provided by some NPCC Members is included in this guidance document for the
benefit of Areas where DER interconnections have not yet progressed to high enough levels to warrant
action in their Area. Since DER is a growing technology trend, all NPCC Members will benefit from seeing
details on reliable DER integration which have been applied elsewhere. Their presence in this document
does not indicate application within NPCC as a whole. Also it is important to note that specific NPCC
Area or Utility requirements at the local level will supersede any suggested approaches in this
document.
NPCC, at this time, is not creating new Criteria or Standards through this Version 1 document. The intent
is purely informational and the document will need continual revisions as NERC and other groups
develop their guidance documents to achieve continued alignment.

Introduction and Objective

As DERs continue to penetrate the electric system at the “grid edge” or distribution system, and replace
conventional transmission grid connected resources, there is an increasing reliability related need to
understand and influence the effect of these DER resources on the BES. It is important to understand
how DERs are interconnected, planned, operated and how they interact with the transmission system.
Reliably and securely integrating DER into the electric system requires a comprehensive approach
utilizing perspectives from areas, such as, DER design, modeling, planning, relay coordination, and
especially requires consideration of jurisdictional issues and the importance of Members working with
their respective national, state, and provincial regulatory authorities to help them understand the
consequences of and formulation of effective DER interconnection requirements. While there may be
some broad universal guidelines, the details of effective DER interconnection requirements should be
reconciled with the nature of the system within which the interconnection is taking place. Appendix B
of this document provides a comparison of NPCC’s Area requirements, at the time of this Version 1
writing, to help identify opportunities for guidance.
Many, if not most, of the contemporary DERs are theoretically capable of bringing a number of
enhancements to reliability, provided that there are sufficient design specifications and interconnection
requirements to implement the enhancements. As an example, inverters, which convert direct current
to alternating current, have microprocessor based control systems. These microprocessors operate with
a very high internal clock speeds (on the order of MHz) and are capable of fine resolution frequency
measurement. They are capable of electronically controlling the upward ramping of DER output and
downwards ramping of DER output. Additionally settings in the DER inverters are capable of ceasing the
injection of current into the electric system at very high speeds depending on control decisions.
Inverters are capable of remaining physically connected (breaker closed) and not injecting current well
in excess of normal 3-5 cycle breaker clearing times. This type of response can provide significant
reliability benefits if control systems are properly configured to reliably implement it. Additionally, for
4

upward ramping, the distribution level connected resource should be available and operate with
“headroom.” In order to realize the benefits which DER are capable of to enhance reliability, it is
important to understand the hosting capacity of the distribution system feeders where they are being
located and the DER’s expected capabilities, capacity, and operation. In addition to improving system
response, DER in certain circumstances may enhance Resilience 3 by decentralizing generation and
affording flexibility during restoration beyond that of normal system restoration plans but initially will
also complicate system restoration plans 4. Many utilities across North America are not including any
DER in their system restoration to their variability and leaving them disconnected until such time as the
system has been restored to a stable state. As DER penetration continues to increase and fossil fuel
units retire it will create a need to revisit system restoration and Blackstart.
While DER present opportunities to enhance reliability, they also introduce challenges at the
transmission/distribution interface. Interoperability with the transmission system is not solely
determined at the point of interconnection. System needs such as visibility of generation state is
essential for transmission operators to maintain situational awareness for operations purposes, for
forecasting and integrated system planning to ensure reliability is maintained. Presently there are no
study tools in general use to perform fully integrated studies of transmission and distribution which
would allow both systems to be modeled and studied (in steady state and dynamically) together,
although work is underway in this regard.
In recognition of both benefits and challenges, the approach taken with this first Version of the NPCC
DER guidance document was to collect interconnection requirements within the NPCC Region as well as
in other areas of the NERC Electric Reliability Organization (ERO) Enterprise. There are some specific
issues where opportunity exists to ensure better coordination across the NPCC Region. The intent of
this document is to identify risks and establish guidance, where possible, for interconnection of DER and
raise awareness of opportunities. NPCC hopes to leverage any existing Area or distribution owner
requirements in the Region. This is a first step to developing a NPCC Region-wide approach to
interconnecting DER to distribution systems and reliably operating DER in conjunction with the BES. It is
recognized that DERs may not be placed optimally and in areas where deliverability to load may not be
ideal. In this respect any specific recommendations in this document will be subject to the requirements
of the interconnecting distribution utility.
Presently there are no study tools in general use that allow utilities to perform fully integrated and
simultaneous system studies of both the transmission and distribution systems, although work is
underway in this regard. This is a current reliablity risk that is not adressed in this guidance document 5.
Resilience as used in the guideline is referring to the 2018 NERC RISC Resilience Report
Another example of a reliability risk not addressed is use of DER in system restoration. Specific issue as once
voltage presence and frequency are returned, DERs will resync to the Grid without contact to the Control Center.
Trying to maintain that balance of Generation and load during restoration path execution without integrating DER
into the restoration Plan is challenging.
5
NERC appears to currently suggest that studies modeling a few details at the T-D interface is sufficient. NPCC is
considering proposing that more detailed and coordinated studies between transmission and distribution are
needed.
3
4
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NPCC Reliability Principles

Using its membership structure and governance authority to create and apply Regional Criteria 6, NPCC
Member adherence to Regional criteria contributes to a more robust level of reliability beyond NERC
ERO reliability “results-based” standards / requirements. For example, NPCC Criteria mandate specific
design requirements for NPCC Member facilities. NPCC‘s approach to reliability and Resilience can be
summarized in Principles that guide NPCC Members in their effort to meet or exceed NERC
requirements. NPCC’s core Reliability Principles 7 and activities support the NERC Bulk Electric System
and NPCC’s Bulk Power System reliability.
The NPCC Reliability Principles include:
1. Focus on the most important system components: In order to focus resources to those portions
of the power delivery system most important (critical) to overall reliability, NPCC Members
employ mechanism(s) for identifying those facilities that are most critical to the reliable
planning and operation of the power delivery assets in the NPCC region 8. These critical facilities
collectively are identified as the NPCC Bulk Power System 9,10.
2. Application of Criteria beyond NERC requirements to identified critical facilities: Where, in the
opinion of NPCC’s Membership, the NERC standards do not adequately specify a necessary
performance or design outcome in a given technical, operation or planning area, NPCC Criteria
govern the design of their respective portions of the NPCC Bulk Power System planning and
operation 11 activities.
3. NPCC Members support the Criteria: NPCC’s Full Members in accordance with the NPCC Bylaws
are committed to designing and operating their systems to meet the NPCC Criteria under peer
review of the NPCC Full Members.
4. No conflict with NERC Requirements: The NPCC Criteria supplement, improve upon where
necessary, benefit, and do not conflict with or duplicate the results-based performance
See NERC Rule of Procedure #313 on page 15 of the NERC Rules of Procedure 3-9-2018.
The Reliability Principles were summarized in the NPCC 2018 Strategic Review Report.
8
The method of identifying critical facilities is currently embodied in the NPCC A-10 Classification of bulk power
system Elements document, currently under review by the CP-11 Working Group with a due date of October 31,
2018.
9
The NPCC bulk power system is identified by a specific list of facilities in the NPCC region deemed critical by the
NPCC A-10 classification process. This list is not determined based on the definition of the ERO bulk power system,
which is defined in the US 2005 EPACT as:
‘‘(A) facilities and control systems necessary for operating an interconnected electric energy transmission network
(or any portion thereof); and
‘‘(B) electric energy from generation facilities needed to maintain transmission system reliability.
The term does not include facilities used in the local distribution of electric energy.
10
There are other documents which supplement the Directories, for instance the NPCC Compliance Guidance
Statements. These documents usually refer to NERC standards applicability and can be found here: NPCC CGS
11
NERC Rule of Procedure #313 (page 15) permits the following: “Regional Entities may develop Regional Criteria
that are necessary to implement, to augment, or to comply with NERC Reliability Standards, but which are not
Reliability Standards. Regional Criteria may also address issues not within the scope of Reliability Standards, such
as resource adequacy. “
6
7
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requirements of NERC standards where they apply to the NPCC Bulk Power System. NPCC
adjusts its regional Criteria to retire or adapt to any new NERC requirements as they come into
effect as necessary.
5. Include design specifications where needed: The NPCC Criteria and related guidelines and
procedures provide design criteria and practices to assure implementation. NPCC Directories go
into greater detail regarding how to accomplish a given reliability result, where NERC standards
may simply require a “reliability result.”
6. Resilience has always been an element of NPCC Criteria: Based on experience, resilience 12 13 is
a necessary constituent component of reliability and it is important both to electricity
consumers and regulatory authorities in NPCC’s Region. NPCC Criteria provide substantial
resilience benefits to the NPCC Bulk Power System by providing:
a. Robustness – The ability to withstand disturbances by supporting operations in a more
secure state.
b. Resourcefulness – The ability to detect and manage a crisis as it unfolds.
c. Rapid recovery – The ability to get services back as quickly as possible in a coordinated
and controlled manner.
d. Adaptability – The ability to absorb new lessons from events.

Reference NERC’s recent filing with FERC regarding Resilience for a more complete discussion of the relationship
between resilience, the NERC standards and the NAICS Resilience Framework. FERC is expected to define resilience
in the course of its current examination of electric system resilience concepts.
13
In the US, Presidential Policy Directive – 21 defines resilience as “The ability to prepare for and adapt to changing
conditions and withstand and recover rapidly from disruptions. Resilience includes the ability to withstand and
recover from deliberate attacks, accidents, or naturally occurring threats or incidents”.
12
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NERC RISC Model of Resilience

NPCC Criteria serve to
establish a superior preevent starting point,
make the trough less
severe and the recovery
faster

Also recognize the critical role that DER will have with respect to reliability and Resilience of the Bulk
Electric System. Specifically, DER can contribute to the overall robustness of the system and provide
increased resource support within islands during system separations. As DER continues to penetrate the
system, changes to NPCC’s Underfrequency Load Shedding program may be required.

NPCC DER Impact Reporting

In order to ensure the reliability and Resilience of the interconnected BES in Northeastern North
America as DER continues to proliferate throughout the distribution systems within the NPCC Region, it
is important to have a centralized DER impact reporting mechanism. The NPCC Regional Standard
Committee (RSC) created an impact reporting form and process that allows entities to report DER
impacts and to seek guidance regarding emerging issues and reliability risks that affect or could affect
the reliable performance of the BES see Appendix A. The Word version of the below form resides on the
NPCC website at:
BES Impact Reporting Form

8

Impact reporting and its associated process provide an orderly mechanism for NPCC to review reliability
impacts submitted and will initiate a collaborative review by the Reliability Coordinating Committee and
Regional Standards Committee. The process is shown below.

DER BES Impact Considerations

NPCC’s Regional Standards Committee (RSC) and Task Forces (i.e. Task Force on System Studies and
impacts on UFLS) reviews of DER as it pertains to the NPCC Region’s BES performance have identified a
number of areas which, going forward, may warrant further and continual monitoring and analysis.
NPCC has identified the following items that should be carefully considered as DER levels (total MWs)
increase.
•

DER performance with respect to voltage and frequency ride through as well as the ability to
provide regulation and reserves
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•
•
•
•
•
•

DER availability and quality of forecasting.
Observability and situational awareness of DER
DER impacts on Underfrequency Load Shed programs.
Effects of harmonics produced by non-linear device based DERs (e.g. inverters) on the power
system.
Impacts of DER on System Restoration and Black Start Plans.
DER Markets: Encouraging identification of Points of Common Coupling transmission nodes
affected and injection to where DER is best utilized and the appropriate DER output levels. Some
Areas currently allow aggregation across a broad area while others require aggregation to
specify at which transmission node the aggregated injection will occur.

NPCC Interconnection Guidance

This document and any detailed specifications which follow, are intended to be examples of
interconnection guidance and do not constitute a Regional Criteria which can only be implemented (if at
all) through NPCC Directories. There are numerous efforts underway in many forums and regulatory
bodies that are expected to create new, more specific guidance 14. The level of detail and specificity
provided is intended to be used as guidance for any NPCC Member Area which may not have yet seen
the need to establish detailed operating parameters. Some Members of NPCC have already established
detailed DER requirements, even in advance of upcoming applicable industry standards due to the rate
of penetration of DER in their Area. NPCC Members considering improving or adding to their respective
DER guidance are encouraged to reach out directly to other members which may have already
addressed DER related reliability risk issues.
As general considerations, the DER owner should be encouraged to provide appropriate protection and
control equipment, including a protective device and communications system that utilizes an automatic
disconnecting device which will disconnect the generation under various conditions (for example, in the
event that the portion of the utility system that serves the generator is de-energized for any reason, or
for a fault in the generator-owner’s system). There is also the possibility of over generation as has been
demonstrated in CA, when the system operator runs out of load to absorb the available generation.
Operating procedures for selecting which generation to curtail should be in place therefore System
Operator visibility is necessary. In lieu of visibility and operating procedures, some areas of the country
are planning to use market mechanisms to address this issue. The DER owner’s protection and control
equipment also should be capable of automatically disconnecting the generation from the system to
which it is connected upon detection of a utility system fault.
The DER owner’s protection and control scheme should be designed to ensure that the generation
remains in operation when the frequency and voltage of the utility system is within the limits specified

At the time of this guidance document development, these include but are not limited to: NERC (e.g. SPIDER
WG, IRPTF, Events Analysis, Modelling and Standards process), IEEE (IEEE 1547, P2800), and various state initiatives
such as the New York ITWG, Other Regional initiatives.
14
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by the interconnecting utility and its required operating ranges. Upon request from the interconnecting
utility, the DER owner should be prepared to provide documentation detailing conformance with the
guidance set forth in the connecting utility requirements.
The specified size of the generation facility or energy storage system should be based on electrical
generator or inverter AC nameplate ratings. The specific design of the protection, control, and
grounding schemes will depend on the size and characteristics of the DER owner’s generation, as well
the DER owner’s expected load level. Dynamic protection systems may be needed based the
characteristics of the particular portion of the utility’s system where the DER owner is interconnecting.
The DER owner should have, as a minimum, an automatic disconnect device(s) sized to meet all
applicable local, state, and federal codes and operated by over and under voltage and over and under
frequency protection. For three-phase installations, the over and under voltage function should be
included for each phase and the over and under frequency protection on at least one phase. All phases
of a generator or inverter interface should disconnect for appropriate voltage or frequency trip
conditions sensed by the protective devices. Voltage protection should be wired phase to ground for
single phase installations and for applications using wye grounded-wye grounded service transformers.
The settings referenced herein are generally intended for single-phase and three-phase applications
using wye grounded- wye grounded service transformers or wye grounded-wye grounded isolation
transformers. For applications using other transformer connections, a site-specific review should be
performed by the utility and the revised settings identified in the DER Application Process 15.
The guidance set forth in this document are intended to be consistent with those specifications
contained in the most current version of IEEE Standard 1547, Standard for Interconnecting Distributed
Resources with Electric Power Systems. It is recommended that the requirements in IEEE 1547 above
and beyond those contained in this document or the interconnecting utility requirements, are to be
followed including any other Standards referenced to in IEEE Std. 1547.

Voltage Response

Operating range for the generators is generally intended to be from 0.88 to 1.10 per unit of nominal
voltage magnitude. In addition, the generator should not cause the system voltage, at the Point of
Common Coupling (PCC), to deviate from a range of 0.95 to 1.05 per unit of the utility system voltage.
Historically for excursions outside these limits the protective device generally automatically initiates a
disconnect sequence from the utility system as detailed in the most current version of IEEE Std. 1547.
Clearing time is defined as the time the range is initially exceeded until the DER owner’s equipment
ceases to energize the PCC and includes detection and intentional time delay. Other static or dynamic
voltage functionalities may be permitted as agreed upon by the utility and DER owner. The industry is

At this time there has not been an assessment of potential change in sensitivity (increase or decrease) to the
effects of GMD from the presence of high DER penetration. This is a potential reliability risk to be evaluated in the
future.
15
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now in the process of changing this approach to promote ride-through via a number of different
standards initiatives which NPCC is tracking through its DER Forum.
Example of Alternative Approach to promote ride-through
Ensuring that DERs are able to respond appropriately for various voltage conditions is critical for system
reliability, as well as avoiding equipment damage and protecting personnel safety. Continuous operation
over a wide band of voltage levels will ensure that DERs do not prematurely trip and further deteriorate
system conditions. Appropriate tripping for voltages related to temporary fault conditions will also help
maintain system reliability.
Quebec Interconnection
Ride through is of primary importance for resources connected to the grid, with the objective of
maintaining system reliability. IEEE-1547 addresses the topic, however, for voltage and frequency, what
is required in the IEEE standard does not match the requirements in Quebec. For example, in under
frequency, HQ’s requirement goes as low as 55.5 Hz (for a short time period) while IEEE-1547 does not
require mandatory operation below 57 Hz.
DER should have voltage related operational capability and protection settings set as prescribed by the
area Electric Power System (EPS) operator and in accordance with IEEE Std. 1547-2018.
This subject area is a matter of facility installation and personnel policy of the asset owner, balancing
both reliability and safety.
In the Quebec interconnection voltage ranges and regulation requirements vary from the Eastern
Interconnection. The requirements of the local authority having jurisdiction should be followed (typically
Hydro Quebec).

Frequency Support

Frequency support is provided through the combined interactions of synchronous inertia and frequency
response. Working in a coordinated way, these characteristics and services arrest the decline in
frequency after a disturbance and eventually return the frequency to the desired level. As increased
levels of DER are introduced to the system, synchronous inertia will be displaced, which may have an
impact on the frequency response performance of the system. With increased penetration of DER it is
becoming desirable for DER to remain connected even outside the prescribed frequency range if there is
no risk to the DER equipment. The ride-through curves are “shall not trip above the curve,” not “must
trip below the curve. Regarding frequency operating characteristics of Inverters:
The operating range for the DER distribution connected resources should be similar to that of BES
connected resources. The operating band for frequency of a DER resource’s operating range should be
at least from 59.3 Hz to 60.5 Hz as required by the latest versions of NPCC’s PRC-006 and NERC PRC-024
UFLS standards. If deemed necessary, the utility may request that the generator operate at frequency
ranges below 59.3 Hz in coordination with the current under frequency load shedding schemes of NPCC
and the local utility system. For excursions outside these limits the protective device should
12

automatically initiate a disconnect sequence from the utility system as detailed in the most current
version of IEEE 1547. Clearing time is defined as the time the range is initially exceeded until the DER
owner’s equipment ceases to energize the PCC and includes detection and intentional time delay. Other
static or dynamic frequency functionalities may be permitted as agreed upon by the utility and DER
owner. There may be a need to establish a mechanism to formally have TO/DP’s provide information as
to which DER facilities are connected to feeders that have UFLS protection systems.
In addition, the 59.3 Hz from the UFLS system performance curve within which system frequency should
remain (e.g. PRC-006-3). This curve may not be the best source for setting frequency characteristics for
generators. There are other standards that have frequency trip curves for generators (e.g. IEEE 1547,
PRC-024-2, NPCC-006-NPCC-1 and NPCC D12). Note that the generator frequency trip curves may have a
continuous operating range that is lower than 59.3Hz (e.g. 59 Hz in NPCC Directory 12 and PRC-006NPCC-1).
Quebec Interconnection
Note that in the Quebec Interconnection the frequency operating range is wider than in the Eastern
Interconnection. In Quebec, the acceptable frequency range is from 59.4 Hz to 60.6 Hz therefore in
Quebec, UFLS systems must operate outside this operating rang in accordance with the Quebec variance
to the PRC-006-NPCC UFLS-1 regional standard table 4.

Reconnection to the Utility System

If the generation facility is disconnected as a result of the operation of a protective device, the DER
owner’s equipment should remain disconnected until the utility’s service voltage and frequency have
recovered to acceptable voltage and frequency limits for an acceptable amount of time as specified in
the most current version of IEEE Std. 1547. Under IEEE Std. 1547 output is to be restored in 0.4 seconds.
Systems greater than 25 kW that do not utilize inverter based interface equipment should not have
automatic recloser capability unless otherwise approved by the utility. If the interconnecting utility
determines that a facility must receive permission to reconnect, then any automatic reclosing functions
must be disabled and verified to be disabled during verification testing.
Utilities in other parts of the Eastern Interconnection who have experienced increased levels of DER
have determined that during system restoration, DER should not be allowed to return to service until
the system has been reestablished and is in a stable operating state. As traditional resources on the BES
are retired and the grid becomes increasingly reliant on grid edge DER on the distribution, Black Start
and System Restoration plans will have to be adjusted accordingly.

Inverters

Direct current generation can only be installed in parallel with the utility’s system using a synchronous
inverter. The design should be capable of disconnecting the synchronous inverter upon a utility system
event. Inverters intended to provide local grid support during system events that result in voltage
and/or frequency excursions as described in this document and should be provided with the required
onboard functionality to allow for the equipment to remain online for the duration of the event.
13

It is recommended that all applicable inverter-based applications should:
•
•
•
•

be certified per the requirements of UL 1741 SA as a grid support utility interactive inverter
have the voltage and frequency trip settings as specified by the interconnecting utility
have the abnormal performance capabilities (ride-through)
provide interactive inverter functions status

In New York State it is recommended that equipment be selected from the Department of Public Service
“Certified Interconnection Equipment list” maintained on the NY Public Service Commission’s website.
Interconnected DG systems utilizing equipment not found in such list should meet all functional
requirements of the current version of IEEE Std. 1547 and be protected by utility grade relays (as
defined in these requirements) using settings approved by the utility and verified in the field. The field
verification test in New York State must demonstrate that the equipment meets the voltage and
frequency requirements detailed in this section.
Synchronization or re-synchronization of an inverter to the utility system should not result in a voltage
deviation that exceeds the local utility or authority having jurisdiction power quality requirements. Only
inverters designed to operate in parallel with the utility system should be utilized for parallel operation.

Certification per UL 1741 SA as grid support utility interactive inverters

Because Inverters certified for IEEE 1547-2003 do not currently provide adequate grid support
functionality, in the interim period while IEEE P1547.1 is not yet revised and published, certification of
all inverter-based applications is needed. For example, in one NPCC Area the following approach was
taken to assure having inverters installed with a standardized set of grid support functionalities to
ensure the reliability of the BES (e.g. maintaining acceptable system frequency and voltage).:
•

•

•
•

Should be compliant with only those parts of Clause 6 (Response to Area EPS abnormal
conditions) of IEEE Std. 1547-2018 (2nd ed.)1 that can be certified per the type test
requirements of UL 1741 SA (September 2016).
May be sufficiently achieved by certifying inverters as grid support utility interactive inverters
per the requirements of UL 1741 SA (September 2016) with either CA Rule 21 or Hawaiian Rule
14H as the Source Requirement Document (SRD). Such inverters are deemed capable of meeting
the requirements of this document.
Applications should have the voltage and frequency trip points and abnormal performance
capabilities consistent with IEEE 1547-2018, PRC-024-2 and PRC-006-NPCC.
Abnormal performance capability (ride-through) requirements for inverter based applications
should have the ride-through capability per abnormal performance category II of IEEE Std. 15472018 (2nd ed.) as quoted in Tables III and IV.

The following additional performance requirements are applied in one NPCC Area and are provided as
an example:
•

In the Permissive Operation region above 0.5 p.u., inverters shall ride-through in Mandatory
Operation mode, and
14

•

In the Permissive Operation region below 0.5 p.u., inverters shall ride-through in Momentary
Cessation mode.
Table I: Inverters’ Voltage Trip Settings
nd

Shall Trip – IEEE Std 1547-2018 (2 ed.) Category II
nd

Required Settings

Shall Trip
Function

Comparison to IEEE Std 1547-2018 (2 ed.)
default settings and ranges of allowable settings for
Category II
Within
Clearing
ranges of
Voltage
Time(s)
allowable
settings?

Voltage
(p.u. of nominal voltage)

Clearing
Time(s)

OV2

1.20

0.16

Identical

Identical

Yes

OV1

1.10

2.0

Identical

Identical

Yes

UV1

0.88

2.0

UV2

0.50

1.1

Higher
(default is 0.70 p.u.)
Slightly higher
(default is 0.45 p.u.)

Much shorter
(default is 10 s)
Much longer
(default is 0.16 s)

Yes
Yes

Table II: Inverters’ Frequency Trip Settings
nd

Required Settings

Shall Trip
Function

OF2
OF1
UF1
UF2

Frequency
(Hz)

Clearing
Time(s)

62.0
61.2
58.5
56.5

0.16
300.0
300.0
0.16

Comparison to IEEE Std 1547-2018 (2 ed.)
default settings and ranges of allowable settings for
Category I, Category II, and Category III
Within ranges
Clearing
Frequency
of allowable
Time(s)
settings?
Identical
Identical
Yes
Identical
Identical
Yes
Identical
Identical
Yes
Identical
Identical
Yes

Table III: Inverters’ Voltage Ride-through Capability and
Operational Requirements
Voltage Range
(p.u.)

Operating Mode/
Response

Minimum Ride-through Time(s)
(design criteria)

V > 1.20
1.175 < V ≤ 1.20
1.15 < V ≤ 1.175
1.10 < V ≤ 1.15
0.88 ≤ V ≤ 1.10

Cease to Energize
Permissive Operation
Permissive Operation
Permissive Operation
Continuous Operation

0.65 ≤ V < 0.88

Mandatory Operation

0.45 ≤ V < 0.65
0.30 ≤ V < 0.45
V < 0.30

Permissive Operation
b
Permissive Operation
Cease to Energize

N/A
0.2
0.5
1
infinite
Linear slope of 8.7 s/1 p.u. voltage
starting at 3 s @ 0.65 p.u.:
8.7 s
(𝑉𝑉 − 0.65 p.u.)
𝑇𝑇 = 3 s +
𝑉𝑉𝑉𝑉𝑉𝑉
1 p. u.
0.32
0.16
N/A

a,b
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0.16
N/A
N/A
N/A
N/A

Comparison to IEEE
Std 1547-2018
nd
(2 ed.)
for Category II
Identical
Identical
Identical
Identical
Identical

N/A

Identical

N/A
N/A
0.16

See footnotes a & b
See footnote b
Identical

Maximum
Response Time(s)
(design criteria)

The following additional operational requirements can be used. Provided as an example:
a.

b.

In the Permissive Operation region above 0.5 p.u., inverters shall ride-through in Mandatory
Operation mode, and
In the Permissive Operation region below 0.5 p.u., inverters shall ride-through in Momentary
Cessation mode with a maximum response time of 0.083 seconds.

Table IV: Inverters’ Frequency Ride-through Capability
Frequency Range
(Hz)
f > 62.0
61.2 < f ≤ 61.8
58.8 ≤ f ≤ 61.2
57.0 ≤ f < 58.8
f < 57.0

Comparison to IEEE
Std 1547-2018
nd
(2 ed.)
for Category II
Identical
Identical
Identical
Identical
Identical

Minimum Time(s)
(design criteria)

Operating Mode

No ride-through requirements apply to this range
Mandatory Operation
299
Continuous Operation
Infinite
Mandatory Operation
299
No ride-through requirements apply to this range

Table V: Grid Support Utility Interactive Inverter Functions Status
Function

Default Activation State

SPF, Specified Power Factor

OFF
OFF
Default value: 2% of maximum current output per second
ON

2

Q(V), Volt-Var Function with Watt or Var Priority
SS, Soft-Start Ramp Rate
FW, Freq-Watt Function OFF

OFF

Minimum Protective Functions

Protective system requirements for distributed generation facilities result from an assessment of many
factors, including but not limited to:
• Type and size of the distributed generation facility
• Voltage level of the interconnection
• Location of the distributed generation facility on the circuit
• Distribution transformer
• Distribution system configuration
• Available fault current
• Load that can remain connected to the distributed generation facility under isolated conditions
• Amount of existing distributed generation on the local distribution system.
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It is not possible to standardize protection requirements according to any single criteria. At a minimum,
the protective function guidance in Table VI below should be considered. Function numbers, as detailed
in the latest version of ANSI C37.2, are listed with each function. All voltage, frequency, and clearing
time set points are should be field adjustable.

Table VI: Grid Support Minimum Protective Functions
Synchronous Generators

Induction Generators

Inverters

Over/Under Voltage (Function
27/59)

Over/Under Voltage (Function
27/59)

Over/Under Voltage (Function
27/59)

Over/Under Frequency
(Function 81O/81U)

Over/Under Frequency
(Function 81O/81U)

Over/Under Frequency
(Function 81O/81U)

Anti-Islanding Protection

Anti-Islanding Protection

Anti-Islanding Protection

Overcurrent (Function
50P/50G/51P/51G)

Overcurrent (Function
50P/50G/51P/51G)

Overcurrent (Function
50P/50G/51P/51G)

For energy storage systems or distributed generation where net export is limited, Reverse Power
(Function 32) should be considered.
The need for additional protective functions will be determined by the utility on a case- by-case basis. If
the utility determines a need for additional functions, it will notify the DER owner of the requirements.
The notice should include a description of the specific aspects of the utility system that necessitate the
addition, and ideally, explicit justification for the necessity of the enhanced capability. The connecting
utility will specify and provide settings for those functions that the utility designates as being required to
satisfy their individual protection practices. Any protective equipment or setting specified by the utility
is not to be changed or modified at any time by the DER owner without consent from the utility.
The DER owner is responsible for ongoing compliance with all applicable local, state, and federal codes
and standardized interconnection requirements as they pertain to the interconnection of the generating
equipment. Protective devices should utilize their own current transformers and potential transformers
and not share electrical equipment associated with utility revenue metering.
A failure of the DER owner’s protective devices, including loss of control power, should open the
automatic disconnect device, thus disconnecting the generation from the utility system. For example, if
the DER protection is powered off the system AC, and there’s a disturbance that drives voltage to go too
low and the control/protection loses power which then trips the DER, then the DER wouldn’t be meeting
the necessary ride-through requirements. A DER owner’s protection equipment should utilize a nonvolatile memory design such that a loss of internal or external control power, including batteries, will
not cause a loss of interconnection protection functions or loss of protection set points.
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All interface protection and control equipment should operate as specified, independent of the calendar
date.
For monitoring and control of new DG projects, the most current version of the Monitoring and Control
Criteria should be employed by the utilities to evaluate the need for such equipment in New York and
considered in the NPCC region if no other local criteria are available. The New York Monitoring and
Control Criteria document was developed and agreed to through a collaborative process as part of the
Interconnection Technical Working Group (ITWG) 16. The communications hardware, protocols, and data
models must comply with local interconnection utility standards.
Also and fundamentally, existing over-current protections in distribution system are typically designed
to clear line and ground faults occurring downstream from their location, as the source feeding the fault
is only the transformer station. Connecting a DER provides another source supplying the fault, and the
fault contribution from the facility might cause protection to operate non-selectively for reverse faults,
out of the protected zone. If the maximum reverse fault current through a non-directional faultinterrupting device exceeds the setting of the device, the fault-interrupting device should be considered
with a directional feature to prevent tripping for reverse fault current flow. For instance, phase
protection could be replaced with an impedance relay (function 21) if required.

Metering

Metering requirements for SCADA purposes are determined by the local connecting utility and based on
the configuration of the DER system prior to energization. Whether SCADA metering can be integrated
with revenue metering is a matter for the local connecting utility and connecting DER facility to decide.
New metering or modifications to existing metering should be reviewed on a case-by-case basis and be
consistent with metering requirements specified by the local connecting utility and any overarching
requirements adopted by the local regulatory authority that has jurisdiction (e.g. state commission for
example for revenue metering). Net Energy Metering is permitted should be installed when a DER has
the capability or potential to provide generation back into the utility distribution system, however, the
eligibility of a DER provider to receive net metering will be subject to the rules of the interconnecting
utility and the local regulatory authority that has jurisdiction .
A DER should be capable of providing monitoring of connection status, real power output, reactive
power output, and voltage either at the point of connection or some agreed upon point if multiple DER
facilities are involved. This information should be available to the system operator as required by the
connecting utility. The monitoring equipment should be installed at the time of interconnection and
meet the technical requirements of the connecting utility. The DER metering and monitoring
communications will allow interoperability and the capability to provide system operators with
situational awareness necessary for reliably operation of the interconnecting utility facilities. As more
DER is employed and base load generation is replaced with DER resources, it will be important for the

This document can be found on the Department of Public Service website (www.dps.ny.gov) at the Distributed
Generation/Interconnections tab under Interconnection Technical Working Group Information.
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Distribution Provider (DP) or interconnecting utility to be able to monitor the availability and production
of electricity (power output and energy delivered) from the DER resources.

Power Quality

The requirements for acceptable flicker levels should be in accordance with the latest version of IEEE
Std. 1453 Recommended Practice for the Analysis of Fluctuating Installations on Power Systems. Short
and long-term perception of flicker should be within the planning and compatibility levels delineated in
any applicable requirements or standards.

Power Factor

If the output power factor, as measured at terminals of the generator, is less than 0.9 (leading or
lagging), the method of power factor correction necessitated by the installation of the generator can be
negotiated with the utility as a commercial item. If the average power factor of the DER over time is
proven to be outside the 0.9 (leading or lagging) by the customer and accepted by the utility, that power
factor range may be used for any further utility facility design calculations and requirements.
Induction power generators may be provided with a VAR capacity from the utility system. The
installation of VAR correction equipment by the generator- owner on the DER owner’s side of the PCC is
to be reviewed and approved by the interconnecting utility prior to installation.

Islanding

Systems should be designed and operated so that islanding is not sustained on utility distribution circuits
or on substation bus and transmission systems. The guidance provided in this document is designed and
intended to avoid islanding and is subject to be superseded by local requirements. Special protection
schemes and system modifications may be necessary based on the capacity of the proposed system and
the configuration and existing loading on the subject circuit.
The need for zero sequence voltage and direct transfer trip protection schemes should be evaluated
based on minimum loads on the associated feeder and substation bus, including the impact of fault
conditions resulting from DER installation to protect facilities for an islanded condition.
Transfer trip is needed in some instances (e.g. on DER connections to non-radial transmission or subtransmission circuits) in order to protect the utility systems and DER facility from damage during faults
and/or reclosing operations into faults. The decision as to the applicability of direct transfer trip and
specific technology to be used form direct transfer trip communications rests with the connecting utility.

Underfrequency Load Shedding Programs

Underfrequency Load Shedding (UFLS) is implemented to restore power system frequency stability if
system frequency drops below the UFLS operational set point. Significant deviations in system frequency
typically occur during major disturbances such as a loss of generation or events in excess of design
contingencies used for planning purposes. UFLS is considered the “safety net” for the BES and a last
resort automatic control operation designed to stabilize BES islands for a generation deficiency. Various
fractions of load are shed through this process, typically 25%. UFLS is primarily installed on distribution
feeders, where DER is increasingly being deployed.
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NERC has a set of requirements in the PRC-006 standard and NPCC has more stringent requirements in
NPCC’s Regional Standard, PRC-006-NPCC which outline expected UFLS performance. Approved and
effective versions of these standards may both be found on the NERC website.
SS-38 is the NPCC working group responsible for inter-Area dynamic analysis. The SS-38 Working Group
regularly studies the UFLS performance within the Region and has recently determined, through
sensitivity analysis, that increased levels of DER penetration anticipated in the short term will not result
in any significant degradation in UFLS performance.
Adopting a more flexible approach to UFLS may be necessary as DER penetrations reach higher levels.
There are utilities that are reviewing the feasibility of “Adaptive UFLS” which uses real time monitoring
of distribution feeder loads and their DER to determine how much additional load may need to be
tripped when DER has increased output.

Effective Grounding for DER

With the onset of high penetrations DER, such as photovoltaic (PV) generation, utilities should consider
interconnection of PV plants similarly to how they would interconnect synchronous generators.
Conventional generators are considered to be voltage sources as they provide constant AC voltages
controlled by excitation systems. In contrast, an inverter-based DER plants are considered as current
sources, and the DER terminal voltage is dependent on the feeder to which it is connected.
Solidly grounding a transformer neutral for a DER plant eliminates a possible phase overvoltage
stemming from a single-line-to-ground fault. A potential problem with the solid grounding in the
distribution line is that large fault currents can flow through the transformer neutral, which can
desensitize the overcurrent protection coordination. In order to mitigate this issue, impedance
grounding can limit the fault current and potential equipment damage, while allowing overvoltage to
some limited magnitude. Some utilities protect their distribution from overvoltage by using overvoltage
protection so Effective Grounding isn’t a concern. Further investigation on the how specific installations
are grounded is warranted and being pursued by the Interconnection Technical Working Group (ITWG)
in New York.

Energy Storage Systems for DER

Battery storage technology is undergoing a rapid evolution from Lead Acetate to Absorbent Glass Mat to
Li-Ion due to the expanding application of batteries to transportation and other sectors. Li-Ion batteries
have been and continue to be deployed in a wide range of electric energy-storage applications, ranging
from energy-type batteries of a few kilowatt-hours in residential systems with rooftop photovoltaic
arrays to multi-megawatt containerized batteries for the provision of grid ancillary services. The Energy
Storage Association (ESA) anticipates at least 35 GW of new energy storage will be deployed in the
United States by 2025 and that the amount of energy storage will double from 2018 levels during 2019.
The ESA in conjunction with over 25 vendors and utilities have formed a task force and made a
commitment to optimize safety standards. Care should be used in placement of batteries. Suggested
placements should avoid proximity to other facilities that may be critical to the reliability of the BES.
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System control and Data Acquisition (SCADA) and Communications

As DER penetration increases and all DERs above a certain MW level, as determined by the
interconnecting utility or System Operators, should be required to provide SCADA telemetry data to the
control center to monitor their output. IEEE-1547-2018 has a communication port requirement. This
ensures that the output remains visible to the system operator. It allows the system operator to observe
DER status when working on a feeder in emergent or planned situations. Some NPCC Members have
encountered difficulty with getting compliance on this need from the DERs. DER owners should be
encouraged to keep their end of any SCADA equipment functional and reconnect their telemetry devices
when they have been disabled and this can be done through interconnection requirements. The
operator should be alerted by the DER when telemetry is interrupted. Scan rates equivalent to the scan
rates used by the system operator are preferred (typically 6 second).

DER BES Recommendations

As DER continues to penetrate the NPCC Region we suggest the following initial activities:
Process and Risk Management Recommendations
1) Continue with sensitivity analysis at the Transmission level for various levels of penetration of
DER on distribution facilities to determine effects of increased penetration levels of DER on UFLS
performance.
2) Pursue further opportunities to coordinate distribution and transmission requirements for DER
generating resources and promote NPCC Regional consistency where possible.
3) Continue to review NPCC Area authorities having jurisdiction and utility interconnection relative
to DER requirements documents to identify dissimilarities between Areas which may negatively
impact reliability.
4) Identify opportunities to share information regarding DER related reliability risk problems and
problem solving.
5) Continue to solicit and address observable reliability issues of DER initiated BES impact through
the use of NPCC’s DER Impact Reporting Forms and its associated process.
6) Continue to discuss any changes required for System Restoration and Blackstart Plans, as a
result of increased DER.
7) Continue to follow DER related ESA ESS safety issues and associated recommendations and
share the results with NPCC stakeholders.
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Planning Related Recommendations Due to Changing Resource Mix
8) Obtain DER modeling and performance data to enable Long-Term Resource, Long-Term
Transmission and Operational Planning of the BES 17
9) Clearly identify DER in the NPCC Region’s Area DER and particularly PV project queues or
forecasts where DER is being proposed for installation and the magnitudes relative to the
existing resource base and load projections.
10) Address masking of load by DER at the distribution level to ascertain its impact on the
assumptions that underpin UFLS programs
Analytics and simulation recommendations to deal with increase system complexity
11) Support interconnection wide inertia loss study efforts, to determine potential reliability
impacts, as DER increasingly replaces conventional synchronous generation resources.
12) Obtain DER modelling data to be able to model, predict and examine system behavior and
assess the interactions between the new resources and the existing reliability preserving
systems and programs. Examples include:
a. Under Frequency Load Shedding,
b. Under Voltage Load Shedding,
c. Frequency response sharing mechanisms (BAL standards).
d. Analysis of system protection systems (both T and D) so that the parameters to set
protection systems and other control systems are known so as to permit the most
reliability benefits to be garnered from the new resources.

What entities should be responsible for providing DER data to the Planning Coordinator for the purposes of
model building?
17
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Appendix A NPCC DER Impact Reporting Form

Please Complete and email this form to; npccstandard@npcc.org

Distributed Energy Resource (DER), BES Impact Reporting Form
Name

Date

Email

Company

Impact on Bulk
Electric System

Area (NY, NE,
State or Province
etc.)

Equipment Impacted
Equipment

Loca�on
(substa�on
name, etc.)

Impact (Posi�ve reliability impact? Nega�ve
reliability impact-Protec�on System failure,
Misopera�on, load aﬀected or lost?, power
quality issue?, etc)

Dura�on of Impact,
(start and stop �mes,
length of impact,
ongoing? etc.)

Description of Impact on BES- What Happened or was observed?
Please describe below the details of all the impacts of the DER as it pertains to this report, such as load
loss, loss of life, equipment failure or poten�al reliability improvement. A sequence of events showing
the impact is helpful. Atach suppor�ng informa�on to this form if necessary.

Root Cause or additional Analysis
Please describe below the details of any inves�ga�on your company may have already done to iden�fy
causes or contribu�ng factors to the incident. This will help NPCC route the issue properly to address it.
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NPCC Review of Issue and Recommendations (i.e. refer to NERC, develop a Criteria, Guideline,
Already Addressed or Identified, etc.)

NPCC Date of Resolution of Issue ______________
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Appendix B, NPCC AreasComparisons

Key Inverter based specification extracts
ISO-NE Inverter
Requirements
Inverter Certification
Voltage and frequency trip settings
for inverter based applications
Voltage Response
Frequency Response
Abnormal performance capability
(ride-through) requirements for
inverter based applications
Other grid support utility interactive
inverter functions statuses

NG ESB 756
B, C, D

NY SIR 18

IESO F2 Technical
Requirements

yes
yes

yes
yes

yes
yes

yes
yes

yes 19
yes 20
yes

yes

yes
yes

yes
yes

yes
yes
yes
yes

yes
yes
yes

yes

yes

yes
yes

yes

yes

Minimum protection functions
Monitoring and Control
Reconnection to the System
Distribution Protection
Coordination
Inverter Certification
Power Quality

yes

NY SIR is the New York Standardized Interconnection Requirement.
The functionality is required to be present, but the default state is to have this functionality disabled unless
otherwise directed by the area EPS operator
20
The functionality is required to be present, but the default state is to have this functionality disabled unless
otherwise directed by the area EPS operator
18
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PROJECT PURPOSE
 Develop a T&D co-simulation tool so that transmission system entities can
understand the full-spectrum impact of distributed energy resources (DERs)
on the bulk power system (BPS).
 Perform day-to-day planning, operational, and control studies for high-DERpenetration scenarios, which will assist in ensuring secure and reliable grid
planning and operations.
 The tool enables the studies to be done with physically realistic scenarios
(such as contingency analysis) on actual T&D network models.

SIGNIFICANCE AND IMPACT
 Reduce and mitigate risks
 Increase the awareness of the reliability impacts from high DER
penetration
 Identify remedial control strategies that address future reliability
concerns
 Ensure reliable and secure operation of the national grid
 Offer operational efficiency and economic benefits to various stakeholders
across T&D

PROJECT PERSONEL
Project PI: Karthikeyan Balasubramaniam (10/2019 - Present)
Ning Kang (01/2018 - 9/2019)
Core Developers:
T & D interface: Karthikeyan Balasubramaniam, Sangil Yim
DER Modeling, D+DER interface: Siby Plathottam, Karthikeyan
Balasubramaniam
Use case & testing: Rojan Bhattarai
Consultant: James Reilly, Reilly Associates

T&D + DER
CO-SIMULATION TOOL
(TDCOSIM)

OVERVIEW OF T&D + DER CO-SIMULATION TOOL
(TDCOSIM)
 Functional requirements – T & D
 Perform both Steady-state and dynamic simulations
 Co-simulate T&D systems with thousands of nodes
 Functional requirements – DER modelling
 Accurately model dynamics without undue computational
burden
 Capability to model smart inverter functions in IEEE-15472018
 Benefits for transmission system entities
 Increase the awareness of the reliability impacts from high
DER penetration
 Identify remedial control strategies that address future
reliability concerns

SOFTWARE COMPONENTS
 Software components
 Python based interfaces:
 T & D interface
 D & DER interface
 Python-based Dynamic DER
model
 OpenDSS for DSS (open source)
 PSS®E for TSS (Siemens)

n1 + n2
DSS instances
n1 DER instances

n2 DER instances

m DSS
instances

1 TSS
instance

TSS – Transmission system simulation
DSS – Distribution system simulation
DER – Distributed energy resource

Fig. Level of details in TDcoSim

SOFTWARE COMPONENTS – ARCHITECTURE

USING TDCOSIM - INTERFACE
 Available as an open source Python packages:
– TDcoSim: https://github.com/tdcosim/TDcoSim
– PV-DER: https://github.com/sibyjackgrove/SolarPV-DER-simulation-utility
 User guide is included.

.dyr
.out
.raw
.dss

Ingest
modelling
data

Run
co-simulation

DER
ratings

config.json

tdcosimapp.py

Analyze
results

.csv

DER – BPS IMPACT ANALYSIS

DER IMPACT ON TRANSIENT STABILITY OF BPS
 Transmission: IEEE 118-bus test system
 Distribution: 30 instances of 8500-node
feeder (no PV penetration) + 22 instances of
123-node feeder with variable PV
penetration levels
 Overall PV penetration level with respect to
the entire bulk system load
 10%
 20%
 In all about 150K buses (half a million
variables)
 A 10-cycle temporary fault is applied at bus
#60 on transmission system

Increased solar penetration
results in reduced system
inertia. Larger first swing and
lower frequency nadir with
increasing solar penetration
observed.

IMPACT OF DER TRIP AND RIDE-THROUGH
SETTINGS ON BPS STABILITY
 Transmission: IEEE 118-bus test system
 Distribution: IEEE 123-node feeder
connected to buses 54, 59, 80, 90, and 116

Increased PV
penetration results in
more severe voltage
sag during the fault
and higher swing
after the fault

 10% and 20% PV penetration level
implemented for the feeders above
 Four study scenarios


Base case without PV penetration



10% PV penetration with instant
tripping



10% PV penetration with ride-through
setting



20% PV penetration with instant
tripping

• Increased PV
penetration results
in more frequency
deviation when
they trip offline
• PV ride-through
helps maintain
system frequency

 A 10-cycle temporary three-phase fault is
applied at bus #59 on transmission system
at 0.5 sec
 Total simulation time: 7 sec
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ON-GOING WORK

NEED FOR DYNAMIC PVDER MODEL
 According to NERC Inverter-based Resource Performance Task Force (IRPTF), a
key issue with DERs is the lack of adequate models for dynamic studies.
 TDCoSim utilizes a high-fidelity dynamic PVDER model developed by ANL.
 PVDERs are represented individually at the distribution feeder nodes as opposed
to aggregated models such as DER_A.
 This allows studying impact of different DER settings on BPS stability (including
spatial variations in solar generation) and design control schemes.

DER MODELING AND SIMULATION – CHALLENGES
 Initial approach
 Use actual Inverter parameters instead of time constants, e.g., DC link
capacitance
 Model power balance and energy balance, e.g., PV module output power
 Does not assume balanced voltages at inverter terminals.
 Incorporate logic necessary for smart inverter (IEEE 1547-2018) features
 Solve n*N ODE’s in reasonable (?) time
 Reliably exchange data between hundreds of nodes; model pairs
 New approaches for inverter modeling
 Fully switched, average, and transfer function

IMPROVING DER SOLUTION TIME
 Any co-simulation is only as fast as the slowest individual component.
 DER simulation takes place in same thread as the DSS instance.
 Non-linear and stiff ODE’s – only implicit solutions possible.
 Current solutions (easy)
 Scale power output from a single DER model.
 Use DER models with large power ratings (e.g. 250 kW)
 Current solutions (hard)
 Provide the analytical Jacobian to ODE solver.
 Group ODE’s and solve with single solver instance.
 Future possibilities
 Tuning controller parameters to reduce stiffness of ODE’s.
 Approximate solutions with a function approximated.

SUMMARY
 Starting Point
 TDcoSim + PVDER – co-simulation tool for studying DER impact analysis.
 End to end solution for T+D+DER co-simulation
 Detailed modeling for DER and distribution system
 Scalable to co-simulation real world systems
 Where we are now
 Completed the first version of the software
 Completed the accompanying manual of the software
 On-going work
 Support NERC SPIDERWG and Standards Development
 Engage with ISOs to apply TDcoSim Tool to DER impact studies
 Develop additional features based on user feedback
 Improve performance capabilities

FUTURE EFFORT
Initiatives and Applications
 Support SPIDERWG, LMTF
 Applications in T&D planning coordination (DER tripping/ride-thru settings, DER_A model
parameterization and performance verification)
 Support NERC Long-Term Reliability Assessment and Probability Assessment
 Applications in T&D operation coordination (in conjunction with DERMS) to manage DERs to
provide
 T&D coordinated congestion management
 system balancing
 frequency and voltage control
 flexibility
 Defining the operating challenges, dynamics over time
 Applications in T&D resilience enhancement
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TECH Transfer Activities
• Brochure “Transmission and Distribution Co-simulation Tool – Questions and
Answers,” January 2018
• NERC industry webinar presentation “NERC and Argonne project: Overview of
Transmission and Distribution Co-Simulation Tool and Benchmark Case Studies,”
February 2018
• FERC DER Technical Conference “Panel 5: Incorporating DERs in Modeling,
Planning and Operations Studies,” April 2018
• Panel presentation “NERC’s Efforts to Include DER in Planning Models and
Argonne’s Combined T&D Co-Simulation Tool Enabling Bulk Power System Reliability
Studies,” IEEE PES General Meeting, August 2018
• Panel presentation “Transmission Distribution Co-Simulation Modeling,” International
Conference on Integration of Renewable and Distributed Energy Resources, Oct
2018
• Invited presentation “T&D Co-Simulation Tool and a Demo,” NERC LMTF meeting,
November 2018

Tech transfer activities
• Invited participation and presentation of “T&D Co-Simulation Tool,” NERC
SPIDERWG Kick-off Meeting, Austin, TX, January 2019.
• Paper/poster presentation “Dynamic Modeling of Solar PV Systems for Distribution
System Stability Analysis,” IEEE PES Innovative Smart Grid Technologies
Conference, Washington D.C., February 2019.
• Panel Presentation “A T&D Co-Simulation Tool (TDcoSim),” EPRI Power Delivery &
Utilization Program Advisory and Sector Council Meetings, San Antonio, TX, February
2019.
• Invited Tutorial “A T&D Co-Simulation Tool and Case Studies,” Energy Systems
Integration Group (ESIG) 2019 Spring Technical Workshop, Tutorial Session “Impact
of DER on Bulk System,” Albuquerque, NM, March 2019.
• Invited participation and presentation of “T&D Co-Simulation tool (TDcosim) –
Techniques and development,” NERC SPIDERWG Meeting, Folsom, CA, April 2019.

Work supported by Ali Ghassemian and
Dan Ton, U.S. DOE Office of Electricity,
Advanced Grid Research and
Development

Guide for Distributed Energy Resources
Management – IEEE P2030.11 WG update
NERC System Planning Impacts of DER Working Group (SPIDERWG)
Meeting 8-9 Oct 2019

Geza Joos* and Jim Reilly**
*Chair and **Secretary, IEEE P2030.11 WG
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Topics addressed
• Distributed Energy Resources (DER) – Interconnection at D and
T levels – microgrids, VPP and DERMS
• DER characteristics and features
• Flexibility requirements and DER as service providers
• DER aggregation – DERMS services – IEEE Std 2030.11
• DERMS architecture and functions/services
• IEEE Std 2030 smart grid series – interoperability requirements
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DER in active D grids and T grids
Central power
plants

Transmission grid

Distribution grid

Wind
farms

Demand
response

Loads

Microgrid – grid
connected

Substation

Solar
farms

Aggregated
DER

Electrical
storage

Distributed
generation

Loads

Micro/gas
turbines/CHP

Substation

Renewables
Wind/solar

DER

Virtual Power
Plant (VPP)

Substation

Distributed
generation

Demand
response

Electrical
storage

Distributed energy
resources (DER)
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DER features – types and features
• Energy resource – local power generation
– Local resources – solar, wind – renewables non dispatchable
– Conventional fuels (diesel engines)

• Storage – generator (discharging) / load (charging)
– Firming production – balancing variability
– Leveraging – storing/retrieving excess power

• Controlled/curtailable loads – demand response
• Large scale deployment requires DER support to T&D grids
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T grid flexibility requirements and resources
Need for
flexibility
Net load fluctuations

Power system
elements

Resources for
flexibility

Power markets

Power plants /
DER

Demand
variability
Renewable DER
variability

System
operation
Grid hardware

Contingencies

Demand
response / DER
Energy storage /
DER
Interconnections
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Resources providing flexibility – DER types
Resources providing operational flexibility

Power generation conventional

Energy
storage / DER

Demand
Response /DER

Renewables
wInd-solar /DER
Interruptible
Limited control [+/-]

Fully controllable [+/-]
(Power, energy)

Fully dispatchable

Time dependent
availability

Residential loads

Industrial loads

Batteries, hydro,
flywheel, CAES

Electric vehicles,
other

Thermal loads,
HVAC

Industrial
processes

Fully controllable [+/-]
(load, generator)

Fully controllable [+/-]
(when connected)

Controllable interruptible

Controllable interruptible
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DER impact on T grids
• DER may represent a significant portion of power and energy
produced as renewable resources penetration increases
• Impacts on T operation
– Generation dispatch – non dispatchable and balancing requirements
– Reduction in system inertia – inverter based resources
– Protection – reduction in short circuit capacity

• Required – approaches for management of 100,000 + devices
• Interface between DER and grids – aggregators and DERMS

8

IEEE P2030.11 – DERMS guide
• Distributed Energy Resources Management Systems (DERMS)
Functional Specification
– Purpose of DERMS – aggregation of DER to provide system services

• DERMS – interface between aggregated DER and DMS, TSO
• Scope of Guide
– Guiding principles for application and deployment of DERMS
– Functional requirements and core functions
– Defining functions to enable system services

9

Role of the DERMS as aggregator
Transmission
grid

Distribution
grid

TSO / EMS

DSO / DMS

DERMS
Loads

Generation

Demand
response

Electrical
storage

Distributed
generation

DER

Substation

Portion of the distribution grid

IEEE P2030.11 – DERMS core functions

DER
control
system

Level 2

DERMS
control
system

Level 1

DMS
TSO
ISO

Level 3

Electric grid – distribution / transmission
Higher level functions
Operator interface

Communications/SCADA

Grid/market

Optimal dispatch

Core level functions
Aggregation – DER device information – registration, grouping
DER/DERMS monitoring and status – dynamic grouping
DERMS operation and control – dispatch, estimation

Lower level functions
Voltage/frequency control

Device specific functions

Real/reactive power control

G.J.

DER devices and associated components
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DERMS implementation and operation
Business rules

D-MODEL

D-OPF

STF engine

OPERATION SERVICE BUS

DER FM

ADMS

DERMS
Manage DER
Operate DER

Manage DER
programs
Register DER

Outside of
utility
environment
Aggregator
DERMS

SCADA

DER

Settlements

DER

DER
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DERMS core functions and groupings
Registration

Grouping

Capability

DER device information

Measurements/
weather

Status/alarms

Dynamic grouping

Vizualization*

Historian*

DER/DERMS monitoring/status

Dispatch/
scheduling

Control/
optimization*

DERMS operation/control

Estimation/
forecasting*
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System services enabled by DERMS
• Basic energy and capacity – meeting needs
• Frequency response, support and control – also includes
– Ramping services
– Inertial response, post contingency frequency support

• Voltage regulation, support and control – also includes
– Maintaining/setting voltage profile for optimizing T system operation

• Black start in support of power system restoration
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IEEE Std 2030.n smart grid series
• IEEE Std 2030 – general smart grid interoperability guide
– in force
• IEEE Std 2030.2/3 – battery energy storage – in force
• IEEE Std 2030.7/8 – microgrid controllers – in force
• IEEE P2030.4 – interoperability – WG
• IEEE P2030.11 – DERMS specification – WG
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IEEE Std 2030 – Smart Grid Interoperability
• Proposing a SG Interoperability Reference Model (SGIRM)
• Providing a knowledge base for terminology,
characteristics, and smart grid functional performance
• Defining 3 integrated architectural perspectives – power,
communications, and information technologies
• Defining functional interfaces – logical connections – data
flow characteristics (ICT, security /cyber)

NERC Inverter-based Resource
Activities Update
Rich Bauer
Associate Director Reliability Risk Management-Event Analysis
NPCC DER Forum
October 17, 2019

RELIABILITY | RESILIENCE | SECURITY

NERC Disturbance Reports and Alerts

2
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Reliability Guideline:
Inverter-Based Resource Performance

• Recommended performance for BPSconnected inverter-based resources
 Applicable to ALL – BES and non-BES
resources
 Transmission and sub-transmission

• Based on recommendations and
findings from NERC disturbance reports
• Intended as cornerstone document for
industry moving forward
 Foundation for IEEE P2800

• Published September 2018
3
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Modeling Notification:
Momentary Cessation
• Existing models largely DO NOT
accurately represent installed
resource performance
 Identified issue that must be addressed
for models in planning and operations
studies
 Developed notification to help industry
in modeling efforts
 Guidance provided as part of second
NERC Alert
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Reliability Guideline:

Improvements to Interconnection Requirements
for BPS-Connected Inverter-Based Resources

• Need for clarity and consistency of
interconnection requirements
• Align with NERC Reliability Standards
FAC-001-3 and FAC-002-2
• Based on previous IRPTF guideline and
industry experience
 Covers wide array of operational and
performance issues that should be addressed

• Intended as another cornerstone
document for industry moving forward
 Coordination with IEEE P2800

• Published September 2019
5
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SPIDERWG

• Purpose: to address aspects of
increasing penetration of
distributed energy resources (DER)
related to system planning,
modeling, and reliability impacts to
the bulk power system
Foundations:
• NERC Distributed Energy Resources
Task Force (DERTF)
• NERC Load Modeling Task Force
(LMTF

6
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Reliability Guideline:

DER Modeling

7
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DERTF references
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DER
• Encourage participation in NERC System Planning Impacts of
DER Working Group (SPIDERWG)

9

RELIABILITY | RESILIENCE | SECURITY

NERC Activities

https://www.nerc.com/comm/PC/Documents/Summa
ry_of_Activities_BPS-Connected_IBR_and_DER.pdf
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BPS vs. BES vs. Distribution System
• Coordination of
activities to ensure
reliability
• Development and
utilization of
capability,
performance, and
interconnection
requirements
• Consistent
performance across
fleet to support BPS
and distribution needs
11
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IEEE Std 1547-2018
• Advanced standardization of the
interconnection and interoperability
of DERs connected to distribution
networks.
• Addresses “performance, operation,
testing, safety considerations, and
maintenance of the
interconnection.”
• The requirements set forth in the
standard “are universally needed for
interconnection of DER, including
synchronous machines, induction
machines, or power
inverters/converters.”
• P1547.1 project developing testing
and verification procedures for
requirements.
12
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IEEE Std 1547-2018
BPS Perspectives
• IEEE Std. 1547-2018 is a major improvement to previously
developed standards of IEEE Std. 1547-2003 and 1547a-2014.
• Specifications relevant to BPS:
 Entering service following disconnection due to widespread outage
 Voltage and frequency ride through and trip settings
 Dynamic performance during BPS disturbances (coordinated with
distribution considerations)
 Response to grid disturbances and fault events
 Active power-frequency and reactive power-voltage performance

13
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NERC/IEEE Joint Effort
• Issues related to large
penetration of inverter-based
resources





Controls
Modeling
Planning
Operations

• Protective relay issues
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Inverter-based fault current
Relay element response
Relay scheme selection
Short circuit study issues
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Grid Following/Grid Forming
Grid Following

Grid Forming

A grid tied inverter operates as a current source to
achieve the requested power and reactive power
set points.

A grid forming inverter operates as voltage source
device to control the voltage and frequency.

The inverter needs to always have a grid voltage
established by other generators to synchronize to
and feed-in or draw power from the grid.

The inverter can work in parallel with other
generators or in stand-alone mode.

In this mode, the inverter has full control over its
current wave form (amplitude and angle). The
inverter can achieve the requested set-points
faster since it controls the current directly.

In this mode, it can also control the power and
reactive power based on given set-points. Not
by controlling the current but by directly
adjusting the output voltage amplitude and
angle (similar to synchronous generators).

In case of FRT conditions, the inverter can set its
current to the requested values as per the grid
codes. (magnitude and angle)

In case of FRT conditions, the inverter can only
limit the current magnitude but not the angle.

15
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Grid Following/Grid Forming
Available grid forming control concepts:
Virtual Synchronous machine (VSM)
• Mimics the swing equation of the synchronous generator - Usually
does not use a PLL during normal operation - Provides inherent inertia
without frequency measurements - Fault response not well studied in
the literature
Power Synchronization Control (PSC)
• Does not use a PLL for normal operation but requires a back-up PLL
during faults in order to limit the current - Demonstrate proven
response for very weak grids - During grid faults, shifts to current
control with PLL - Provides inherent inertia through the power
synchronization loop
Direct power control (DPC)
• It controls the voltage and angle of the converter - very simple in its
use and implementation - used widely for stand alone applications and
UPS systems
16
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August 9, 2019 UK UFLS event
Lightning strike on 400kV transmission line (B-G)
Fault clears properly in 74 msec
Line recloses in 20 seconds
150MW DER trips on “Vector Shift” (coincident with fault)
737MW offshore wind trips due to voltage control instability (weak grid)
244MW Steam Turbine trips (combined cycle plant)
1131MW total loss (up to this point)
1000MW was the largest single loss planned for on that day
350MW DER trips on RoCoF (rate of change of frequency)
Frequency settles at 49.2 Hz
UFLS triggers at 48.8 Hz
210MW loss - Gas turbine of CC plant trips (high steam pressure)
No FRR left to deploy – frequency declines to UFLS level
187MW loss – 2nd gas turbine at CC plant
1878MW total loss

17
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Rich Bauer
Associate Director Reliability Risk Management-Event Analysis
Office (404) 446-9738
Cell (404) 357-9843
rich.bauer@nerc.net
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NPCC
Planning for DERs and Storage
Kelli Joseph, PhD
Clearway Energy Group

Planned Markets?

Utility

ISO

Utility AND ISO?

Core Issues
• (How) does the status quo of resource / distribution system planning
support or inhibit a reliable, least-cost power system?
• How do resource / distribution system planning need to relate to each
other? What improvements can or should be made?
• What do the status quo and optimized planning processes look like
under various permutations of market / policy structures (e.g.,
vertically integrated vs restructured, existing distribution system
planning process vs no existing process, existing resource preference
policies vs no preference policies, integrated resource planning vs
wholesale market)?
• What do Commissions and state energy offices want out of an
optimized planning process? How will they know when it’s been
achieved?
Challenges and Needs
• What steps are needed to transition from the status quo to optimized
processes?
• What technical, administrative, and other barriers impede an
optimized planning process? How can those barriers be addressed?
• What gaps in data, information, and tools need to be filled to support
success?

What about Market Structures?
• NARUC-NASEO Task Force: What do the status quo and optimized
planning processes look like under various permutations of market /
policy structures ?
• VI States = Some with IRP; Some with DSP
• Restructured States = Reliance on Market; Some with DSP
• RTO Wholesale Market

• Even with the ability to integrate, few states are doing this
• Relying on market design to incentivize resources in restructured
states in RTOs
• What about transmission planning?

Planning Criteria

Transmission Security & Resource Adequacy?
Resiliency?
Source: ICF

Focus on DERs has been on Solar PV …

Interconnection Challenges for Storage
• Still working on this at the distribution level
• Developing Best Practices…as we go: How to model,
what to do about storage additions, inadvertent
export, etc.
• Do we need to start all over with NERC Standards
for inverter-based resources (solar PV alone focus)?
Storage, Hybrids, etc.

• FERC Order 841
• Mostly modeling as generator, always on
• But able to participate as “consuming/withdrawing”
via DR-type participation models

• Hybrid?
• Could enable spin and non-spin (10min)?

• DER Aggregation NOPR and Data Request
• Proposed rules for non-homogenous
interconnection in NYISO
• None in ISO-NE
• A precursor to hybrid resources?
• NYISO Proposal: Storage alone can aggregate to
provide spin/30min, but cannot aggregate
storage+gen to provide spin (do not know on/off
status)

• Storage as Transmission?
• NWAs distribution
• Nothing defined at ISO/RTO level
• FERC Technical Conference to consider how storage
used in transmission planning and operations

Storage and Resource Adequacy
• In Energy Markets = Always on. How measure Capacity?

• Based on sustained output: ISO-NE = 2 hours; NYISO = 4-hours; PJM = 10 hours

• NYISO

• Focused on saturation levels of energy limited resources
• Derating factors determined by availability during specific peak load hours

• Key Issue = Duration

• How long loads remain elevated or how long reliability event lasts? (Astrape Report)
• NYSRC scales every hour of particular load shapes by 12%. So, the average load profile has
more hours above peak
• Current = Long duration of peak load hours
• Future = Shorter duration at different times

• But do these assumptions and saturation levels rely on the availability of
non-Energy Limited Resources (saturation aspect)…especially in load pockets?

Planned Markets?

East Pulaski Battery Energy Storage System

Place your chosen
image here. The four
corners must just
cover the arrow tips.
For covers, the three
pictures should be the
same size and in a
straight line.

October 17, 2019
Jim Dillon

Background
The East Pulaski 115-13.2 kV station in Pulaski, NY serves primarily rural
customers in Upstate New York near the Salmon River and Lake Ontario. During
the summer, station bank overloading could occur during peak hours and when it
is relied on to avoid extended customer outages in the surrounding area. Load
relief through adjacent feeder ties was utilized to reduce station loading below
operating limits for system normal periods.
A capital replacement project to increase the station capacity was in the early
development stages when our regulators announced their Order on Distributed
System Implementation Plan for each utility in New York to deploy two energy
storage projects.
After careful consideration of projects in the budget, this site was chosen as one
of the pilot sites in National Grid’s service territory.

Needs Case
The circumstances of the overloading conditions are limited to a narrow timeframe (2-4 hours) during the summer load period (June-September).

Needs Case
Determining the battery size and capacity- Peak seasonal hourly values 2016-2017

Needs Case
Contingent Planning for Battery Operation

Needs Case
BESS Capacity Request
• 2.0 MW/3.5 MWh

• Planning Considerations• Assumed 120 minutes for emergency switching
duration.
• Future load projections (8760-hr 10 year forecasts)
flat
• Rural area with DG Solar opportunities

Needs Case
The territory served by the East Pulaski station is very rural with opportunity for
the development of large solar farms (2-5 MW/site).

East Pulaski Station Distributed Generation Projects 9/28/19
14,000

Under review

12,000

kW

10,000
8,000

DG Limit

6,000

Study

4,000

Agreement

2,000
-

Station

Under construction

Challenges
• Developing Familiarity with technology
• Battery and control system capabilities and limitations
• SCADA point definitions and selection
• Ease of use-“Operator friendly”
• Maintenance of more complex battery system

Challenges
• Defining operating parameters to meet needs case
• Charge/Discharge characteristics
• Periods and durations
• Fixed rate or threshold levels
• Forecasting – Day/week ahead on more granular level

Final Product

2.0 MW/3.8 MWh

Open Items

• Training for take over of O & M and operating activities
• Market Participation
• Ensuring capacity available for primary need case
• Evolving Market Development

OCTOBER 17,2019 | NIAGARA FALLS NEW YORK

Implementation of the
Revised IEEE Standard 1547
Presentation to NPCC Regional Standards
Committee

David Forrest
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Overview of Applicable Interconnection
Standards – IEEE 1547 not applicable to BPS
resources!
Test & Verification &
Model Validation

Performance

BES1

BPS1

IEEE
• FERC Orders
P2800
• NERC Reliability
Standards & Guidelines

• Not available

IEEE
P2800

•NERC compliance
monitoring &
enforcement

IEEE
P2800.1

•Not available

IEEE
P2800.1

NERC definition of
Bulk Electric System:
≥100 kV with gross
individual / aggregate
nameplate rating
greater than 20 MVA /
75 MVA
1

May include meshed
sub-transmission
2

DER connected at
typical (radial) primary
and secondary voltage
levels
3

DER2

• IEEE Std 1547-2018



•IEEE P1547.1
•Ul 1741 (SA)
•IEEE ICAP

In
Balloting

IEEE standards are voluntary industry standards and must be adopted by the appropriate authority to become mandatory.

ISO-NE PUBLIC

BACKGROUND

ISO-NE PUBLIC
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STATUS OF IEEE 1547 AND UL 1741

ISO-NE PUBLIC
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IEEE 1547
•

The approved revision to 1547 underwent final editing at IEEE and was
published in early April 2018

•

Before DER can be certified as meeting the revised 1547, the testing standard
1547.1 must be revised

•

1547.1 was balloted and received over a 75% approval

•

Over 1500 comments were received and addressed and 1547.1 has been
recirculated with comments due by October 22

•

Depending on what comments are received, 1547.1 will be deemed complete
or recirculated

•

Once 1547.1 is approved, UL 1741 will need to be updated to agree with the
revised 1547.1

•

Once UL 1741 is updated and approved, it will take a year or longer for all
inverter manufacturers to have their inverters tested and certified

•

Thus it will be late 2020 or later before utilities will able require use of IEEE
1547-2018
ISO-NE PUBLIC
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IEEE 1547
• Based on experience implementing IEEE 1547 in MISO, New
England and PJM, EPRI has spearheaded an IEEE effort to
amend IEEE 1547-2018
• The amendment will allow utilization of Category III inverters
and allow under voltage trip settings similar to 1547-2003
settings that satisfy distribution utility concerns
• The amendment was approved by the working group and will
be balloted in the near future
• I encourage people to join the ballot group and support this
amendment

ISO-NE PUBLIC
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IEEE P1547a Project Authorization
Available online:
https://development.standards.ieee.org/P1139500033/par
Title: Standard for Interconnection and Interoperability of Distributed
Energy Resources with Associated Electric Power Systems Interfaces –
Amendment to IEEE Std 1547-2018 to provide more flexibility for
adoption of abnormal operating performance Category III
Scope: This amendment revises the ranges of allowable trip clearing
time settings in Table 13 for DERs in abnormal operating performance
category III. No changes are expected for the default trip settings in
any of the tables and abnormal operating performance categories.
Informative figure H.9 will be updated. No other changes of the
language in IEEE Std 1547-2018 shall be part of this amendment.
Approved by the IEEE SASB on September 5, 2019
ISO-NE PUBLIC

P1547a Proposal: Partial harmonization of ranges of Category III with Category I and
II (lower value only)

1. Revise lower
value of Category
III range of
allowable
settings for UV1
and UV2 clearing
time.
2. Leave all
Category III
default settings
as is.
3. Revise
informative
figure H.9
accordingly.

Table 13—DER response (shall trip) to abnormal voltages for DER of abnormal operating performance
Category III (see Figure H.9)
Shall trip—Category III
Ranges of allowable settingsb
Default settingsa
Voltage
Clearing time
Voltage
Clearing time
Shall trip function
(p.u. of nominal voltage)
(s)
(p.u. of nominal voltage)
(s)
OV2
1.20
0.16
fixed at 1.20
fixed at 0.16
OV1
1.10
13.0
1.10–1.20
1.0–13.0
UV1
0.88
21.0
0.0–0.88
21.0 2.0–50.0
UV2
0.50
2.0
0.0–0.50
2.0 0.16–21.0
aThe Area EPS operator may specify other voltage and clearing time trip settings within the range of allowable settings, e,g., to consider
Area EPS protection coordination.
bNominal system voltages stated in ANSI C84.1, Table 1 or as otherwise defined by the Area EPS operator. The ranges of allowable
settings do not mandate a requirement for the DER to ride through this magnitude and duration of abnormal voltage condition. The Area
EPS operator may specify the voltage thresholds and maximum clearing times within the ranges of allowable settings; settings outside of
these ranges shall only be allowed as necessary for DER equipment protection and shall not conflict with the voltage disturbance ridethrough requirements specified in 6.4.2. For the overvoltage (OV) and undervoltage (UV) trip functions clearing time ranges and for the
OV trip functions voltage ranges, the lower value is a limiting requirement (the setting shall not be set to lower values) and the upper
value is a minimum requirement (the setting may be set above this value). For the UV trip functions voltage ranges, the upper value is a
limiting requirement (the setting shall not be set to greater values) and the lower value is a minimum requirement (the setting may be set
to lower values).

Source: EPRI

ISO-NE PUBLIC
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Timeline for rollout of 1547 amendment,1547.1
and UL 1741
Dates

Activities

Status

April 2018

Milestone: IEEE 1547-2018 published: New DER grid interconnection requirements
established.
In parallel: IEEE 1547.1 update in progress. (New test procedures to verify conformance
to 1547-2018)
IEEE P1547.1 WG meeting – Draft 9.3 approved by Working Group
Final pre-ballot edits to P1547.1
Milestone: Final WG vote to send P1547.1 Draft 9.4 to IEEE-SA
P1547.1 D9.4 sent to IEEE-SA for ballot invitation and MEC review
IEEE-SA balloting and ballot resolution of P1547.1 (iterative)
UL 1741 begin revision draft to incorporate new 1547.1 and 1547
Milestone: IEEE-SA ballot approval of P1547.1
IEEE RevCom review of P1547.1
In parallel: Finalize UL 1741 ballot document to incorporate new 1547.1.

Complete

February 26-27, 2019
March 2019
April 2019
April 2019
Q2-Q3 2019
Q4 2019
Q4 2019
January 2020
Q1/Q2 2020
Q1/Q2 2020
Q1/Q2 2020
Q2/Q3 2020
Q3 2020 – Q4 2021
Q4 2020 – Q4 2021

Milestone: 1547.1 finalization and publication
UL Standards Technical Panel review and ballot updated UL 1741
Approval and Publication of Amendment to IEEE Std 1547-2018
Milestone: UL 1741 update published
Inverter manufacturers update and recertify products to UL 1741
UL 1741 / 1547-2018 compliant inverters expected to be available on market

ISO-NE PUBLIC

Complete
Complete
Complete
Complete
In progress

Interim Solution-Timeline
• The following implementation schedule was implemented in
Massachusetts
– All inverter-based solar PV projects 100kW or less with applications
submitted on or after June 1, 2018 are subject to the ISO-NE Source
Requirement Document
– All inverter-based solar PV projects greater than 100kW with
applications submitted on or after March 1, 2018 are subject to the
ISO-NE Source Requirement Document
– Inverter-based solar PV projects with applications submitted prior to
the above dates were encouraged to comply with the ISO-NE Source
Requirement Document with the approval of the interconnecting
utility

ISO-NE PUBLIC
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EFFORTS TO IMPLEMENT IEEE 1547-2018

ISO-NE PUBLIC
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Example Adoption of IEEE Std 1547-2018
ISO New England
MA

• Coordination between ISO-NE and the MA’s utilities in the Massachusetts Technical Standards Review Group
• Reference to UL 1741 SA as a stopgap to verify DER ride-through capability in the interim
• Harmonization of voltage & frequency trip settings with IEEE Std 1547-2018 ranges of allowable settings
• Full adoption of IEEE Std 1547-2018 under way since early 2019

PJM Interconnection
• Two ad-hoc stakeholder workshops in 2018 for DER ride-through categories and trip settings (PJM website)
• Initiation of formal stakeholder proceedings in 2019 (PJM website)
• Published a draft reliability guideline for voluntary DER ride-through in August 2019 (PJM Website)

Minnesota Public Utilities Commission

MN

• Phase 1 (2017): Interconnection Process, Applications, Agreements
• Phase 2 (2018): Technical Requirements consistent with IEEE Std 1547-2018 (MN PUC website)
• Coordination with regional reliability coordinator, e.g., MISO (MISO’s IEEE 1547 website)

Source: EPRI
ISO-NE PUBLIC

Example Adoption of IEEE Std 1547-2018
• As reported at the May 16, 2019 meeting, in New England,
inverters meeting UL 1741 SA were required starting in 2018
• ISO-NE is working with the MA TSRG on the implementation
of 1547-2018

– Over 50 responsibilities have been identified in IEEE 1547-2018
– Area EPS Operator has a role in over 40 of these responsibilities, some
of which require input from the Regional Reliability Coordinator and
the Responsible Transmission Planners
– A subcommittee of the MA TSRG will meet over the next year to make
the decisions required for the implementation of 1547-2018

ISO-NE PUBLIC
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Example Adoption of IEEE Std 1547-2018
• After a few meetings on the implementation of 1547-2018 a
few additional issues have surfaced

– Utilities expressed the need for early identification required updates
to state regulations to allow time for those regulations to be revised
– Utilities expressed concerns about the interaction between frequency
regulation (frequency droop) and anti-islanding protection for existing
and new DER – not everyone is aware of latest research findings
– Transmission Operators expressed the need for considering 1547-2018
“enter service” settings in black start studies
– Transmission planners express the need to track the location of the
various editions/legacies of DER (1547-2003, ISO-NE SRD & 15472018)
– Developers expressed the need to choose communication protocols to
allow lead time for the manufacturers
ISO-NE PUBLIC
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Sponsor Website for IEEE Std 1547-2018
http://sites.ieee.org/sagroups-scc21/standards/1547rev/
 General
 Scope
 Purpose
 Leadership Team
 Sources
 discounted copies
 SCC21-Reviewed Slide
Decks Available for
Interested Lecturers
 Further Reading
 Webinars
Please submit further reading suggestions via the web form!
ISO-NE PUBLIC

Publicly Available EPRI Resources on IEEE Std 1547-2018

EPRI Training Modules (EPRI-U)

Webinar

Quiz

1. Overview on IEEE Std 1547-2018, Dec. 2018

Public (3002014545)

Quiz 1

2. DER Ride-through Performance Categories and Trip Settings, Dec. 2018

Public (3002014546)

Quiz 2

3. T+D Coordination for DER Ride-Through and Trip Requirements, Dec. 2018

Public (3002014547)

N/A

https://www.epri.com/#/epri-u?lang=en-US

EPRI White Papers

Availability

5. Fact Sheet, May 2017

Public (3002011346)

6. Minimum Requirements for DERs Ride-Through, May 2015

Public (3002006203)

7. Communications Interface and Interoperability, Jul. 2017

Public (3002011591)

8. Power Quality Considerations for DERs, Dec. 2017

Public (3002010282)

https://www.epri.com/#/?lang=en-US
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Selected References for Further Reading
IREC (2019): Making the Grid Smarter. Primer on Adopting the New IEEE 1547-2018 Standard for Distributed Energy Resources.
Interstate Renewable Energy Council (IREC). Available online at https://irecusa.org/publications/making-the-grid-smarter-stateprimer-on-adopting-the-new-ieee-standard-1547-2018-for-distributed-energy-resources/ .
NRECA (2019): Guide to IEEE 1547-2018 Standard for DER Interconnections. National Rural Electric Cooperative Association
(NRECA). Available online at https://www.cooperative.com/topics/transmission-distribution/Pages/NRECA-Guide-to-IEEE-15472018-Standard-for-DER-Interconnections.aspx .
EPRI (2019): Transmission and Distribution Operations and Planning Coordination. TSO/DSO and Tx/Dx Planning Interaction,
Processes, and Data Exchange. 3002016712. Palo Alto, CA. Available online at
https://www.epri.com/#/pages/product/000000003002016712/ .
NRECA (2018): The National Rural Electric Cooperative Association (NRECA) published four articles in January 2018 that focus on
the IEEE 1547’s impact on the electric grid and electric cooperatives:
https://www.cooperative.com/topics/operations/pages/ieee-standard-1547.aspx
2018 WIRAB Webinar: Implementation of IEEE 1547 Standard – Interconnection of DERs and Utility Electric Power Systems.
August 21, 2018. Available online at https://westernenergyboard.org/2018/06/wirab-webinar-road-map-to-unplug-benefits-ofadvanced-der-capability-functions/
North American Electric Reliability Corporation (NERC) (2013): Performance of Distributed Energy Resources During and After
System Disturbance. Voltage and Frequency Ride-Through Requirements. North American Electric Reliability Corporation (NERC).
Available online at
http://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/IVGTF17_PC_FinalDraft_December_clean.pdf
North American Electric Reliability Corporation (NERC) (2017): Distributed Energy Resources. Connection, Modeling, and
Reliability Considerations. North American Electric Reliability Corporation (NERC). Available online at
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/Distributed_Energy_Resources_Report.pdf .
ISO-NE PUBLIC

ISO-NE PUBLIC

19

IEEE P1547a
Draft Amendment to IEEE Std 1547™,
IEEE Standard for Interconnection and Interoperability of Distributed
Energy Resources with Associated Electric Power Systems Interfaces,

to provide more flexibility for adoption of abnormal
operating performance Category III
How To Join The Ballot Group?
Deadline: October 23!

Chair – David Narang
Vice-Chairs – John Berdner, Jens C. Boemer, Babak Enayati, Bob Fox, Mark Siira
Secretary – Charlie Vartanian

Where We Are In The Process
 Sep 19, 2019

1st WG Meeting (minutes are available on iMeet here)

 Sep 23 - Oct 23, 2019
 Sep 26, 2019

Formation of ballot group / ballot invitation
2nd WG meeting and approval of Initial Ballot Draft by
conference Call (minutes are available on iMeet here)

 Oct 3, 2019

3rd WG meeting (to be rescheduled, if needed)

 Oct 4 - Oct 17, 2019

Mandatory Editorial Coordination (MEC) – ongoing

 Oct 18 - Oct 25, 2019

Approval of Entering Initial Ballot at SCC21 meeting1

 Oct 28 - Nov 29, 2019

Initial Ballot

 Dec 2 -Dec 13, 2019

Ballot resolution (CRT within WG)

 Dec 16-27, 2019

Recirculation (as needed)

 Jan 24, 2020

Approval by SCC211

 Jan 24, 2020

Submission to RevCom

 Mar 6-7, 2020

Approval by RevCom and SASB

 May 2020

Publication of the Amendment

Notes:
• Red dates are tentative
• Grey dates are
tentative.

electronic vote opens one week
before the meeting
1

2

Ballot Pool Formation Opened Sep 23
Duration: Sep 23 - Oct 23, 2019
Roster
•

Power & Energy Society – Transmission & Distribution – Distribution Resources Integration Working Group
(PE/T&D/DRI)

•

SCC21 – 1547/1 (SASB/SCC21/1547.1 testing WG)

•

SCC21 – DR Interconnection Application Guide Procedures Working Group (SASB/SCC21/1547.2WG)

•

1547 Revision Working Group (SASB/SCC21/1547_revwg)

•

1547WG for interconnecting DR with EPS’s (SASB/SCC21/P1547WG)

Extended Roster (per forwarding to Committee Chairs)
•

Wind and Solar Plant Interconnection Performance Working Group (WSPI-P) (PE/EDPG/WSPPID/WSPI/WSPI-P)

•

Generator SC - Renewable Energy Machines and Systems - WG#9 (PE/EM/GEN – WG9)

•

Generator SC - Coordination of C50s and IEC - WG#8 (PE/EM/GEN - WG8)

•

Power System Relaying and Control (PE/PSRCC)

•

IEEE Guide for Application of Neutral Grounding in Electrical Utility Systems, Part VI--Systems Supplied by CurrentRegulated Sources (PE/SPDHV/HV3.5.7/C62.92.6)

3

WG Approved Initial Ballot Draft on Sep 26


Initial Ballot Draft available on
iMeet: https://ieeesa.imeetcentral.com/p/aQAAAAA
D9G-W



A motion to approve the draft was
confirmed on the call by roll call:



Vote

Count

Approve

32

Disapprove

1

Abstain

2

WG Members that were
unavailable on Sep 26 were able
to cast their vote using iMeet:
https://ieeesa.imeetcentral.com/p/aQAAAAA
D89He

4

Step 1: Become a Participant in the P1547a
Working Group and Project on myProject

1
3
2
4

5

5

WG Membership Status and iMeet Access
 PnP’s–Clause 4.0 Working Group Membership
– Working Group membership is by individual
– IEEE and/or IEEE-SA membership not required
– A non-member becomes a non-voting member
by attending one meeting … and requesting membership
– A non-voting member becomes a voting member by attending
2 of the last 4 meetings and upon sending a request for voting status.
• Attendance credit is granted to those attending at least 50% of a meeting.
• Attendance via teleconferencing shall count towards the attendance requirements
• Voting membership is granted to those participants attending the first
meeting of a newly chartered Working Group upon their request.

Signed up
on myProject*

iMeet Access
is restricted to
voting members
* Log WG Mtg attendance
via iMAT

– Voting member status is maintained through consistent participation and voting
• may be revoked if a Working Group member misses two consecutive meetings
• A member who lost voting privileges shall have them reinstated by attendance at two consecutive
meetings of the Working Group and upon request for member status
• Working Group Chair can decide in cases of personal hardship
6

Step 2:
Join The Ballot Pool

Deadline: Oct 23!

1

2

7

Step 2: Join The Ballot Pool
If you are an IEEE-SA member
If you are an IEEE-SA member:
Go directly to:
https://development.standards.ieee.org/my-site/open-ballot-invitations
[development.standards.ieee.org]
Or, follow this process:
1. Log onto myProject; click the link for myBallot.
2. Click the link for myBallot (if applicable); click the link for "Show/Join Open Ballot
Invitations": https://development.standards.ieee.org/my-site/open-ballot-invitations
[development.standards.ieee.org]
3. Scroll down until you find the open ballot group of interest to you; then scroll over to the right
margin and click "join" under the "Actions" column.
4. Enter or select an affiliation from the drop down menu (appearing as you key in your affiliation in
the Organization window), select your classification category, and click "OK" at the bottom of the
screen. You will receive an on-screen confirmation that you successfully joined the group.
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Step 2: Join The Ballot Pool
If you are not an IEEE SA Member

If you are not an IEEE SA Member:
You can either enroll in a single ballot by paying a per ballot fee or you can join the IEEE
SA by choosing an option link below. Joining the IEEE SA entitles you to participate in as
many sponsor ballots as you like for the year.
OPTION 1 - I am already an IEEE Member and I want to add Standards Association
Membership. Go to: http://www.ieee.org/membership_services/index.html [ieee.org]
OPTION 2 - I am not an IEEE Member but would like to enroll in both IEEE and IEEE
Standards Association. Go to:
http://www.ieee.org/membership_services/membership/join/index.html [ieee.org]
OPTION 3 - I am not interested in becoming an IEEE Member, however I would like to
enroll as a Standards Association Member only. Go to: http://standards.ieee.org/samem/join.html [standards.ieee.org]
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Step 2: Join The Ballot Pool

Obligations And Responsibilities Of Balloters
============================================
OBLIGATIONS AND RESPONSIBILITIES OF BALLOTERS
============================================
Balloting group members have an obligation to respond during the balloting period;
failure to return a ballot may disqualify the balloter from participation in future balloting
groups.
Once the document is ready to be balloted, you will receive notification via email. You
will typically have 30 days to review the document and return the ballot with your
vote. By agreeing to participate in this ballot you have an *obligation* to
respond. Failure to return a completed ballot may disqualify you from participating in
future ballots.
Thank you for your interest in this ballot.

10

We Look Forward to Your Comments!
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Contacts
 David Narang,
David.Narang@nrel.gov

 Jens C. Boemer,
jboemer@epri.com

 Charlie Vartanian,
charlie.vartanian@pnnl.gov

 John Berdner,
jberdner@enphaseenergy.com

 Mark Siira,
msiira@comrent.com

 Bob Fox,
bob@sunspec.org

 Babak Enayati,
Babak.Enayati@nationalgrid.com
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Background Information

Resources
• Training Videos
• How to Run an Individual Working Group
• How to Run an Entity Working Group

• Bylaws and Procedures

• IEEE-SA Standards Board Bylaws
-http://standards.ieee.org/develop/policies/bylaws/
• IEEE-SA Standards Board Operations Manual
-http://standards.ieee.org/develop/policies/opman/
• IEEE Baseline Operational Procedures
http://standards.ieee.org/about/sasb/audcom/bops.html
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IEEE Standards Classification & Language
IEEE
P2800

Standards
documents
specifying mandatory
requirements (shall)

IEEE
Std
1547

IEEE
Std
1547.1

Recommended Practices
documents in which procedures
and positions preferred by the
IEEE are presented (should)

IEEE
P2800.1

Guides
documents that furnish information – e.g.,
provide alternative approaches for good
practice, suggestions stated but no clear-cut
recommendations are made (may)

IEEE
P1547.2

IEEE
P1547.3
IEEE
P1547.9

15

IEEE SA Balloting Rules

Consensus =
≥75% Quorum
≥75% Approval
–WG Chair’s goal is ≥90%!
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IEEE P1547a Project Authorization
 Available online: https://development.standards.ieee.org/P1139500033/par
 Title: Standard for Interconnection and Interoperability of Distributed Energy
Resources with Associated Electric Power Systems Interfaces – Amendment to IEEE
Std 1547-2018 to provide more flexibility for adoption of abnormal operating
performance Category III
 Scope: This amendment revises the ranges of allowable trip clearing time settings in
Table 13 for DERs in abnormal operating performance category III. No changes are
expected for the default trip settings in any of the tables and abnormal operating
performance categories. Informative figure H.9 will be updated. No other changes of
the language in IEEE Std 1547-2018 shall be part of this amendment.
 Approved by the IEEE SASB on September 5, 2019
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IEEE P1547a Project Authorization
 Purpose: IEEE Std 1547-2018 defines the performance and functional requirements for DER
connected with the Area Electric Power Systems (Area EPS). This amendment to IEEE 1547 would
widen the ranges of allowable trip settings to allow wider ranges that may broaden and simplify the
adoption of the standard.
 Need for the Project: This project is needed to address needs of stakeholders who have expressed
that wider ranges of allowable trip settings for UV1 and UV2 for Category III DERs (Table 13) would
broaden and simply the adoption of the standard. This would allow to maintain harmonization of DER
interconnection and interoperability requirements across the jurisdictions applying IEEE Std 15472018. The amendment is anticipated to increase the deployment of DER with Category III
capabilities that can provide the highest bulk system reliability, compared to DER that is capable of
the lower Category II. This amendment would allow to specify voltage trip clearing times of Category
III capable DER for safe and reliable coordination with distribution protection objectives. The
proposed timeline for this amendment (see the additional explanatory notes in 8.1 below) has been
harmonized with the drafting of regional reliability guidelines by regional reliability coordinators in
North America and the anticipated test and verification of IEEE Std 1547-2018 compliant DER
equipment through the procedures specified in IEEE P1547.1 as well as the certification of inverterbased DER specified in UL 1741.
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Balancing Bulk & Distribution Grid Needs
Distribution Grid Side
•Short trip times
•Ride-through with
momentary cessation
•Voltage rise concerns
•Islanding concerns
•Protection coordination
•Safety of line workers

Source: EPRI

Bulk System Side
TOMORROW
TENSION

•Long trip times
•Ride-through with
constrained momentary
cessation
•Reactive power support
•Frequency support

Increasing need for
T&D Coordination
19

Example Adoption of IEEE Std 1547-2018
ISO New England

MA

•Coordination between ISO-NE and the MA’s utilities in the Massachusetts Technical Standards Review Group
•Reference to UL 1741 SA as a stopgap to verify DER ride-through capability in the interim
•Harmonization of voltage & frequency trip settings with IEEE Std 1547-2018 ranges of allowable settings
•Full adoption of IEEE Std 1547-2018 under way since early 2019

PJM Interconnection
•Two ad-hoc stakeholder workshops in 2018 for DER ride-through categories and trip settings (PJM website)
•Initiation of formal stakeholder proceedings in 2019 (PJM website)
•Published a draft reliability guideline for voluntary DER ride-through in August 2019 (PJM Website)

Minnesota Public Utilities Commission

MN

•Phase 1 (2017): Interconnection Process, Applications, Agreements
•Phase 2 (2018): Technical Requirements consistent with IEEE Std 1547-2018 (MN PUC website)
•Coordination with regional reliability coordinator, e.g., MISO (MISO’s IEEE 1547 website)
•Published a draft reliability guideline for preferred DER ride-through in September 2019 (MISO’s IEEE 1547 website)

Source: EPRI
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P1547a WG Draft: Partial harmonization of ranges of Category
III with Category I and II (lower value only)
1. Revise lower
value of
Category III
range of
allowable
settings for
UV1 and UV2
clearing time.
2. Leave all
Category III
default settings
as is.
3. Revise
informative
figure H.9
accordingly.

Table 13—DER response (shall trip) to abnormal voltages for DER of abnormal operating performance
Category III (see Figure H.9)
Shall trip—Category III
Ranges of allowable settingsb
Default settingsa
Voltage
Clearing time
Voltage
Clearing time
Shall trip function
(p.u. of nominal voltage)
(s)
(p.u. of nominal voltage)
(s)
OV2
1.20
0.16
fixed at 1.20
fixed at 0.16
OV1
1.10
13.0
1.10–1.20
1.0–13.0
UV1
0.88
21.0
0.0–0.88
21.0 2.0–50.0
UV2
0.50
2.0
0.0–0.50
2.0 0.16–21.0
aThe Area EPS operator may specify other voltage and clearing time trip settings within the range of allowable settings, e,g., to consider
Area EPS protection coordination.
bNominal system voltages stated in ANSI C84.1, Table 1 or as otherwise defined by the Area EPS operator. The ranges of allowable
settings do not mandate a requirement for the DER to ride through this magnitude and duration of abnormal voltage condition. The Area
EPS operator may specify the voltage thresholds and maximum clearing times within the ranges of allowable settings; settings outside of
these ranges shall only be allowed as necessary for DER equipment protection and shall not conflict with the voltage disturbance ridethrough requirements specified in 6.4.2. For the overvoltage (OV) and undervoltage (UV) trip functions clearing time ranges and for the
OV trip functions voltage ranges, the lower value is a limiting requirement (the setting shall not be set to lower values) and the upper
value is a minimum requirement (the setting may be set above this value). For the UV trip functions voltage ranges, the upper value is a
limiting requirement (the setting shall not be set to greater values) and the lower value is a minimum requirement (the setting may be set
to lower values).
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© Copyright IEEE 2018. All rights reserved. Adapted and reprinted with permission from IEEE.

P1547a WG Draft: Modification to Figure H.9
1. Revise lower value of Category
III range of allowable settings
for UV1 and UV2 clearing
time.

2. Leave all Category III default
settings as is.
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Timeline for rollout of 1547.1 and UL 1741

Dates

Activities

Status

April 2018

Milestone: IEEE 1547-2018 published: New DER grid interconnection
requirements established.
In parallel: IEEE 1547.1 update in progress. (New test procedures to
verify conformance to 1547-2018)
IEEE P1547.1 WG meeting – Draft 9.3 approved by Working Group
Final pre-ballot edits to P1547.1
Milestone: Final WG vote to send P1547.1 Draft 9.4 to IEEE-SA
P1547.1 D9.4 sent to IEEE-SA for ballot invitation and MEC review
IEEE-SA balloting and ballot resolution of P1547.1 (iterative)
UL 1741 begin revision draft to incorporate new 1547.1 and 1547
Milestone: IEEE-SA ballot approval of P1547.1
IEEE RevCom review of P1547.1
In parallel: Finalize UL 1741 ballot document to incorporate new
1547.1.
Milestone: 1547.1 finalization and publication
UL Standards Technical Panel review and ballot updated UL 1741
Approval and Publication of Amendment to IEEE Std 1547-2018
Milestone: UL 1741 update published
Inverter manufacturers update and recertify products to UL 1741
UL 1741 / 1547-2018 compliant inverters expected to be available on
market

Complete

February 26-27, 2019
March 2019
April 2019
April 2019
Q2-Q3 2019
Q4 2019
Q4 2019
January 2020
Q1/Q2 2020
Q1/Q2 2020
Q1/Q2 2020
Q2/Q3 2020
Q3 2020 – Q4 2021
Q4 2020 – Q4 2021

Complete
Complete
Complete
Complete
In progress

NPCC DER Forum
DER Interconnection and the Bulk Energy System

Ted Ko
Director of Policy
October 17, 2019

May 31,
© 2019 Confidential
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Stem overview
Founded: 2009
Headquarters: San Francisco Bay Area, CA
Employees: 150+
Operations: CA, HI, NY, TX, MA, Japan, Ontario
Contracted & Installed: 1,250+ sites contracted, 380 MWh
Execution: 600+ installations, 10M+ runtime hrs.
Grid services: Over 1,000 day ahead and real time calls
Stem operates the world’s smartest and
largest digital energy storage network

High caliber global investors

Project Finance: $650 MM
Software Experience: 10 years, extensive data drives AI

Distinguished honors and awards

SEPA Power Player 2017: Innovative Partner of the Year
ANGELENO GROUP
May 31,
© 2019 Confidential
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Examples from Stem’s Energy Storage Portfolio
• Operating over 18 models of
Energy Storage Systems
from tier 1 suppliers
500kW

5MW

• From 100kW to 20MW+
offerings
• Standardized installation
and integrations
• Leveraging regional EPC
partners

1.3MW

108kW

1MW+

May 31,
© 2019 Confidential

3

Virtual Power Plants
Networked distributed storage enables large scale grid services

• Batteries aren’t being used 24x7 for
the building

• Utilities and grid operators call the VPP
for energy and grid services

• Artificial Intelligence software selects
storage systems with spare energy
VPPs operating at scale for years
Thousands of automated dispatches in real time markets
Single dispatches can involve hundreds of buildings

4

May 31,
© 2019 Confidential
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Services From Distributed Storage
Stem’s Customer
Services

• Wholesale services from DERs historically

limited to Demand Response
Backup
Power

Energy
Arbitrage

Increased
PV SelfConsumption

• Grid impacts relatively small from slowly

Spin /
Non-Spin
Reserve

dispatched load reduction

Frequency
Regulation
Demand
Charge
Reduction

• Distributed solar has been a low
Service
not
possible

Voltage
Support

Time-ofUse Bill
Management

Black
Start

Distribution
Deferral

Resource
Adequacy

Transmission Transmission
Congestion
Deferral

Relief

penetration, non-dispatchable load modifier

Storage changes the equation
• FERC issues Order 841 and opens docket

on DER Aggregation
Stem’s Virtual Power
Plant Services

Source: Rocky Mountain Institute.
May 31,
© 2019 Confidential
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Why DER Interconnection Matters
Financial-Physical Separation

•
•

Distribution utility cannot veto wholesale registration
ISO should allow time for interconnection review

Operations

Reliability Independence

•
•

Reliability risks are independent of wholesale transaction
Reliability risks handled in interconnection processes and
agreements

•

Markets

Planning

Interconnection is key factor in all areas

Operational constraints communicated ongoing between
distribution utility and aggregator. Aggregator communicates
impacts to ISO

May 31,
© 2019 Confidential
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Evolution of DER interconnection
Rooftop Solar
FTM Solar
BTM Standalone Storage
BTM Solar+Storage

FTM Solar+Storage

Aggregation Studies
May 31,
© 2019 Confidential
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Key milestones / concepts
FTM Solar (Ontario, Canada)
 FIT drove high penetrations, need to study bulk system impacts
BTM Standalone storage (California)
 Software controls / operational profiles
 Wholesale market aggregation, under DR construct
BTM Solar + Storage (CA vs ISO-NE)
 Policies around export, NEM
FTM Solar + Storage (ISO-NE)
 Wholesale market participation

May 31,
© 2019 Confidential
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Aggregations
FERC Issued Data Request in RM19-9, ISOs responded 10/7
• Cluster studies exist but no aggregation studies
• ISO’s depend on distribution utility to inform ISO of potential impacts

Distribution Interconnection
• Aggregate impacts independent of
wholesale market transaction
• Not an issue with DR resources
• No utility has created an aggregation
study process

May 31,
© 2019 Confidential
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Thank you

May 31, 2019
©

Confidential
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STORAGE IN HYBRID SYSTEMS

SOLAR PLUS STORAGE

AC-COUPLED

TOPOLOGIES

CPS

HYBRID SOLAR
PLUS STORAGE

HAWAII

VERMONT

DC-COUPLED

SPS

DPS

FLORIDA

TYPICAL CONFIGURATION
STANDARD
PV INVERTER or
BI-DIRECTIONAL
INVERTER

SOLAR PLUS STORAGE
VA L U E S T R E A M S

What we can do with
any PVS topology

What we can do
additionally if we DCcouple our PVS

•

Capacity Firming

•

Energy Time Shifting

•

Ramp Rate Control

•
•
•
•
•
•

Lower Cost than AC-Coupled
A Higher Efficiency than AC-Coupled Storage
Increased Revenue Due to Clipping Recapture
Ability to Retain Tax Incentives
Low Voltage Harvest (LVH)
Ramp Rate Control +

DC-DC COST REDUCTION
20MW CASE STUDY

REMOVE AC COLLECTION SYSTEMS
= $50,000
REMOVE TRANSFORMERS
20 X $40,000 = $800,000
REMOVE SWITCHGEAR
= $350,000

EFFICIENCY COMPARISON

52

52

DC-COUPLED

AC-COUPLED

•

3 power electronic conversions

•

3 power electronic conversions

•

1 battery charge and discharge

•

1 battery charge and discharge

•

1 transformer conversion

•

3 transformer conversions

Efficiency = 89.2%

Efficiency = 86.2%

= .95 * .982 * .982 * .984 * .99

= .95 * .984 * .99 * .99 * .984 * .984 * .99

Assumed efficiencies: PV inverter = 98.4%, Battery inverter = 97.5%, DC-DC = 98.2%, transformer = 99%, batteries = 95% round trip

CLIPPING RECAPTURE
ONLY WITH DC-COUPLED

SAMPLE 20 MW PV INSTALLATION
INVERTER RATIO: 1.45

ANNUAL LOST PRODUCTION:

1,923,256 kWh

LOW VOLTAGE HARVEST (LVH)
ONLY WITH DC-COUPLED

PV inverters harvest DC input when the array or string voltage is above a
certain threshold. This impacts generation at beginning of day, end of day
and in heavy cloud cover.

RAMP RATE CONTROL+
O N LY W I T H D C - C O U P L E D

Ramp Rate Control Mode
•

System can be sized to provide
ramp rate control to a defined
spec: X MW/minute.

•

Charge batteries with excess energy
during ramp up

ENERGY STORAGE
INTEGRATED
STANDINVERTERS
ALONE BESS
Efficient, Reliable, Secure and Cost Effective Solutions

BESS 40MW / 40MWh
• PJM Reg D
• Islanding capability
• Frequency response
• Volt-VAR
• Power factor set point

FComp: Frequency Response

FComp
Frequency Response
Autonomous, settable frequency
support. Sub-cycle response when
local frequency deviates from set
deadbands. Operates in background
but can be given priority.

Note this function can meet
requirements for rate of change of
frequency. (dHz/dt)

EComp: Volt-VAR

EComp
Volt-VAR support
Autonomous, settable voltage support.
Sub-cycle response when local voltage
deviates from set deadbands. Operates in
background but can be given priority.

REACTIVE POWER CAPABILITIES

S-Plane curve
Reactive Power capability
Example inverter reactive power
capabilities. The outer circle represents
available output points in normal operation.
The colored cut lines illustrate reduced
reactive power (positive) capabilities when
the battery input voltage is reduced.

CONTACT

THANK YOU

Chris Larsen
Director, Business Development
clarsen@dynapower.com

