




CEC/CPUC
Recommendations for Updating I-DER Technical Requirements in Rule 21


Version 63, October, 2013
(after submittal to CPUC)




Contents
Executive Summary	1
1.	Introduction	3
1.1	History Leading to Rule 21 Update Recommendations	3
1.2	Challenges of DER System Deployment	4
1.3	The Smart Inverter Working Group (SIWG)	7
1.3.1	Purpose and Structure of the SIWG	7
1.3.2	Activities of the SIWG	7
1.3.3	Timeline of SIWG Activities	8
1.4	IEEE 1547 Update Status and Relationship to Rule 21	9
1.5	Phased Approach to Rule 21 Recommendations	10
1.6	Summary of Proposed I-DER Functions Recommendations for Rule 21	12
1.6.1	Phase 1 Autonomous I-DER Functions	12
1.6.2	Phase 2 Communications Technologies for I-DER Functions	12
1.6.3	Phase 3 I-DER Functions Requiring Communications	13
1.6.4	Phase 3 Additional Autonomous I-DER Functions	13
2.	Proposed Phase 1 Basic Autonomous I-DER Functions	14
2.1	Anti-Islanding Protection	14
2.1.1	Purpose of Anti-Islanding Protection	14
2.1.2	Current Rule 21 Requirements for Anti-Islanding	14
2.1.3	Issues with Current Rule 21 Anti-Islanding Requirements	14
2.1.4	Proposed Anti-Islanding Requirements for Rule 21	15
2.1.5	Proposed Rule 21 Text Modifications for Anti-Islanding	15
2.1.6	Benefits of the Proposed New Anti-Islanding Requirements	15
2.2	Low/High Voltage Ride-Through (L/HVRT)	15
2.2.1	Purpose of L/HVRT	15
2.2.2	Current Rule 21 Requirements for L/HVRT	16
2.2.3	Issues with Current Rule 21 L/HVRT	16
2.2.4	L/HVRT Function Concepts	16
2.2.5	Proposed Rule 21 Default Voltage Ride-Through Requirements	17
2.2.6	Proposed Rule 21 Text Modification for L/HVRT	18
2.2.7	Benefits of the Proposed L/HVRT Requirements	18
2.3	Low/High Frequency Ride-Through (L/HFRT)	19
2.3.1	Purpose of L/HFRT	19
2.3.2	Current Rule 21 Requirements for L/HFRT	19
2.3.3	Issues with Current Rule 21 L/HFRT	19
2.3.4	L/HFRT Function Concepts	20
2.3.5	Proposed Rule 21 Default Frequency Ride-Through Requirements	20
2.3.6	Proposed Rule 21 Text Modification for L/HFRT	23
2.3.7	Benefits of the Proposed L/HFRT Requirements	23
2.4	Dynamic Volt/Var Operations	23
2.4.1	Purpose of Dynamic Volt/Var Operations	23
2.4.2	Current Rule 21 Requirements for Dynamic Volt/Var Operations	23
2.4.3	Issues with Current Rule 21 Dynamic Volt/Var Operations	23
2.4.4	Dynamic Volt/Var Operations Concepts	24
2.4.5	Proposed Rule 21 Default Dynamic Volt/Var Operation Requirements	25
2.4.6	Proposed Rule 21 Text Modification for Dynamic Volt/Var Operations	27
2.4.7	Benefits of the Proposed Dynamic Volt/Var Operations Requirements	27
2.5	Ramp Rates	27
2.5.1	Purpose of Ramp Rates	27
2.5.2	Current Rule 21 Requirements for Ramp Rates	28
2.5.3	Issues with Current Rule 21 on Ramp Rates	28
2.5.4	Proposed Ramp Rate Requirements	28
2.5.5	Proposed Rule 21 Text Modification for Ramp Rates	29
2.5.6	Benefits of the Proposed Ramp Rate Requirements	29
2.6	Fixed Power Factor	29
2.6.1	Purpose of Fixed Power Factor (PF)	29
2.6.2	Current Rule 21 Requirements for Fixed Power Factor	29
2.6.3	Issues with the Current Rule 21 Requirement for Fixed Power Factor	29
2.6.4	Fixed Power Factor Concepts	29
2.6.5	Proposed Fixed Power Factor Requirements	29
2.6.6	Proposed Rule 21 Text Modification	30
2.6.7	Benefits of the Proposed Fixed Power Factor Capability	30
2.7	Reconnect by “Soft-Start” Methods	30
2.7.1	Purpose of Reconnection by “Soft-Start” Methods	30
2.7.2	Current Rule 21 Requirements on Reconnection	30
2.7.3	Issues with Current Rule 21 on Reconnection	30
2.7.4	“Soft-Start” Reconnection Concepts	30
2.7.5	Proposed Rule 21 Reconnection Requirements	31
2.7.6	Proposed Rule 21 Text Modifications for “Soft-Start” Reconnection	31
2.7.7	Benefits of the Proposed “Soft-Start” Reconnection	31
2.8	Phase 1 I-DER System Parameters and Monitored Points	31
2.8.1	Phase 1 I-DER Parameters	31
2.8.2	Nameplate Information	35
2.8.3	I-DER System Monitored Points	36
3.	Proposed Phase 2 Communications Technologies for I-DER Functions	38
3.1	Purpose of Communication Technologies for I-DER functions	38
3.2	Current Rule 21 Requirements for Communications	38
3.3	Issues with the Current Rule 21 Lack of Requirements for Communications	38
3.4	Communication Concepts and Issues	39
3.4.1	Hierarchical Configuration of I-DER Systems	39
3.4.2	Communication Alternatives	42
3.5	Proposed Communication Requirements for Rule 21	43
3.6	Proposed Rule 21 Text Modifications	44
3.7	Benefits of Communications with I-DER Systems	44
4.	Proposed Phase 3 Additional I-DER Functions	45
4.1	Purpose of the Additional I-DER Functions	45
4.2	Current Rule 21 Requirements for Additional I-DER Functions	45
4.3	Issues with the Current Rule 21 Lack of Additional I-DER Functions	45
4.4	Proposed Additional I-DER Functions for Rule 21	46
4.5	Proposed Rule 21 Text Modifications	46
4.6	Benefits of the Additional I-DER Functions	46
5.	Proposed Test Plan	47
5.1	Introduction to the Test Plan for Smart I-DER Systems	47
5.1.1	Scope and Purpose	47
5.1.2	Types of Tests	47
5.1.3	Sources of Testing Requirements	48
5.2	Implementation Procedures	48
5.2.1	UL Certification for Pilot and for Commercial I-DER Systems	48
5.2.2	Permissive Implementation Schedules	49
5.2.3	Staggered Test groups	49
5.3	Schedules for Permissive Implementations of Staggered Testing of Smart I-DER Functions	50
5.3.1	Gantt Chart of Test Plan Implementation Schedule	52
5.3.2	CPUC-Related Tasks: Review, Comment, and Update CPUC On-Record Documents	53
5.3.3	Smart Inverter Working Group (SIWG) Tasks	54
5.3.4	Test group A – Phase 1 Autonomous Functions for Larger I-DER Systems	55
5.3.5	Test group B – Phase 1 Autonomous Functions for Smaller I-DER Systems	55
5.3.6	Test group C – Phase 2 Communications Capabilities for I-DER Systems	56
5.3.7	Test group D – Phase 3 Autonomous I-DER Functions	57
6.	Proposed Milestones	59
7.	Conclusions	60
A.	Annex A: Overview of Mandatory, Recommended, Optional I-DER Functions	61
A.1	Phase 1: Key Autonomous I-DER Functions	61
A.2	Phase 2: Communications Technologies for I-DER Functions	64
A.3	Phase 3: I-DER Functions Requiring Communications	65
A.4	Phase 3: Additional Autonomous I-DER Functions	67
A.5	Optional I-DER Functions	70
B.	Annex B: Definitions of Terms and Acronyms	74

Figures

Figure 1: Previous activities and expected timeline for future activities	9
Figure 2: Phased approach to integrating I-DER systems with utility operations	11
Figure 3 – Must disconnect and must remain connected zones	17
Figure 4: Graph of default voltage ride-through settings	18
Figure 5: WECC L/HFRT ranges in comparison to proposed IEEE 1547a ranges	21
Figure 6: WECC L/HFRT ranges showing possible must-stay-connected band	21
Figure 7: Proposed frequency parameters in IEEE 1547a	22
Figure 8: Example settings of volt/var mode using available vars	24
Figure 9: Example of volt/var curve with deadbands shown as bands on the curve	24
Figure 10: Example of volt/var curve with hysteresis, with arrows indicating direction of voltage changes	25
Figure 11: P-Q capability curve (P: real power; Q: reactive power; S: apparent power)	25
Figure 12: First 4 Levels of the Hierarchical I-DER System Architecture Showing Communication Protocols	41
Figure 13: Communication gateway for translating protocols	43
Figure 14: Staggered Test groups	50

Tables

Table 1: Default Rule 21 voltage ride-through voltage-time values	18
Table 2: WECC Off Nominal Frequency Load Shedding Limits	20
Table 3: Default interconnection system response to abnormal frequencies (IEEE 1547a)	22
Table 4: Examples of volt/var settings	27
Table 5: Phase 1 I-DER Parameters	32
Table 6: Nameplate and Static Settings	35
Table 7: I-DER System Monitored Points	36
Table 8: Initial Tasks: Review, Comment, and Update Documents	53
Table 9: Smart Inverter Working Group Tasks	54
Table 10: Test group A – Phase 1 Autonomous Functions for Larger I-DER Systems	55
Table 11: Test group B – Phase 1 Autonomous Functions for Smaller I-DER Systems	56
Table 12: Test group C – Phase 2 Communications Capabilities for I-DER Systems	57
Table 13: Test group D – Phase 3 Autonomous I-DER Functions	58
Table 14: Milestones	59
Table 15: Phase 1 Basic Autonomous I-DER functions	62
Table 16: Standards-based communications technologies requirements	64
Table 17: I-DER functions requiring communications	66
Table 18: Phase 3 Additional Autonomous I-DER functions	67
Table 19: Optional I-DER Functions	70


[bookmark: _Toc368317540]Executive Summary
California Governor Brown has called for the implementation of 12,000 MW of “localized electricity generation”, which can help the State reach its goal to acquire 33 percent of its energy from eligible renewable energy resources by 2020.  Substantial amounts of generation and storage capacity of these Distributed Energy Resource (DER)[footnoteRef:1] systems will provide significant environmental and financial benefits, but they also pose significant technical challenges. For instance, DER systems are located within distribution grids which were designed only for one-way flows of power from substations through the distribution grid to customer loads. DER systems powered from renewable sources generally have varying energy output. [1:  Distributed Energy Resources (I-DER) systems are defined as all generation and storage devices connected directly or indirectly (behind the customer’s meter) to the utility’s distribution system.] 

Over the last few years, many long discussions with DER experts have taken place; detailed analysis and modeling of power system impacts have been undertaken particularly of high penetrations of DER systems; and DER systems have been tested to better understand their capabilities and their responses to different situations.  The results of these efforts have been reviewed by European and US utilities, by the IEC groups developing standards for the functions, by the IEEE groups working on updating the IEEE 1547 series of interconnection standards, and by the SIWG members. Although there is general agreement on the need for incorporating smart DER functions into grid operations and broad agreement on the most important functions, it is clear that the detailed requirements for some of the DER functions are still evolving and should be analyzed and tested before being widely implemented.
Nonetheless, it has become clear that waiting for perfect understanding of these issues can cause additional problems. Recently many European countries have had to require expensive retrofitting of DER systems that have already been installed. California is expecting to have similar high penetrations of DER systems in the near future. Therefore it was deemed important to update Rule 21 to specify some of the more critical of the DER functions. 
In response to CPUC 11-09-011 rulemaking, and in response to those concerns about the current restrictions in Rule 21 on Distributed Energy Resources (DER) functionality, the group that eventually became known as the Smart Inverter Working Group (SIWG) was formed in early 2013 as a joint effort between the California Energy Commission (CEC) and the CPUC. The primary purpose of the SIWG is to propose technical recommendations for the CPUC on inverter-based DER (termed I-DER) interconnection requirements for inclusion in Rule 21.
As a result of efforts by the SIWG, a phase approach was decided upon and the following Phase 1 autonomous I-DER functions are proposed for updating Rule 21:
Support anti-islanding to trip off under extended anomalous conditions
Provide ride-through of low/high voltage excursions beyond normal limits 
Provide ride-through of low/high frequency excursions beyond normal limits 
Provide volt/var control through dynamic reactive power injection through autonomous responses to local voltage measurements
Define default and emergency ramp rates as well as high and low limits
Provide reactive power by a fixed power factor
Reconnect by “soft-start” methods 
Communications is also deemed critical to future management of I-DER systems. Therefore Phase 2 will develop the communication requirements, while Phase 3 will specify the I-DER functions that will require or benefit from the use of communications. These Phases are described in more detail in Annex A.
This document provides:
1. An introduction to the technical status of I-DER systems
1. Proposed Phase 1 autonomous I-DER functions
1. Proposed Phase 2 communications requirements
1. Proposed Phase 3 additional I-DER functions that could require or benefit from communications
1. Proposed Test Plan
1. Proposed Milestones
1. Conclusions
1. Annex A: Overview of I-DER Functions by Phase
1. Annex B: Definitions of Terms and Acronyms 
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[bookmark: _Toc368317542][bookmark: _Toc356910956][bookmark: _Toc356910957]History Leading to Rule 21 Update Recommendations 
California Governor Brown has called for the implementation of 12,000 MW of “localized electricity generation”, which can help the State reach its goal to acquire 33 percent of its energy from eligible renewable energy resources by 2020.  Substantial amounts of generation and storage capacity of these Distributed Energy Resource (DER)[footnoteRef:2] systems will provide significant environmental and financial benefits, but they also pose significant technical challenges. For instance, DER systems are located within distribution grids which were designed only for one-way flows of power from substations through the distribution grid to customer loads. DER systems powered from renewable sources generally have varying energy output. [2:  Distributed Energy Resources (DER) systems are defined as all generation and storage devices connected directly or indirectly (behind the customer’s meter) to the utility’s distribution system.] 

European experience has shown that the implementation of some DER functions can cost-effectively improve the reliability and power quality of the power grid. The additional capabilities could include autonomous DER functions, basic communications capabilities, and emergency DER management. The European experience has also shown that waiting to implement these functions, and/or providing overly prescriptive requirements for low penetration scenarios and not anticipating higher penetration scenarios, may lead to costly upgrades and replacements. Therefore, it is critical to determine which DER functions to permit and/or recommend in a timely manner. 
California’s Electric Rule 21 is a tariff that describes the interconnection, operating and metering requirements for generation facilities to be connected to a utility’s distribution system, over which the California Public Utilities Commission (CPUC) has jurisdiction. 
On August 23, 2011, the CPUC launched a multi-party Distribution System Interconnection Settlement Process intended to reach a global settlement on issues regarding distributed generation interconnection to the investor-owned utility distribution system in California.  
On September 22, 2011, the CPUC approved an OIR (R.11-09-011) to “review the rules and regulations governing interconnecting generation and storage resources to the electric distribution systems of Pacific Gas and Electric Company (PG&E), Southern California Edison Company (SCE), and San Diego Gas & Electric Company (SDG&E).”  The OIR is the procedural forum for the Distribution System Interconnection Settlement Process.
On March 16, 2012, fourteen parties to the Distribution System Interconnection Settlement Process filed a settlement in CPUC Rulemaking R.11-09-011 (Settlement Agreement Revising Distribution Level Interconnection Rules and Regulations), stating, “… Rule 21 in its present form is not designed to facilitate the interconnection of large numbers of generating facilities that export significant amounts of electric power to the State’s electric distribution and transmission systems, or to interconnect energy storage devices. Recently, the Commission has implemented a number of new procurement programs targeting smaller scale renewable generators, combined heat and power (CHP) facilities, and new technologies, such as energy storage. Given the existing limitations of Rule 21, an updated distribution-level interconnection process is necessary to support the success of these programs.” 
Based on the CPUC 11-09-011 rulemaking, and in response to those concerns about the current restrictions in Rule 21 on Distributed Energy Resources (DER) functionality, the group that eventually became known as the Smart Inverter Working Group (SIWG) was formed in early 2013 as a joint effort between the California Energy Commission (CEC) and the CPUC. The primary purpose of the SIWG is to develop technical recommendations for the CPUC on inverter-based DER systems (termed I-DER in this document) interconnection requirements for inclusion in Rule 21.
[bookmark: _Toc368317543]Challenges of DER System Deployment
Widespread use of distributed electric power production is becoming a reality in the majority of the power systems of the world. This rapid increase in distributed generation is driven by many factors:
The need for local sources of energy to mitigate the heavy reliance on externally produced fossil fuels.
The regulatory requirements and/or governmental goals in many countries and US States for renewable portfolios that have spurred the movement toward renewable energy sources such as solar and wind, including tax breaks and other incentives for utilities and their customers. The European countries have been particularly aggressive in developing renewable energy.
The development of new technologies of small power production that have made, and are continuing to improve, the cost-effectiveness of these small energy devices.
The trend in deregulation down to the retail level, thus incentivizing energy service providers to combine generation and energy storage management with their more typical load management services.
The increased demand for electrical energy, particularly in developing countries, but also in developed countries for new requirements such as Electric Vehicles (EVs).
The constraints on building new transmission facilities and increasing environmental concerns that make urban-based generation more attractive. 
The recognition that microgrids can provide increased electric power reliability by providing power even during grid outages.
The benefits of combined heat and power (CHP) facilities where waste heat from an industrial process (or methane from cows) can be used to generate electricity.
These pressures have greatly increased the number, sizes, and configurations of DER systems, leading to high levels of these uncoordinated and often variable sources of power into distribution systems not necessarily designed to handle them. These high penetrations of DER systems are causing a paradigm shift in power systems management and regulations, which can be characterized by the following issues:
DER systems challenge traditional power system management. These increasing numbers of DER systems can impact the stability, reliability, and efficiency of power grid operations. DER owners have different purposes for their DER systems than just providing power to the grid, so coordination of what energy and what ancillary services can be provided must be negotiated. DER systems are usually located for the convenience of the DER owner, not the utility, and therefore may be in less-than-optimal locations. The variable sizes and capabilities of DER systems, as well as their fluctuating responses to both environmental and power situations, make them difficult to coordinate, particularly as greater efficiency and reliability of the power system is being demanded. The power settings of traditional distribution equipment and DER systems must be analyzed and coordinated. Since the Europeans, such as the Germans and Italians, have implemented large numbers of DER systems, the lessons that they are learning can be used to help direct US efforts. In particular, they have learned that allowing DER systems to trip-off prematurely during voltage or frequency anomalies can actually exacerbate those problems, possibly causing unnecessary outages. 
DER systems can become very powerful tools for managing reliability and power quality. Local generators have been used for decades to improve the reliability of industrial facilities that have critical loads, and are often deployed in addition to local utility service.  The majority of current DER systems use inverters to convert their primary form of electrical energy (often direct current (dc) or non-standard frequency) to the utility power grid standard electrical operational requirements of 60Hz or 50Hz and alternating current (ac). These inverters are controlled by software applications and therefore many of their electrical characteristics can be modified through software settings and commands. These software applications can cause the inverters to change the real power output, voltage levels, power factor, and other electrical characteristics, and can thus be used to improve power quality and efficiency (assuming they still operate within the capabilities of the DER system and within the standard requirements for interconnecting the DER to the power system).
Many DER systems are becoming quite “smart” and can perform “autonomously”. If provided with pre-established settings, many DER systems can operate autonomously by adjusting their output to local conditions, thus helping maintain power system reliability and power quality. In particular, DER systems can monitor to local voltage levels and respond to deviations by adjusting vars to help bring voltage levels back within normal ranges. DER systems can also respond to frequency deviations by adjusting their real power outputs. 
Information and Communications Technology (ICT)[footnoteRef:3] can provide improved coordination of DER systems. If communications capabilities are warranted, DER systems can respond to commands to override or modify their autonomous actions by utilities and/or retail energy providers (REPs). In some cases, DER systems, just like bulk power generation, may be directly monitored and controlled by utilities in real-time. In other cases, these ICT capabilities may issue emergency commands, or may support normally autonomous operations by updating software settings, providing demand response pricing signals, establishing schedules for energy and ancillary services, adjusting the curves for active and reactive power, and other types of utility-DER interactions. The ICT infrastructure could include private utility or REP networks, cellphone networks, utility WANs, AMI backhauls, or, for some types of information exchanges, the Internet.  Cyber security is a major aspect of ICT, needed to protect the utility power system from cyber attacks, while providing privacy and confidentiality to the DER owners/operators.  [3:  ICT is a term widely used in Europe and implies not only the communication media and protocols, but also the design and standardization of the “data objects” (data formats) and the types of information exchanges among the various utility, REP, facility systems, and DER systems.] 

Coordination of DER settings with distribution equipment must be analyzed. Coordination with other utility equipment and methods will be necessary. Upon voltage or frequency anomalies, the DER disconnect settings should be consistent with utility load shedding and other safety settings. Voltage management is currently handled by load tap changers, voltage regulators, and capacitor banks, but DER systems will also be capable of providing these services. In the future, it will be a question of power engineering analysis, economics, tariffs, etc., as to which equipment and what methods are used by utilities under what conditions to ensure power system reliability, resilience, and power quality. Utilities will therefore experience challenges in coordinating these DER and distribution equipment settings, and will need to rely on scarce resources such as experienced engineers, advanced software applications, computer-based studies of different combinations of equipment in different scenarios, and testing of these various combinations in equipment labs and in the field. 
The smart DER system capabilities should be required preemptively, to avoid costly retrofitting. To avoid the possible necessity to retrofit DER systems over their lifetimes, utilities can preemptively specify certain capabilities for DER systems that interconnect to their power grid, although they might not enable them initially or install the communication infrastructure until they become needed. For instance, basic communication capabilities may be specified but not enabled while the installation of the communication circuit is deferred until a future time. The purpose is to permit DER systems to be used for supporting utility requirements, but not to mandate that the utility actually use all DER systems all the time for those functions. 

[bookmark: _Toc368317544]The Smart Inverter Working Group (SIWG)
[bookmark: _Toc368317545]Purpose and Structure of the SIWG
The formation of the Smart Inverter Working Group (SIWG) was jointly sponsored by the CPUC and the CEC. The purpose of the SIWG is to explore the smart inverter-based DER (I-DER) functionalities which would facilitate large penetrations of distributed generation and storage into California’s grid while maintaining high levels of system reliability and power quality, and make recommendations to the CPUC on which I-DER capabilities should be included in Rule 21.
Although the primary focus of the SIWG effort is on autonomous functions for inverter-based I-DER systems such as photovoltaic systems, wind turbines, energy storage systems and even inverter-based combined heat and power (CHP) systems, some capabilities may also apply to synchronous or induction generating units and to electric vehicle charging systems. It is also understood that some I-DER functions may be applicable only to certain types of I-DER systems (e.g. frequency management requires the ability to reduce or raise real power output which may require storage capability), while others may only be useful for the larger I-DER systems or for higher penetrations of smaller I-DER systems. However, there are no absolute boundaries where the new I-DER functions would or would not apply. Therefore, the SIWG has not limited its scope to any specific types or sizes of I-DER systems; just making the express proviso that I-DER systems are only expected to do what they physically or electrically can do. 
The SIWG is open to all interested parties, including utilities, I-DER manufacturers, integrators, and all other stakeholders. It holds calls either bi-weekly or weekly, depending upon the specific needs of the group. A CEC-sponsored web site (http://www.energy.ca.gov/electricity_analysis/rule21/index.html) provides access to documents relevant to the effort as well as the updated drafts of the documents developed by the SIWG.
[bookmark: _Toc368317546]Activities of the SIWG
The development of the “Candidate DER Capabilities: Recommendations for Updating Technical Requirements in Rule 21” was the first product of the SIWG and describes the new technical I-DER functions which could be included in Rule 21. The I-DER functions themselves are described in more detail in other documents, particularly in the Advanced Functions for DER Systems Modeled in IEC 61850-90-7[footnoteRef:4]. The initial draft document (version 15) was submitted to the record in June of 2013, and later discussed during the June 21, 2013 workshop to provide a robust record for the proceeding. Comments to the document of record were provided by July 31, 2013. Responses to those comments have been incorporated as appropriate into new versions of this document. [4:  See “Advanced Functions for DER Systems Modeled in IEC 61850-90-7” at http://collaborate.nist.gov/twiki-sggrid/pub/SmartGrid/PAP07Storage/Advanced_Functions_for_I-DER_Inverters_Modeled_in_IEC_61850-90-7.pdf. The standard defining these functions and the communications models for implementing them, IEC 61850-90-7, is available for purchase through the IEC.  ] 

A second document, the DER Test plan, was also developed by the SIWG for submission to the CPUC to provide a roadmap for compliance testing and certification of the new DER functionalities in manufacturer products. The Test plan identified staggered testing schedules for different groups of functions and DER sizes, since some of the more complex inverter functions may be more difficult for some manufacturers to implement in their DER systems. 
The SIWG is also working with UL, with Sandia Labs, and with others interested in updating the UL 1741 testing and certification for California-specific requirements in coordination with the IEEE 1547.1a group. The results are expected to be a set of California Smart Inverter Test Procedures that can be used for testing and certifying the manufacturer products. These California Smart Inverter Test Procedures are expected to be submitted as input to the standards organizations.
In addition, the SIWG is working with communication protocol experts to define the appropriate communication requirements. This effort will also develop California Communication Test Procedures.
The results from the Smart Inverter Working Group are expected to include the following:
Recommendations for Rule 21 for additional I-DER technical functions, including the default settings for Phase 1 functions, the Test Plan that provides a proposed schedule, And Milestones for different groups of tests (this document).
Testing procedures that are sponsored by the UL 1741 update group and coordinated with the IEEE 1547.1a efforts.
Communication specifications and testing procedures for the Phase 2 requirements.
[bookmark: _Toc368317547]Timeline of SIWG Activities
Figure 1 illustrates previous activities and expected timeline for future activities of some of the key stakeholders in this process.
[image: ]
[bookmark: _Ref363812712][bookmark: _Toc368317657]Figure 1: Previous activities and expected timeline for future activities
[bookmark: _Toc356910959][bookmark: _Toc368317548]IEEE 1547 Update Status and Relationship to Rule 21
The technical DER interconnection requirements in the current Rule 21 are based on the recommendations in the IEEE 1547 interconnection standard. As Rule 21 updates are under consideration, it has become clear to the DER standards community that IEEE 1547 must also be updated. In mid 2013, a first step was taken to create an amendment to IEEE 1547, labeled IEEE 1547a.
IEEE 1547a is the “permissive” update to the existing IEEE 1547. Its main purpose is to permit some actions that were prevented in the original standard. IEEE 1547a thus permits the DER system to actively regulate voltage at the PCC, so long as the Area EPS operator approves and this active voltage regulation does not compromise the unintentional islanding detection and disconnect function. It will also permit the high and low limits of both voltage and frequency to be extended for specific time periods so that voltage and frequency ride-through by DER systems can occur. However it is not expected that IEEE 1547a will identify explicit settings, so a complete updating of IEEE 1547 is under consideration.
IEEE 1547.1a, the testing requirements for IEEE 1547a, is also being developed as an addendum to the original IEEE 1547.1 testing requirements. Updates to UL 1741 will also be undertaken. 
IEEE 1547.8 on high penetrations of DER is still in progress, but is expected to extend the permissive capabilities in IEEE 1547a with specific recommendations for DER functions and settings in high penetration scenarios.
The IEEE standardization process necessarily takes a long time to ensure the recommendations are both appropriately constrained and yet flexible enough for utilities with very varied requirements, such as the Hawaiian Islands and the congested East Coast. However, California has determined that it cannot wait for the completion of these standards. Therefore, it was decided that California could work in parallel with the IEEE efforts to define the California-specific requirements.
The additional DER functions that are being recommended for inclusion in Rule 21 build on the permitted actions in IEEE 1547a and the proposed functionalities of IEEE 1547.8 by specifying the mandated and recommended functions along with the default ranges of settings that are appropriate for California.
[bookmark: _Toc356910968][bookmark: _Toc368317549]Phased Approach to Rule 21 Recommendations
Regulatory requirements can take the form of mandates, recommendations, and/or permissions for the functions or actions that utilities perform. Over the last few years, many long discussions with DER experts have taken place; detailed analysis and modeling of power system impacts have been undertaken; and DER systems have been tested to better understand their capabilities and their responses to different situations.  The results of these efforts have been reviewed by European and US utilities, by the IEC groups developing standards for the functions, by the IEEE groups working on updating the IEEE 1547 series of interconnection standards, and by the SIWG members. Although there is general agreement on the need for incorporating smart DER functions into grid operations and broad agreement on the most important functions, it is clear that the detailed requirements for some of the DER functions are still evolving and should be analyzed and tested before being widely implemented.
Given these uncertainties, a phased approach is preferred. This phased approach would permit utilities to determine the real benefits and costs of different functions, including which functions would be best applied to which DER sizes and which DER “electrical” locations. This phased approach is illustrated in Figure 2.
[image: ]
[bookmark: _Ref351989033][bookmark: _Toc368317658]Figure 2: Phased approach to integrating I-DER systems with utility operations
For these reasons, utilities would like to require that DER systems be capable of key functions (as outlined in Section 1.6) but that not all of these functions would necessarily be activated initially. The utilities could then test and assess the impact of different DER functions on the reliability and power quality of the grid, probably with different DER sizes and at different “electrical” locations.
The same philosophy would apply to communications; DER systems should be capable of information exchanges with some basic communication interface technologies included, but not all DER systems would need to communicate initially. Communications with utilities would be activated when the utilities have determined the DER information requirements and when their communications network infrastructure is available. Until that time, default preset values for the activated functions would be installed at deployment, and the DER system would autonomously respond to those settings. For instance, most of the smaller DER systems could be pre-set with default values that may not need to change for many years. However, if the settings need to be updated, or new functions should be activated, or other communication capabilities are necessary, the utilities would not have to replace DER systems (as has occurred in Germany). Obviously DER owners and operators could implement their own communications as needed.
For this reason, the preferred approach to Rule 21 is that key DER functions, default settings for those functions, and basic communications technologies would be mandated but not necessarily activated. 
[bookmark: _Toc356910960][bookmark: _Ref365971828][bookmark: _Toc368317550]Summary of Proposed I-DER Functions Recommendations for Rule 21
The proposed DER functions reflect the requirement in the CPUC 11-09-011 rulemaking to identify smart capabilities for inverter-based DER systems for inclusion in the updated Rule 21. Details of these proposed I-DER functions are provided in the following sections.
[bookmark: _Toc368317551]Phase 1 Autonomous I-DER Functions
It is recommended that the following autonomous I-DER functions should be mandatory in Rule 21 for I-DER systems as Phase 1:
1. Support anti-islanding to trip off under extended anomalous conditions
Provide ride-through of low/high voltage excursions beyond normal limits 
Provide ride-through of low/high frequency excursions beyond normal limits 
Provide volt/var control through dynamic reactive power injection through autonomous responses to local voltage measurements
Define default and emergency ramp rates as well as high and low limits
Provide reactive power by a fixed power factor
Reconnect by “soft-start” methods 
[bookmark: _Toc368317552]Phase 2 Communications Technologies for I-DER Functions
It is proposed that the Phase 2 communication technologies be required according to the Phase 2 Test Plan (see Section 5.3.6) and the recommended practices in IEEE 1547.3 “Guide for Monitoring, Information Exchange, and Control of Distributed Resources Interconnected with Electric Power Systems”, but with the understanding that the requirements are at a high level in this document and will need to be defined in more detail as identified in the Phase 2 Test Plan:
1. Provide capability for including and/or adding communication modules for different media interfaces 
Provide the TCP/IP internet protocols 
Use the IEC 61850 information model for defining data exchanges 
Support the mapping of the IEC 61850 information model to communication protocols
Provide cyber security at the transport layer
Provide cyber security for user and device authentication 
[bookmark: _Toc368317553]Phase 3 I-DER Functions Requiring Communications 
It is recommended that the additional Phase 3 I-DER functions requiring communications and identified in Annex A.3 as mandatory or recommended should be included as high-level requirements in Rule 21. 
DER Functions Requiring Communications:
1. Provide emergency alarms and information
1. Provide status and measurements on current energy and ancillary services
1. Limit maximum real power output at the PCC upon a direct command from the utility
1. Support direct command to disconnect or reconnect 
1. Provide operational characteristics at initial interconnection and upon changes
1. Test I-DER software patching and updates 
[bookmark: _Toc368317554]Phase 3 Additional Autonomous I-DER Functions
It is recommended that the additional autonomous Phase 3 I-DER functions identified in Annex A.4 as mandatory or recommended should be included as high-level requirements in Rule 21. 
1. Counteract frequency excursions beyond normal limits by decreasing or increasing real power
1. Counteract voltage excursions beyond normal limits by providing dynamic current support 
1. Limit maximum real power output at the ECP or optionally at the PCC to a preset value
1. Modify real power output autonomously in response to local voltage variations 
1. Set actual real power output at the PCC
1. Schedule actual or maximum real power output at specific times 
1. Smooth minor frequency deviations by  rapidly modifying real power output to these deviations
1. Follow  schedules for energy and ancillary service outputs 
1. Set or schedule the storage of energy for later delivery, indicating time to start charging, charging rate and/or “charge-by” time
Some additional I-DER functions have been identified as optional in Annex A.5, but are not further considered in this document.


[bookmark: _Toc356910961][bookmark: _Toc368317555]Proposed Phase 1 Basic Autonomous I-DER Functions
The requirements and default settings for the Phase 1 basic autonomous I-DER functions are described in the following subsections.
[bookmark: _Toc365550129][bookmark: _Toc368317556][bookmark: _Toc295576382][bookmark: _Toc296851614][bookmark: _Toc296862085][bookmark: _Toc313800321][bookmark: _Toc316204414][bookmark: _Toc322010745][bookmark: _Toc323908049]Anti-Islanding Protection
[bookmark: _Toc368317557]Purpose of Anti-Islanding Protection
Anti-islanding protection requires I-DER systems to disconnect or otherwise cease to energize an unintentionally created electrical island when the Area EPS is de-energized, with the purpose of ensuring the safety of personnel and equipment that might come in contact with that electrical island.
[bookmark: _Toc368317558]Current Rule 21 Requirements for Anti-Islanding
Rule 21 identifies the anti-islanding protection requirements in IEEE 1547, including the clearing times for voltage and frequency abnormal conditions. 
An additional condition is included in Rule 21 that permits the use of reverse-power relaying at the PCC as positive anti-islanding protection for non-export facilities (G.1.i.Option 1).
[bookmark: _Toc368317559]Issues with Current Rule 21 Anti-Islanding Requirements
The current Rule 21 anti-islanding requirements, reflecting the voltage and frequency disconnection requirements in IEEE 1547, do not permit the voltage ride-through and frequency ride-through functions which are being recommended (see Section 2.2 Low/High Voltage Ride-Through (L/HVRT) and Section 2.3 Low/High Frequency Ride-Through (L/HFRT) of this document).
I-DER systems can meet the recommended anti-islanding ride-through requirements as a separate function. However there may be anti-islanding issues if the additional recommended volt/var capabilities (see Section 2.4 Dynamic Volt/Var Operations) are activated. The primary issue caused by the dynamic volt/var function is how I-DER systems can detect potential islands. 
Currently I-DER systems use a number of methods for detecting possible unintentional islanding situations, including “pushing” against the grid to determine to what degree it resists voltage and/or frequency changes; either the grid is “stiff” (not islanded) or “movable” (possibly islanded). However, if the dynamic volt/var function is activated, the then this islanding detection method may not work in all cases. 
Some possible new methods have been proposed that would coordinate between anti-islanding and volt/var functions. One new method would establish a longer time and a larger voltage change (termed a deadband) that would have to take place before the volt/var function responds to voltage anomalies, thus giving the anti-islanding function time to detect a possible island. Other methods have also been proposed involving a communications signal from utility substations (permissive volt/var signal) whose loss could indicate a power system problem and would deactivate the volt/var function. 
From such discussions, one thing is clear: additional study efforts are needed to determine the best methods and optimal volt/var settings to ensure that anti-islanding operates correctly. 
[bookmark: _Toc368317560]Proposed Anti-Islanding Requirements for Rule 21
Although the Rule 21 requirement to protect the Area EPS from unintentional islanding remains the same, it is proposed that the islanding settings be changed to those identified in Section 2.2 Low/High Voltage Ride-Through (L/HVRT) and Section 2.3 Low/High Frequency Ride-Through (L/HFRT) of this document.
Requirement: Certification testing shall continue to meet the existing anti-islanding protection requirements in Rule 21, except that the references to the disconnect clearing time settings in IEEE 1547 Section 4.2.3 Voltage and Section 4.2.4 Frequency are replaced by the new settings in this document’s proposed High/Low Voltage Ride-Through Section 2.1.6 and the High/Low Frequency Ride-Through Section 2.3. 
[bookmark: _Toc368317561]Proposed Rule 21 Text Modifications for Anti-Islanding 
Rule 21 Section H.1.a.(2) should be revised to reflect the new ride-through settings in this document’s sections 2.1.6 and 2.3.
[bookmark: _Toc368317562][bookmark: _Toc365550130][bookmark: _Ref366844258][bookmark: _Ref366849760][bookmark: _Ref366849788]Benefits of the Proposed New Anti-Islanding Requirements
The proposed expansion of the islanding settings will permit voltage and frequency ride-through (see those sections for the benefits of expanded ride-through settings).
[bookmark: _Ref367786295][bookmark: _Toc368317563]Low/High Voltage Ride-Through (L/HVRT) 
[bookmark: _Toc368317564][bookmark: _Toc365550131]Purpose of L/HVRT
Low/High Voltage Ride-Through (L/HVRT) refers to the connect/disconnect behavior of the I-DER system during anomalous voltage conditions. L/HVRT defines the voltage levels and time durations during which the I-DER system should remain connected to the Area EPS and, similarly, the voltage levels and time durations at which the I-DER system must disconnect. 
The primary purpose of L/HVRT is to require I-DER systems to continue to operate for longer times during voltage anomalies than is currently allowed in IEEE 1547. The reason for this proposed change is that a voltage fluctuation, which causes the voltage to go beyond the normal voltage limits, can often return inside the normal range within a short period of time. However, if high amounts of I-DER generation disconnect during that voltage fluctuation, the voltage may not be able to return to normal, and unnecessary power outages may occur.
[bookmark: _Toc368317565]Current Rule 21 Requirements for L/HVRT
The current Rule 21, based on the IEEE 1547 requirements, does not permit the L/HVRT function to be used.
[bookmark: _Toc368317566]Issues with Current Rule 21 L/HVRT
Since the current Rule 21 does not permit the L/HVRT function to be used, it is expected that increasing numbers of unnecessary outages may occur as increased numbers of I-DER systems are interconnected with the Area EPS. Europeans have recognized this problem, and many of the European country grid codes now require L/HVRT.
In addition, IEEE 1547 is being updated, first as IEEE 1547a to permit extended voltage ride-through ranges to be used. Secondly, the base IEEE 1547 document is expected to be updated in the near future to include the L/HVRT requirements.
[bookmark: _Toc368317567]L/HVRT Function Concepts
For low/high voltage ride through, parameters are used to define the “must disconnect” and “must remain connected” zones by setting the voltage-time pairs for each point Px in Figure 3. The three types of zones are:
Blue “must disconnect” zone of voltage levels versus time. This zone is defined by a combination of the I-DER system safety constraints, local regulatory requirements, and any specific operational situations (anti-islanding requirement).
Pink “remaining connected or disconnecting is allowed” zone of voltage levels versus time. This zone is defined by the area (if any) between the must disconnect and the must remain connected curves.
Yellow “must remain connected” zone of voltage levels versus time. This curve is also defined by a combination of the I-DER system safety constraints, local regulatory requirements, and any specific operational situations (e.g. microgrid creation requirement). However it is understood that external events may cause a I-DER system to disconnect while still in this zone.
Methods for detecting electrical islands should be coordinated with the voltage ride-through settings, so that anti-islanding requirements are not compromised.
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[bookmark: _Ref295043391][bookmark: _Toc295576487][bookmark: _Toc296125066][bookmark: _Toc296862190][bookmark: _Toc313800502][bookmark: _Toc316204530][bookmark: _Toc322010933][bookmark: _Toc325435545][bookmark: _Toc365550163][bookmark: _Toc368317659]Figure 3 – Must disconnect and must remain connected zones
[bookmark: _Toc366947796][bookmark: _Toc366947902][bookmark: _Toc356910976][bookmark: _Toc363812809][bookmark: _Toc365550132][bookmark: _Ref366920994][bookmark: _Toc368317568]Proposed Rule 21 Default Voltage Ride-Through Requirements
Requirement: I-DER systems shall stay connected to the Area EPS if possible while the grid remains within the “must stay connected” voltage-time range, and shall disconnect from the electric grid during a high or low voltage event that is outside that voltage-time range.
The proposed default voltage-time values for Rule 21 are shown in Table 1 (black curves are existing limits, green curves are “stay connected”, and red curves are disconnect) and illustrated in Figure 4 and define the two voltage-time areas in which the I-DER must disconnect and an area within which it should not disconnect (for disturbance ride-through). At the lower voltage levels, it is permitted for the I-DER to reduce power output and cease to export without disconnecting, and may ramp back up if the voltage returns within normal levels. 
In the table, voltage levels are determined by multiplying the voltage level multiplier times the nominal voltage, e.g. 1.17 times 120 volts is 140.4 volts, while 1.17 times 240 volts is 280.8 volts. Different voltage-time settings could be permitted with agreement of the I-DER operator and the Area EPS operator. Manufacturers shall state the supported ranges beyond the default voltage-time settings for their products during certification testing.
[bookmark: _Ref351041676][bookmark: _Toc365550184][bookmark: _Toc368057485]Table 1: Default Rule 21 voltage ride-through voltage-time values	
	Lim
	Voltage Level Multiplier of Nominal Voltage
	Stay Connected Until
	Lim
	Voltage Level Multiplier of Nominal Voltage
	Disconnect by

	c
	
	
	d
	>1.2
	 < 0.16 sec

	c
	1.07-1.17
	12 sec.
	d
	1.1 - 1.2
	13 sec

	
	0.92-1.07
	Indefinite
	
	0.88 – 1.1
	Do not disconnect

	b
	0.7 – 0.92
	20 sec
	a
	0.6 – 0.88
	21 sec

	b
	0.5 – 0.7 
	10 sec
	a
	0.45 – 0.6
	11 sec

	b
	0 – 0.5 
	0.3 sec (range between 0.16 to 2.0 sec)
	a
	0 – 0.45
	2.5 sec
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[bookmark: _Ref351041881][bookmark: _Toc365550165][bookmark: _Toc368317660]Figure 4: Graph of default voltage ride-through settings
[bookmark: _Toc368317569]Proposed Rule 21 Text Modification for L/HVRT
Rule 21 Section H.1.a.(2) and Table H.1 should be revised to reflect the new voltage ride-through settings in section 2.2.5.
[bookmark: _Toc368317570]Benefits of the Proposed L/HVRT Requirements
Fewer power outages will occur due to I-DER systems detecting voltage anomalies and disconnecting before the voltage levels have had time to recover and return within their normal limits.

[bookmark: _Toc365550133][bookmark: _Ref366844285][bookmark: _Ref366849799][bookmark: _Ref366849805][bookmark: _Toc368317571]Low/High Frequency Ride-Through (L/HFRT) 
[bookmark: _Toc368317572][bookmark: _Toc365550134]Purpose of L/HFRT
Low/High Frequency Ride-Through (L/HFRT) refers to the connect/disconnect behavior of the I-DER system during frequency deviations. L/HFRT defines the frequency levels and time durations during which the I-DER system should remain connected to the Area EPS and, similarly, the frequency levels and time durations at which the I-DER system must disconnect. 
The primary purpose of L/HFRT is to require I-DER systems to continue to operate for longer times during frequency deviations than is currently allowed in IEEE 1547. The reason for this proposed change is that a frequency fluctuation, which causes the frequency to go beyond the normal frequency limits, can often return inside the normal range within a short period of time. However, if high amounts of I-DER generation disconnect during that frequency fluctuation, the frequency may not be able to return to normal, and unnecessary power outages may occur.
[bookmark: _Toc368317573]Current Rule 21 Requirements for L/HFRT
The current Rule 21, based on the IEEE 1547 requirements, does not permit the L/HVRT function to be used.
[bookmark: _Toc368317574]Issues with Current Rule 21 L/HFRT
Since the current Rule 21 does not permit the L/HFRT function to be used, it is expected that increasing numbers of unnecessary power outages may occur as increased numbers of I-DER systems are interconnected with the Area EPS. Such widespread outages might have occurred in Europe, if they had not made expensive retrofits of many I-DER systems to include L/HFRT. FERC, in its recent NOPR RM13-2-000, item 46[footnoteRef:5], also identified this potential problem of I-DER systems tripping during low/high frequency events, and recommends preventing automatic disconnections. [5:  RM13-2-000, item 46 “While the German government has ordered the retrofit of thousands of PV systems at significant cost to address its frequency issue, the Commission proposes to prevent such problems with frequency now to mitigate this risk. The proposed revisions to section 1.5.4 of the pro forma SGIA will require the Interconnection Customer to design, install, maintain, and operate its Small Generating Facility, in accordance with the latest version of the applicable standards (IEEE1547 and UL 1741) to prevent automatic disconnection during an over- or under-frequency event and to ensure that rates remain just and reasonable.”] 

In addition, IEEE 1547 is being updated, first as IEEE 1547a to permit extended frequency ride-through ranges to be used. Secondly, the base IEEE 1547 document is expected to be updated in the near future to include the L/HFRT requirements.
[bookmark: _Toc368317575]L/HFRT Function Concepts
There is no system benefit for having a distributed generating resource disconnect during under-frequency conditions until the grid frequency goes below 57 Hz when most conventional resources will have disconnected.  (For an island system like Hawaii or Catalina, even this may be reduced to 56 Hz.)  For over frequency conditions, it is believed that system stability would be enhanced by ramping down I-DER output from its normal levels near 60 Hz to zero near 61 Hz (and back up again as frequency decreases).
Faults will cause temporary phase shifts and changes to zero crossing times which may be misinterpreted as frequency change.  I-DER control and protection systems should be designed to discriminate between these events and act appropriately. 
Methods for detecting electrical islands should be coordinated with the frequency ride-through settings, so that anti-islanding requirements are not compromised.
[bookmark: _Toc365550058][bookmark: _Toc365550135][bookmark: _Toc365550059][bookmark: _Toc365550136][bookmark: _Toc365550060][bookmark: _Toc365550137][bookmark: _Toc365550061][bookmark: _Toc365550138][bookmark: _Toc365550062][bookmark: _Toc365550089][bookmark: _Toc365550139][bookmark: _Toc365550166][bookmark: _Toc365550063][bookmark: _Toc365550140][bookmark: _Toc365550064][bookmark: _Toc365550141][bookmark: _Toc365550142][bookmark: _Ref366923179][bookmark: _Toc368317576]Proposed Rule 21 Default Frequency Ride-Through Requirements
Requirement: I-DER systems shall stay connected to the Area EPS if possible while the grid is within the “must stay connected” frequency-time range, and shall disconnect from the electric grid during a high or low frequency event that is outside that frequency-time range. At a minimum the separation between the “must stay connected” and the “must disconnect” regions will be the “fast trip” time value of 0.16 seconds. 
Inverters shall accommodate, at a minimum, underfrequency and overfrequency operation in compliance with the WECC[footnoteRef:6] Off-Nominal Frequency Load Shedding Plan, as provided in Table 2 and illustrated in Figure 5 and Figure 6. In general the inverter would not trip off line at any frequency greater than 57 Hz or less than 60.3 Hz.  [6:  Western Electricity Coordinating Council (WECC), Off-Nominal Frequency Load Shedding Plan, May 24, 2011] 

[bookmark: _Ref359853285][bookmark: _Toc365550185][bookmark: _Toc368057486]Table 2: WECC Off Nominal Frequency Load Shedding Limits
	Underfrequency Limit 
	Overfrequency Limit 
	Minimum Time* 

	>59.4 Hz 
	< 60.6 Hz 
	N/A (continuous operation) 

	≤59.4 Hz 
	≥60.6 Hz 
	3 minutes 

	≤58.4 Hz 
	≥61.6 Hz 
	30 seconds 

	≤57.8 Hz 
	
	7.5 seconds 

	≤57.3 Hz 
	
	45 cycles 

	≤57.0 Hz 
	≥61.7 Hz 
	Instantaneous trip 


* Minimum Time is the time the inverter should stay interconnected with the I-DER power being supplied to the grid. 
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[bookmark: _Ref365550006][bookmark: _Toc365550167][bookmark: _Toc368317661]Figure 5: WECC L/HFRT ranges in comparison to proposed IEEE 1547a ranges
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[bookmark: _Ref365550015][bookmark: _Toc365550168][bookmark: _Toc368317662]Figure 6: WECC L/HFRT ranges showing possible must-stay-connected band

Requirement: Certification testing shall use the widest range of frequency settings proposed in IEEE 1547a in order to permit I-DER manufacturers to be certified for possible requirements for those wider ranges.
[bookmark: _Ref351044426]The certification testing values are shown in Table 3 and Figure 7. These values provide default interconnection system response to abnormal frequencies as proposed for IEEE 1547a. Manufacturers shall indicate the adjustable ranges of their products for frequency trip points during certification testing. Microgrids may need different default frequency settings. 
[bookmark: _Ref356485655][bookmark: _Toc365550186][bookmark: _Toc368057487]Table 3: Default interconnection system response to abnormal frequencies (IEEE 1547a)
	System frequency
	Frequency settings (Hz)
	Range of adjustability (Hz)
	Default clearing time (s)
	Range of adjustability (s)

	f < 57.0
	57
	53 - 59
	0.16
	0 - 2

	57.0 < f < 60.0
	58.5
	53 - 60
	2
	0 – 300 (or 600 for islands)

	60.0 < f < 61.5
	60.5
	60 - 62
	2
	0 - 300

	60.2 < f < 61.5
	I-DER power reduction permitted

	f > 61.5
	62
	60 - 64
	2
	0 - 300
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[bookmark: _Ref359853186][bookmark: _Toc365550169][bookmark: _Toc368317663]Figure 7: Proposed frequency parameters in IEEE 1547a
[bookmark: _Toc368317577]Proposed Rule 21 Text Modification for L/HFRT
Rule 21 Section H.1.a.(2) and Table H.2 should be revised to reflect the new frequency ride-through settings in Section 2.3.5.
[bookmark: _Toc368317578]Benefits of the Proposed L/HFRT Requirements
Fewer power outages will occur due to I-DER systems detecting frequency deviations and disconnecting before the frequency has had time to recover and return within its normal limits.
[bookmark: _Toc365550143][bookmark: _Ref366850542][bookmark: _Ref366850548][bookmark: _Toc368317579]Dynamic Volt/Var Operations 
[bookmark: _Ref365457835][bookmark: _Toc365550144][bookmark: _Toc368317580]Purpose of Dynamic Volt/Var Operations
Dynamic volt/var operations, also called dynamic reactive power compensation, allow I-DER systems to counteract voltage deviations from the nominal voltage level (but still within normal operating ranges) by consuming or producing reactive power[footnoteRef:7]. Dynamic volt/var “curves” are defined that specify the changes in vars in response to changes in the local voltage measured by the I-DER system (see Figure 8). [7:  Reactive power is measured in volt-ampere reactive units (vars). ] 

The purpose of volt/var operations is to use I-DER systems to help maintain voltage levels within their normal ranges. This capability can be particularly important for I-DER systems (and aggregations of I-DER systems) that may impact the normal voltage range on a feeder, such as those at the end of long, electrically “weak” circuits[footnoteRef:8]. However, dynamic volt/var operations could be used for other purposes such as helping to maintain conservation voltage reduction (CVR) levels. [8:  Weakness and strength of circuits is determined by their “stiffness”, defined as the ability of an Area EPS to resist voltage deviations caused by the I-DER system.] 

[bookmark: _Toc368317581]Current Rule 21 Requirements for Dynamic Volt/Var Operations
Rule 21 permits setting the PF of a I-DER system to a static value, but it does not permit dynamic volt/var operations, based on the IEEE 1547 constraint that the I-DER system cannot actively regulate the voltage at the PCC.
[bookmark: _Toc368317582]Issues with Current Rule 21 Dynamic Volt/Var Operations
Preventing dynamic volt/var operations limits the capability to use I-DER systems to improve the efficiency of the Area EPS. In addition, IEEE 1547 is being updated, first as IEEE 1547a to permit active regulation of voltage at the PCC. Secondly, the base IEEE 1547 document is expected to be updated in the near future and may include additional dynamic volt/var requirements, possibly based on those proposed in this document for Rule 21.
[bookmark: _Toc368317583]Dynamic Volt/Var Operations Concepts
The amount of reactive power can be established by a “curve” defining voltage versus percentage of reactive power. Percentage of reactive power can be calculated as:
Percentage of available reactive power for the measured percentage of the reference voltage. “Available vars” implies the consumption or production of reactive power that does not affect the real power output. 
Percentage of maximum reactive power. In this case, consumption or production of reactive power may affect the real power output.
The volt/var curve using available vars is shown In Figure 8. Hysteresis and deadbands can be included in the curve to dampen unnecessary swings, as shown in Figure 9 and Figure 10. 
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[bookmark: _Ref351044678][bookmark: _Ref351044670][bookmark: _Toc365550170][bookmark: _Toc368317664]Figure 8: Example settings of volt/var mode using available vars
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[bookmark: _Ref363995080][bookmark: _Toc365550171][bookmark: _Toc368317665]Figure 9: Example of volt/var curve with deadbands shown as bands on the curve
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[bookmark: _Ref363995088][bookmark: _Toc365550172][bookmark: _Toc368317666]Figure 10: Example of volt/var curve with hysteresis, with arrows indicating direction of voltage changes
[bookmark: _Toc365550145][bookmark: _Ref366928794][bookmark: _Toc368317584]Proposed Rule 21 Default Dynamic Volt/Var Operation Requirements
Requirement: The I-DER system shall be capable of operating dynamically within a default power factor range of +/- .85 PF for larger (>15 kW) systems, down to 5% of rated power, and +/- .9 PF for smaller systems (<15 kW), down to 20% of rated power, based on available vars, as part of Phase 1 as illustrated in Figure 11. This dynamic volt/var capability shall be able to be activated or deactivated.
I-DER systems are permitted to operate in larger power factor ranges, including in 4-quadrant operations for storage systems, possibly with additional anti-islanding protection. Testing of these larger permissive ranges will be part of Phase 3, but this testing could voluntarily be performed during Phase 1.
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[bookmark: _Ref365457614][bookmark: _Toc365550173][bookmark: _Toc368317667]Figure 11: P-Q capability curve (P: real power; Q: reactive power; S: apparent power)

Requirement: The I-DER system shall be able to consume reactive power in response to an increase in line voltage, and produce reactive power in response to a decrease in line voltage. In general, a curve shall be established that correlates changes in line voltage to reactive power output. Hysteresis and deadbands may be included in the curve to minimize unnecessary changes. See Figures in Section 2.4.1.
Requirement: The I-DER system shall be capable of providing dynamic reactive power compensation (dynamic volt/var operation) within the following constraints: 
The I-DER system output shall not cause the line voltage at the point of common coupling to go outside the requirements of the latest version of ANSI C84.1, Range A. 
The full Range A should be allowed for distribution feeders with customer generation, rather than limiting it to the lower range for CVR. 
The dynamic reactive power compensation function shall not operate within a default total deadband of 2% (i.e. a range of +/-1%) of line voltage at the PCC or as mutually agreed with the Area EPS operator. 
Autonomous operations described above may be superseded by an external signal issued by the Area EPS operator. 
Requirement: The time responses of reactive power compensation of the I-DER system shall be dynamic and adjustable. The default time responses shall be multi-second to avoid problems with anti-islanding mechanisms although shorter time responses could be mutually agreed to. Hysteresis may also be included in the I-DER system to avoid hunting or rapid direction changes. The default deadband is +1% with a range up to +5%.  It shall be possible to provide the prescribed reactive power compensation within the following time constraints: 
Within 10 seconds if reactive power setting is prescribed by autonomous control
Within 5 seconds if reactive power setting is prescribed by external signal which will supersede autonomous settings. 
[bookmark: _Ref351044706][bookmark: _Ref351044698]Requirement: Although different values may be selected upon agreement between the I-DER operator and the Area EPS operator, the default volt/var settings are shown in Table 4.
[bookmark: _Ref356483529][bookmark: _Toc365550187][bookmark: _Toc368057488]Table 4: Examples of volt/var settings
		Voltage Array (% VRef[footnoteRef:9]) [9:  Voltage reference value, such as 120 volts] 

	VAr Array 
(% VArAval[footnoteRef:10]) [10:  Available vars, namely vars that do not impact the output of real power] 


	V1
	97
	Q1
	50

	V2
	99
	Q2
	0

	V3
	101
	Q3
	0

	V4
	103
	Q4
	50



		Settings
	Default Values

	VAr Ramp Rate Limit – fastest allowed decrease in VAR output in response to either power or voltage changes
	50 [%VArAval/s]

	VAr Ramp Rate Limit – fastest allowed increase in VAR output in response to either power or voltage changes
	50 [%VArAval/s]

	Randomization Interval – time window over which mode or setting changes are to be made effective
	60 s





[bookmark: _Toc366947814][bookmark: _Toc366947920][bookmark: _Toc368317585][bookmark: _Toc365550146]Proposed Rule 21 Text Modification for Dynamic Volt/Var Operations
Rule 21 Section H.2.a, H.2.b, H.2.i, and Table H.1 should be revised to reflect the new dynamic volt/var operations requirements in Section 2.4.5. 
[bookmark: _Toc368317586]Benefits of the Proposed Dynamic Volt/Var Operations Requirements
Permitting active voltage regulation at the PCC will allow I-DER systems to compensate for any impacts that their generation might have on the circuit, and can also help maintain CVR voltage levels and stabilize voltage deviations caused by other I-DER systems and loads.
[bookmark: _Toc368317587]Ramp Rates
[bookmark: _Toc368317588]Purpose of Ramp Rates
I-DER systems can ramp the rate of increasing and/or decreasing their power output. These ramp rates are constrained by what the I-DER systems can physically do. For instance, if they are outputting their maximum power, they can ramp down but cannot ramp up, while a completely charged storage system may ramp up (discharge power into the Area EPS) but cannot ramp down. 
The purpose of establishing ramp-up and ramp-down rates for I-DER systems is to help in smoothing out the transitions from one output level to another output level. Although a single I-DER system might not impact the grid through a single sharp transition, aggregated I-DER systems responding to a specific event could cause significant rapid jumps in overall output if they do not ramp to the new level. Such sharp transitions could cause power quality issues such as voltage spikes or dips, harmonics, or oscillations.
[bookmark: _Toc368317589]Current Rule 21 Requirements for Ramp Rates
Neither Rule 21 nor IEEE 1547 addresses ramp rates.
[bookmark: _Toc368317590]Issues with Current Rule 21 on Ramp Rates
Since Rule 21 does not address ramp rates, it would not be possible for specific ramp rates to be required under different situations.
[bookmark: _Ref366936323][bookmark: _Toc368317591]Proposed Ramp Rate Requirements
Requirement: At least three types of ramp-up rates shall be established for use by different functions, although they may optionally be implemented as one general ramp rate. Manufacturers shall indicate the types of ramp-up rates provided in their products during certification testing:
Normal ramp-up rate that is established for transitions between energy output levels, either due to commanded changes or contingent on external situations (such as amount of available solar energy, wind energy, or discharge capacity). The default value is 2% of maximum energy output per second, with a range of adjustment between 0.1%/sec to 100%/sec.
Emergency ramp-up rate that may be used under emergency conditions including after a power system event or changes in irradiance. The default value is 2% of maximum energy output per second or the maximum ramp rate supported by the I-DER, whichever is less.
Soft-start connect ramp-up rate that will be used whenever a disconnected I-DER system is reconnected to the Area EPS. The default value is 2% of maximum energy output per second, with a range of adjustment between 0.1%/sec to 100%/sec.
Requirement: At least three ramp-down rates shall be established for use by different functions, although they may optionally be implemented as one general ramp rate. Manufacturers shall indicate the types of ramp-down rates provided in their products during certification testing:
Normal ramp-down rate that is established for transitions between energy output levels, either due to commanded changes or contingent on external situations (such as amount of available solar energy). The default value is 2% of maximum energy output per second, with a range of adjustment between 0.1%/sec to 100%/sec.
Emergency ramp-down rate that may be used under emergency conditions including changes in irradiance. The default value is 2% of maximum energy output per second or the maximum ramp rate supported by the I-DER, whichever is less.
Soft disconnect ramp-down rate that will be used if possible whenever the I-DER system disconnects from the Area EPS in non-emergency situations. The default value is 2% of maximum energy output per second, with a range of adjustment between 0.1%/sec to 100%/sec.
[bookmark: _Toc368317592]Proposed Rule 21 Text Modification for Ramp Rates
A new section probably under Section H should be added to include the ramp rate requirements in Section 2.5.4.
[bookmark: _Toc368317593]Benefits of the Proposed Ramp Rate Requirements
Establishing the use of ramp rates for moving from one output level to another will help avoid sharp transitions and the consequential power quality problems of voltage spikes or dips, harmonics, and oscillations. 
[bookmark: _Toc365550147][bookmark: _Toc368317594]Fixed Power Factor
[bookmark: _Toc368317595]Purpose of Fixed Power Factor (PF)
The most efficient operation of an Area EPS is if has zero reactive power, and thus has the optimal power factor (PF) of 1.0. However different types of loads and I-DER systems can generate reactive power, thus lowering the PF below the optimal value of 1.0.
The purpose of establishing fixed power factors in I-DER systems is to help compensate for those loads and other I-DER systems that generate reactive power. If, on average, a circuit has a power factor of +0.95, then some of the I-DER systems on that circuit can be set to have a power factor of -0.95.
[bookmark: _Toc368317596]Current Rule 21 Requirements for Fixed Power Factor
Rule 21 does permit fixed power factors to be set by the I-DER systems and/or by the Area EPS operator, but currently limits the power factor values to be between -0.9 and +0.9.
[bookmark: _Toc368317597]Issues with the Current Rule 21 Requirement for Fixed Power Factor
The current limits to the power factor values prevent wider ranges to be requested if they are needed.
[bookmark: _Toc368317598]Fixed Power Factor Concepts
I-DER systems can establish a fixed power factor that can help offset loads and other DER systems that cause the circuit’s power factor to deviate from the optimal value of 1.0.
Although the autonomous fixed power factor must be preset, it is expected that in subsequent phases, this fixed power factor value could be modified for some I-DER systems through communications. 
[bookmark: _Toc368317599]Proposed Fixed Power Factor Requirements
Requirement: The I-DER system shall be capable of operating at a fixed power factor within the range defined in the Dynamic Volt/Var Operation function. The default value is 0.95 PF.
[bookmark: _Ref367779709][bookmark: _Toc368317600]Proposed Rule 21 Text Modification
Rule 21 Section H.2.i should be revised to reflect the new power factor ranges proposed in Section 2.6.6. 
[bookmark: _Toc368317601]Benefits of the Proposed Fixed Power Factor Capability
Establishing fixed power factors can help offset different types of loads and the possible impacts of different types of DER systems. This will permit the circuits to better maintain the optimal PF of 1.0. In particular, when communications are established with I-DER systems, the fixed PF value can be adjusted as needed for matching the circuit’s efficiency needs more closely.
[bookmark: _Toc365550148][bookmark: _Toc368317602]Reconnect by “Soft-Start” Methods
[bookmark: _Toc368317603]Purpose of Reconnection by “Soft-Start” Methods
After an outage when power is restored to the Area EPS, the I-DER systems on that circuit will need to reconnect to start generating power. If all I-DER systems started to output real power exactly at the same time, the circuit could experience a sharp transition which could cause instability and possibly voltage spikes or even sharp frequency increases.
The purpose of the reconnection by “Soft-Start” is to ameliorate these sharp transitions by ramping or staggering the reconnections of the I-DER systems.
[bookmark: _Toc368317604]Current Rule 21 Requirements on Reconnection
Rule 21 specifies the Area EPS voltage and frequency requirements for reconnection, but does not address “soft-start” reconnection requirements.
[bookmark: _Toc368317605]Issues with Current Rule 21 on Reconnection
Although the current Rule 21 does not prevent “soft-start” reconnection requirements, it also does not establish any specific requirements on how to perform such “soft-start” reconnections.
[bookmark: _Toc368317606]“Soft-Start” Reconnection Concepts
After power is restored to a circuit and voltage and frequency have returned within their normal ranges for a specified time period, the I-DER systems will also reconnect and start operating. If all I-DER systems started exactly at the same time with a jump in real power output, the circuit could experience a sharp transition which could cause instability and possibly voltage spikes or even sharp frequency increases or oscillations. 
Two methods can be used to ameliorate such a sharp transition: either the I-DER systems ramp up over time to their normal output level or they randomly reconnect within a time window of a few minutes.
The delay time between power restoration and the reconnection of I-DER systems could also be different depending upon whether the outage was momentary (e.g. less than 5 minutes) or long (e.g. greater than 5 minutes).
[bookmark: _Ref366946410][bookmark: _Toc368317607]Proposed Rule 21 Reconnection Requirements
Requirement: The I-DER system shall determine that the Area EPS is available for reconnection. The I-DER system shall assure that both the voltage level and the frequency are within the normal ANSI B ranges.
Requirement: After the I-DER has disconnected for any length of time, the I-DER system shall delay reconnecting after the voltage and frequency has remained with ANSI B range for a default delay time of 15 seconds. The range of the delay time is the same as in 1547, namely any time within 0-5 minutes or for a fixed 5 minutes.
Requirement: The I-DER system shall reconnect to the Area EPS after power is restored and voltage and frequency measurements are within the allowable range for the specified delay time. This reconnection shall use one (or both) of two soft-start methods:
Ramping up: The I-DER ramps up according to the reconnect ramp-up rate as defined in the Ramp Rates in section 2.5.4.
Randomly within a time window: The I-DER connects randomly within a time window. If the time window is zero, the I-DER system will reconnect immediately. The default time window is 15 seconds, with a range of 0 to 30 seconds.
[bookmark: _Toc368317608]Proposed Rule 21 Text Modifications for “Soft-Start” Reconnection
Rule 21 Section H.1.a.(2) should be revised to reflect the reconnection requirements in Section 2.7.5.
[bookmark: _Toc368317609]Benefits of the Proposed “Soft-Start” Reconnection
By either requiring I-DER systems to ramp up during reconnection or to reconnect randomly within a time window, the sharp transitions and consequential power quality problems of voltage spikes, harmonics, and oscillations can be avoided, including the possibility that the disruptions caused by the reconnection of large numbers of I-DER systems actually precipitates another power outage.
[bookmark: _Toc365550149][bookmark: _Toc368317610]Phase 1 I-DER System Parameters and Monitored Points
[bookmark: _Toc365550150][bookmark: _Toc368317611][bookmark: _Toc275438666][bookmark: _Ref275534247][bookmark: _Toc278198549][bookmark: _Toc295576349][bookmark: _Toc296851581][bookmark: _Toc296862052][bookmark: _Toc313800295][bookmark: _Toc316204385][bookmark: _Toc320452283]Phase 1 I-DER Parameters 
In order to describe how I-DER parameters are to be understood and used in the I-DER functions, it is important to define them. It is understood that there may be many other parameters needed by different types and manufacturer I-DER systems, so this list contains only the basic parameters needed for describing the Phase 1 functions. Some of these parameters will necessarily be mandatory to provide the Phase 1 functions, but many will be optional, depending upon the methods used to implement the functions. The main proviso is that if a particular parameter is used, it should be implemented as having the same definition as included in this list. 
The parameter names are for convenience in referencing, although there is a strong correlation with IEC 61850 names. These I-DER parameters are shown in Table 5.
[bookmark: _Ref278027884][bookmark: _Toc295576499][bookmark: _Toc296125074][bookmark: _Toc296862198][bookmark: _Toc313800509][bookmark: _Toc316204538][bookmark: _Toc322010941][bookmark: _Toc325435553][bookmark: _Toc365550188][bookmark: _Toc368057489]Table 5: Phase 1 I-DER Parameters 
	Parameter name
	Description
	Example Values

	WMax
	The maximum watts that the I-DER system would be able to output. This is a settable limit that may be the same as the nameplate value, or may be (typically) a lower value reflecting actual implementation limit.
	14,500 W

	WChaMax
	The maximum watts that the storage I-DER system would be able to store. This is a settable limit that may be the same as the nameplate value, or may be (typically) a lower value reflecting actual implementation limit.
	14,500 W

	VAMax
	The maximum volt-amps that the I-DER system would be able to provide. This is a settable limit that may be the same as the nameplate value, or may be (typically) a lower value reflecting actual implementation limit.
	16,000 VA

	VAChaMax
	The maximum volt-amps that the storage I-DER system would be able to store. This is a settable limit that may be the same as the nameplate value, or may be (typically) a lower value reflecting actual implementation limit.
	16,000 VA

	VArMax
	The maximum VArs that the I-DER system would be able to provide. This is a settable limit that may be the same as the nameplate value, or may be (typically) a lower value reflecting actual implementation limit.
	12,000 VAR

	CtlHzHiLim
	The hard high frequency limit, as setpoint for the upper level of Hz allowed for the I-DER system. 
	63.2 Hz

	CtlHzLoLim
	The hard low frequency limit, as setpoint for the lower level of Hz allowed for the I-DER system.
	56.3 Hz

	VRef
	The reference voltage or nominal voltage
	120 V

	VRefOfs
	The offset from the reference voltage due to the electrical location of the I-DER system. This may be a setting or may be calculated dynamically from local voltage measurements. 
	2 V

	WGra
	The default ramp rate of change of active power output, that will be used if possible.  Additional types of ramp rates may also exist, such as the reconnect ramp rate or specified ramp rates in commands or schedules. 
	20 % WMax/second

	WChaGra
	The default charging ramp rate for storage devices that will be used if possible. Additional types of ramp rates may also exist, such as an emergency ramp rate or specified ramp rates in commands or schedules.
	15 % WChaMax/second

	PFsign (optional)
	Power factor: sign convention
	1 = IEC; 2 = EEI; 

	PFExt
	Power factor: additional indication of which quadrant is indicated. 
	Underexcited = True; Overexcited = False

	VArAct
	How should the storage I-DER system react when changing between charging and discharging, namely should it reverse var underexcited/overexcited characterization or should it maintain var characterization?
	1 = reverse characterization
2 = maintain characterization

	ClcTotVA (optional)
	Calculation method used for total apparent power calculation (Vector | Arithmetic)
	

	WMaxLimPct
	Percent of reference active power watts as maximum allowed watts output 
	

	VArRef
	Enumeration for reference of reactive power:
Reactive power in percent of Wmax
Reactive power in percent of VarMax
Reactive power in percent of VArAval
	

	VArWMaxPct
	Reactive power in percent of WMax
	10%

	VArMaxPct
	Reactive power in percent of VArMax 
	10%

	VArAvalPct
	Reactive power in percent of VArAval
	50%

	MinRsvPct
	Setpoint for minimum reserve for storage, as a percentage of the nominal maximum storage
	

	WinTms
	Time window (in seconds) within which to randomly execute a command. If the time window is zero, the command will be executed immediately
	

	RvrtTms
	Timeout period (in seconds), after which the device will revert to its default status, such as closing the switch to reconnect to the grid or allowing maximum watts output, in case communications are lost or mitigating messages are not received
	

	OpModPas
	Mode of operation – driven by energy source (e.g. solar, water flow) so generation level is constrained by availability of that energy source
	True; False

	OpModConsW
	Mode of operation – constant watts
	True; False

	OpModConsV
	Mode of operation – constant voltage
	True; False

	OpModConsVAr
	Mode of operation – constant vars
	True; False

	OpModConsPF
	Mode of operation – constant power factor
	True; False

	OpModExIm
	Mode of operation – constant export/import
	True; False

	OpModMaxVAr
	Mode of operation – maximum vars
	True; False

	OpModVOv
	Mode of operation – voltage override
	True; False

	OpModPk
	Mode of operation – peak load shaving
	True; False

	OpModIsld
	Mode of operation – islanded at the ECP
	True; False

	OpModPrc
	Mode of operation – pricing signal
	True; False

	OpModVrt
	Mode of operation – voltage ride-through
	True; False

	OpModFrt
	Mode of operation – frequency ride-through
	True; False

	OpModVVAr
	Mode of operation – dynamic volt/var mode
	True; False

	Voltage ride-through arrays
	High voltage must disconnect array of voltage vs. time
High voltage must stay connected array of voltage vs. time
Low voltage must stay connected array of voltage vs. time Low voltage must disconnect array of voltage vs. time
	4 arrays; 
10 pairs of v-t settings each

	Frequency ride-through arrays
	High frequency must disconnect array of frequency vs. time
High frequency must stay connected array of frequency vs. time
Low frequency must stay connected array of frequency vs. time Low frequency must disconnect array of frequency vs. time
	4 arrays; 
6 pairs of f-t settings each

	Dynamic volt/var arrays
	Voltage vs. vars array
Deadband array for each volt/var segment
Hysteresis volt/var array
	2 arrays;
4 pairs of v-var settings with deadbands for forward hysteresis;
4 pairs of v-var settings for return hysteresis 

	RampTms
	Ramp time, in seconds, for moving from current operational settings to new operational mode settings
	1 second

	RampRte
	Default ramp up or down rate for transitions between output power levels (constrained by DER capabilities), power versus time
	0.2% of max energy output per second

	NomUpRamp (optional)
	Nominal ramp up rate if separate up and down ramp rates are required
	0.2% of max energy output per second

	NomDnRamp (optional)
	Nominal ramp down rate if separate up and down ramp rates are required
	0.2% of max energy output per second

	EmgRampUpRtg 
	Emergency ramp up rate
	0.2% of max energy output per second

	ConnRampDnRtg (optional)
	Disconnection ramp down rate (non-emergency)
	0.2% of max energy output per second

	ConnRampUpRtg (optional)
	Soft-start reconnection ramp up rate
	0.2% of max energy output per second

	RampRtePct
	Setpoint for maximum ramp rate as percentage of nominal maximum ramp rate 
	

	ConnDly
	Delay after voltage and frequency stability is reached before reconnection of the DER system
	10 seconds



[bookmark: _Toc365550151][bookmark: _Toc368317612]Nameplate Information
Some information will be static or nameplate information that will be required for testing purposes. Examples of nameplate information are shown in Table 6.
[bookmark: _Ref363990513][bookmark: _Toc365550189][bookmark: _Toc368057490]Table 6: Nameplate and Static Settings
	Parameter name
	Description
	Example Values

	Manufacturer name
	Text string
	

	Model 
	Text string
	

	Serial number
	Text string
	

	Power converter power rating
	The continuous power output capability of the power converter (Watts)
	

	Power converter VA rating
	The continuous Volt-Amp capability of the power converter (VA)
	

	Power converter var rating
	Maximum continuous var capability of the power converter (var)
	

	Maximum battery charge rate
	The maximum rate of energy transfer into the storage device. (Watts)  This establishes the reference for the charge percentage settings in function INV4.
	

	Maximum battery discharge rate
	The maximum rate of energy transfer out of the storage device. (Watts) This establishes the reference for the discharge percentage settings in function INV4.
	

	Storage present indicator
	Indication of whether or not battery storage is part of this system.
	

	PV present indicator
	Indication of whether or not PV is part of this system.
	

	Time resolution 
	Time resolution and precision 
	

	Source of time synchronization
	Text string
	



[bookmark: _Toc365550152][bookmark: _Toc368317613]I-DER System Monitored Points
Although monitoring of I-DER system values is not directly part of the Phase 1 set of functions, many of these will need to be monitoring during both functional and field testing. Therefore, some of the basic monitored points are included for convenience in Table 7.
[bookmark: _Ref363990560][bookmark: _Toc365550190][bookmark: _Toc368057491]Table 7: I-DER System Monitored Points
	Parameter name
	Description
	Example Values

	Connected
	Connection status of the I-DER system at its Electrical Connection Point (ECP). This connection may be internal to a site or part of an islanded microgrid, so does not necessarily indicate whether the I-DER system is electrically connected to the grid. (See GridModSt for that information)
	Connect/disconnect switch = open

	Local/Remote
	Local/Remote control mode: I-DER system is either under local control or can be remotely controlled

	Local = False
Remote control is possible = True

	GridModSt
	I-DER grid-connected status, indicating whether or not the I-DER system is electrically connected to the PCC

	GridModSt = False

	DERTyp
	Type of I-DER system, such as PV, wind, diesel, storage, etc.
	PV system = 4

	OutWSet
	Active power setpoint
	12,550 W

	OutVArSet
	Reactive power setpoint
	468 Var

	OutPFSet
	Power factor setpoint 
	.95 PF 

	HzStr
	Frequency setpoint 
	60.01 Hz

	Watt
	Present active power output level 
	2,400 W

	VArAval
	Available vars: the amount of vars available without impacting watts output
	

	TotW
	Active power value. Per-phase values can be also be monitored
	

	TotVAr
	Reactive power value. Per-phase values can be also be monitored
	

	PhV (each phase)
	Voltage values per phase; phase-to-ground
	

	TotPF
	Power factor value
	

	AhrRtg
	Capacity rating in amp-hours: the useable capacity of the battery, maximum charge minus minimum charge from a technology capability perspective 
	

	VolAmpr
	Present reactive power output level (VArs per convention indicated in PFExt). This is a signed quantity.
	

	TmAcc
	Time resolution and precision
	

	TmSrc
	Source of time synchronization
	GPS

	Storage capacity rating
	The useable capacity of the battery, maximum charge minus minimum charge from a technology capability perspective (Watt-hours)
	

	Storage state of charge
	Currently available energy, as a percent of the capacity rating (percentage)
	

	Storage available energy 
	State of charge times capacity rating minus storage reserve (Watt-hours)  See storage settings section for definition of “storage reserve”
	

	Storage maximum battery charge rate
	The maximum rate of energy transfer into the storage device. (Watts)  This establishes the reference for the charge percentage settings 
	

	Storage maximum battery discharge rate
	The maximum rate of energy transfer out of the storage device (Watts).This establishes the reference for the discharge percentage settings 
	



[bookmark: _Toc356910962]
SIWG Rule 21 Recommendations for the CPUC		 75
[bookmark: _Toc368317614]Proposed Phase 2 Communications Technologies for I-DER Functions
The requirements for the Phase 2 communication technologies for I-DER functions are described in the following subsections.
[bookmark: _Toc368317615]Purpose of Communication Technologies for I-DER functions
Although the Phase 1 basic I-DER functions can operate autonomously, without communications they cannot be easily activated and deactivated, and the various parameters cannot be updated. In addition, some Phase 3 functions require communications, such as an emergency command from the utility for I-DER systems to decrease or increase output or even to disconnect from the grid. Also functional and security updates can be issued to the I-DER systems without the need to physically go to each site.
These communication capabilities of I-DER systems should be required at the same time as the Phase 1 functions so that manufacturers can design, test, and implement both the functions and the communications for these new smart I-DER systems at the same time, and customers can install them without the necessity to retrofit them at a later date.
[bookmark: _Toc368317616]Current Rule 21 Requirements for Communications
Currently Rule 21 does not address communication requirements for DER systems beyond what is covered in IEEE 1547. Since the current IEEE 1547 includes very limited communication requirements, it is explicitly “technology neutral” with respect to communication technologies. 
However, IEEE 1547.3, which is the Guide for Monitoring, Information Exchange, and Control of Distributed Resources Interconnected with Electric Power Systems, states “[Monitoring, Information exchange, and Control (MIC)] for DR systems should support interoperability between the DR devices and the area EPS. Interoperability is the ability of two or more devices to exchange information and work together in a system. This is achieved by using published object and data definitions, standard commands, and standard protocols.” 
Therefore, to ensure interoperability of the I-DER functions throughout California, it is necessary to define the communications technologies based on the concepts covered in IEEE 1547.3 and using internationally recognized standards where possible. 
[bookmark: _Toc368317617]Issues with the Current Rule 21 Lack of Requirements for Communications
The lack of communication requirements in Rule 21 permits I-DER systems either to not provide any communications capability or to use whatever communication protocols are convenient for the I-DER manufacturer. This lack of communication requirements could lead to a tower of Babel situation, with the utilities needing to use many different protocols to communicate with different types of I-DER systems, and the probable need to retrofit I-DER systems at a later date so that DER owners and utilities can take full advantage of the smart I-DER functions.
Communications for large numbers of disparate types of I-DER systems should be based on a small set of well-designed communication standards. Otherwise there would be a proliferation of different methods, hardware, and software that would lead to a total lack of interoperability. As an example in the cellphone world, if each cellphone manufacturer used their own proprietary communications methods, then people with iPhones would not be able to talk to people with Nokia or Samsung phones – everyone would be required to have one phone of each type so they could call their friends or colleagues.
Therefore it is critical to establish a basic set of communication standards that sets most of the requirements but allows flexibility where it is needed. For instance, I-DER communications could be over the cellphone network, or a utility radio-based network, or even the Internet, just as people can exchange emails via their phones, or their computers, or their iPads. However, the contents of the communications must be understandable regardless of what media is used to transmit it or what applications are used to read it. For instance, email standards have been established so that people can read them in Outlook, Thunderbird, Eudora, or directly on-line.
[bookmark: _Toc368317618]Communication Concepts and Issues
[bookmark: _Toc356910966][bookmark: _Toc357844935][bookmark: _Toc368317619]Hierarchical Configuration of I-DER Systems
Direct control by utilities is not practical nor desirable at this time for the thousands if not millions of I-DER systems “in the field”, so a hierarchical approach is necessary for utilities to interact indirectly with these widely dispersed I-DER systems. Many of these I-DER systems will be small, such as roof-top PV systems which may never require real-time communications, but some I-DER systems, by themselves or in aggregate, may be larger than a few megawatts and could need real-time (seconds) or near-real-time (minutes) monitoring and control.
At the local level, both large and small I-DER systems are expected to manage their own generation and storage activities autonomously most of the time, based on local conditions, pre-established settings, and I-DER owner preferences. However, those I-DER systems that are active participants in grid operations must be coordinated with other I-DER systems and distribution grid equipment, and thus would require communications capabilities. For simple facilities, such as at a residential home, the I-DER controllers would provide these communications capabilities. Larger or more sophisticated customer sites could include Facilities I-DER Energy Management Systems (FDEMS) that could modify these autonomous settings and issue direct commands. The distribution utilities could interact directly with these I-DER systems or through the FDEMS if it is available, to occasionally update settings, to broadcast/multicast operational or pricing signals, and/or to issue control commands. 
In addition, the distribution utilities must interact with regional transmission organizations (RTOs) and/or independent system operators (ISOs) for reliability and market purposes. In some regions, retail energy providers (REPs) are responsible for managing groups of I-DER systems. 
Although in general I-DER systems will be part of a hierarchy, many different configurations of I-DER systems will exist. For instance, small residential PV systems may not include any FDEMS or only simple FDEMS, while large industrial and commercial sites could include multiple FDEMS and even multiple levels of FDEMS. Some I-DER systems will be managed by REPs through demand response programs, while others may be managed (not necessarily directly controlled) by utilities through financial and operational contracts or tariffs with I-DER owners. Some of the larger, more strategically placed I-DER systems, such as storage systems located in substations or large numbers of I-DER systems in a power plant, may be controlled directly by the utility.
For the purpose of understanding and specifying the communication requirements, the first four (4) levels of the 5-Level hierarchical I-DER system architecture[footnoteRef:11] is shown in Figure 12 and described briefly below. In addition, examples of the information models (e.g. IEC 61850 and CIM) and the protocols for transporting the data defined by the models (e.g. DNP3, ModBus, and SEP 2) are shown as yellow arrows. [11:  See draft SGIP DRGS White Paper at http://collaborate.nist.gov/twiki-sggrid/pub/SmartGrid/DRGS/DRGS_Subgroup_B_White_Paper_-_Categorizing_Hierarchical_I-DER_Systems_v2-nm1.docx ] 
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[bookmark: _Ref347075480][bookmark: _Toc368317668]Figure 12: First 4 Levels of the Hierarchical I-DER System Architecture Showing Communication Protocols
1. Level 1 I-DER Systems (green in the Figure) is the lowest level and includes the actual cyber-physical (software plus hardware) I-DER systems themselves. These I-DER systems will be interconnected to local grids at Electrical Connection Points (ECPs) and to the utility grid through the Point of Common Coupling (PCC). These I-DER systems will usually be operated autonomously. In other words, these I-DER systems will be running based on local conditions, such as photovoltaic systems operating when the sun is shining, wind turbines operating when the wind is blowing, electric vehicles charging when plugged in by the owner, and diesel generators operating when started up by the customer. This autonomous operation is controlled by pre-set software values that are established at deployment, although these values may be modified locally by I-DER owner preferences with the concurrence of the EPS operator.
Level 2 Facilities I-DER Management (blue in the Figure) is the next higher level in which a facility I-DER management system (FDEMS) manages the operation of the Level 1 I-DER systems. For simple facilities, such as a residential home, the FDEMS may be combined with the I-DER controllers, basically providing communications capabilities to the Level 1 I-DER systems. If a separate system, the FDEMS may be managing one or two I-DER systems in a residential home (e.g. a PV system and an electric vehicle). Larger FDEMS will be managing multiple I-DER systems in commercial and industrial sites, such as university campuses and shopping malls. Utilities may also use a FDEMS to handle I-DER systems located at utility sites such as substations or power plant sites.
Level 3 Information and Communications Technology (ICT) Infrastructure (red in the Figure) provided the information exchanges beyond the local site to allow utilities and market-based aggregators and retail energy providers (REP) to request or even command I-DER systems (typically through a FDEMS) to take specific actions, such as turning on or off, setting or limiting output, providing ancillary services (e.g. volt/var control), and other grid management functions. REP/aggregator requests would likely be price-based focused on greater power system efficiency, while utility commands would also include safety and reliability purposes. The combination of this level and level 2 may have varying scenarios, while still fundamentally providing the same services, including cyber security. 
Level 4 Distribution Utility Operational Analysis (yellow/brown in the Figure) applies to utility applications that are needed to determine what requests or commands should be issued to which I-DER systems. Utilities must monitor the power system and assess if efficiency or reliability of the power system can be improved by having I-DER systems modify their operation. This utility assessment involves many utility control center systems, including, but not limited to, Distribution Management Systems, Geographical Information Systems, Load Management Systems, Outage Management Systems, Demand Response systems, as well as I-DER database and management systems. Once the utility has determined that modified requests or commands should be issued, it will send these out as per Level 3.
[bookmark: _Toc357844937][bookmark: _Toc368317620]Communication Alternatives
From the I-DER architecture diagram shown above, it is clear that a number of different communication technologies may be used in different environments and for different purposes. More than one type of communication media may be used across a network, different protocols may be involved, and different types of information exchanges may be needed. Cybersecurity needs to be “end-to-end” but different media and protocols use different cybersecurity methods, including different cipher suites, different key management approaches, and different network management methods.
Two basic configurations can be used for translating between different protocols, namely translations within the utility environment and translations within the facility environment. In both cases, a “gateway” or other system provides this translation with two protocol stacks (see Figure 13). The utility and/or I-DER owners could provide these translation gateways.
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[bookmark: _Ref365981766][bookmark: _Toc368317669]Figure 13: Communication gateway for translating protocols
[bookmark: _Toc368317621]Proposed Communication Requirements for Rule 21
It is proposed that the Phase 2 communication technologies be required according to the Phase 2 Test Plan (see Section 5.3.6) and the recommended practices in IEEE 1547.3 “Guide for Monitoring, Information Exchange, and Control of Distributed Resources Interconnected with Electric Power Systems”, but with the understanding that the requirements are at a high level in this document and will need to be defined in more detail as identified in the Phase 2 Test Plan.
Requirement: I-DER systems shall be able to include or add communications capabilities such that they can exchange information with utilities. These communication capabilities may be activated initially or at a later date. It is recommended that the following communications technologies be mandatory in Rule 21 as Phase 2:
1. Provide capability for adding communication modules for different media interfaces 
Provide the TCP/IP internet protocols 
Use the IEC 61850 information model for defining data exchanges 
Support the mapping of the IEC 61850 information model to different communication protocols, including DNP3
Provide cyber security at least at the transport layer, although application layer security would be preferred
Provide cyber security for user and device authentication 
The SIWG is preparing a separate document to identify the details for these communications requirements[footnoteRef:12]. The detailed testing procedures for these communication requirements will be developed during Phase 2. [12:  “CEC/CPUC Smart I-DER Information and Communication Technologies (ICT) Strategies and Alternative Configurations”] 

[bookmark: _Toc368317622]Proposed Rule 21 Text Modifications
A new section in Rule 21 should be developed to reflect the high-level communications requirements, with a reference to the communications document that will be developed during Phase 2 to define the detailed requirements.
[bookmark: _Toc368317623]Benefits of Communications with I-DER Systems
Although the Phase 1 I-DER functions do not explicitly require communications, the full benefits of smart inverter functions can only be gained with the addition of communications. The primary benefits include:
Ability to update default or pre-set parameters to meet changing power system requirements. For instance, if an I-DER system is installed with specific parameter values, but 2 years later, either additional I-DER systems are installed on the same circuit or the circuit itself is reconfigured, then those parameter values may need to be updated
Ability to monitor and control I-DER systems so that the state of the power system can be better understood and managed.
Ability to upgrade smart inverter functions so that new understandings of how I-DER systems interact with power system equipment or impact power system operations can be reflected in improved I-DER functional capabilities. This capability is particularly important since many studies and analyses will need to take place on how best to integrate the smart I-DER functions with existing utility equipment capabilities.
Ability to respond to safety and other emergencies through direct control actions on the I-DER systems.

[bookmark: _Toc368317624]Proposed Phase 3 Additional I-DER Functions 
[bookmark: _Toc368317625]Purpose of the Additional I-DER Functions
The additional I-DER functions shown in the list below can provide significant benefits to safety and power system operations.
Additional I-DER Functions Requiring Communications:
1. Provide emergency alarms and information
1. Provide status and measurements on current energy and ancillary services
1. Limit maximum real power output at the PCC upon a direct command from the utility
1. Support direct command to disconnect or reconnect 
1. Provide operational characteristics at initial interconnection and upon changes
1. Test I-DER software patching and updates 
Additional Autonomous I-DER Functions:
1. Counteract frequency excursions beyond normal limits by decreasing or increasing real power
1. Counteract voltage excursions beyond normal limits by providing dynamic current support 
1. Limit maximum real power output at the PCC to a preset value
1. Modify real power output autonomously in response to local voltage variations 
1. Set actual real power output at the PCC
1. Schedule actual or maximum real power output at specific times 
1. Smooth minor frequency deviations by  rapidly modifying real power output to these deviations
1. Follow  schedules for energy and ancillary service outputs 
1. Set or schedule the storage of energy for later delivery, indicating time to start charging, charging rate and/or “charge-by” time
[bookmark: _Toc367786419][bookmark: _Toc368055646][bookmark: _Toc368057439][bookmark: _Toc368317626][bookmark: _Toc364850789] Current Rule 21 Requirements for Additional I-DER Functions
Currently Rule 21 does not address any of the additional I-DER functions.
[bookmark: _Toc368317627]Issues with the Current Rule 21 Lack of Additional I-DER Functions
Without defining the additional I-DER functions, these very important functions may not be implemented by manufacturers and certainly will not be implemented in interoperable or consistent ways. Therefore it is very important to identify these functions at a high level, with the expectation that further detailed requirements for these additional I-DER functions will be developed during Phase 3, as identified in the Phase 3 Test Plan (see Section 5.3.7).
[bookmark: _Toc368317628]Proposed Additional I-DER Functions for Rule 21
It is recommended that the additional Phase 3 I-DER functions identified in Annexes A.3 and A.4 as mandatory or recommended should be included as high-level requirements in Rule 21.
[bookmark: _Toc368317629] Proposed Rule 21 Text Modifications
A new section in Rule 21 should be developed to reflect the high-level additional I-DER functions, with a reference to a document that will be developed during Phase 3 to define the detailed requirements.
[bookmark: _Toc368317630]Benefits of the Additional I-DER Functions
Each of the additional I-DER functions will provide benefits for different situations as higher penetrations of I-DER and other DER systems increasingly impact traditional distribution operations. These benefits will be further identified during the development of their detailed requirements during Phase 3.


[bookmark: _Toc368317631]Proposed Test Plan
[bookmark: _Toc368317632]Introduction to the Test Plan for Smart I-DER Systems
[bookmark: _Toc364850790][bookmark: _Toc368317633]Scope and Purpose
This document provides a phased Test Plan for testing and validating I-DER systems that include the smart I-DER functions (smart I-DER systems). All I-DER systems that can support these smart I-DER functions must be tested before they will be permitted to interconnect to the utility power systems. 
The purpose of this testing is to ensure that these I-DER systems do not compromise the safety and reliability of the utility’s power system, as well as that they meet the smart I-DER functional requirements as identified in Rule 21.
[bookmark: _Toc352150620][bookmark: _Toc364850791][bookmark: _Toc368317634]Types of Tests
The following types of tests are necessary for ensuring the safety and reliability of the grid:
Internal manufacturer product testing: Manufacturer factory software tests for product functionality, performance, and basic communications before the products are released for external product testing. This testing is expected to be performed but is out-of-scope for this test plan document.
External manufacturer product testing: External product testing provides an independent assessment of product capabilities and conformance to specifications. Successful testing could lead to certification of the products. This testing could be done by NREL, SunSpec Alliance, TÜV Rhineland, DOE SunShot, Sandia, or other testing facility. Combinations of these testing facilities could be used, depending upon the purposes of the testing, funding levels, etc.
Underwriters Laboratory (UL) safety testing:  Utilities will need to work with UL to develop two utility-specific amendments to UL 1741 for UL certification (termed "Special Purpose Utility Interactive" Inverter Test ()). The first amendment should cover the safety requirements for the Phase 1 functions, while the second amendment should cover the safety requirements for the remaining Phase 1 and the Phase 2 functions
Utility product functional and safety testing: Utilities may specify both general and utility-specific requirements. Either the utility will participate in factory acceptance tests at the manufacturer’s site, or will bench test example products, and/or will require utility-specific certification from the external testing processes, including UL 1741 certification, to ensure products meet these utility-specific requirements.
Commissioning and site acceptance testing: Testing of I-DER systems once commissioned covers the proper operation in the field. These tests may include Information and Communications Technology (ICT) testing, and on-going I-DER interconnection testing and experimenting with different settings for the functions.
Periodic interconnection tests: Periodic testing of the I-DER functions should be used to verify continued compliance with the requirements, particularly if changes have been made to the I-DER system, if nearby EPS configurations have been modified, or if significantly more I-DER generation and storage have been added in electrically neighboring locations.
Product interoperability testing: Interoperability testing may be undertaken later when the complete suite ICT is specified and many products have implemented the smart I-DER functions.
[bookmark: _Toc364850792][bookmark: _Toc368317635]Sources of Testing Requirements 
Tests should cover all mandatory and recommended I-DER functions that are specified in Rule 21, including any mandatory information and communications technologies (ICT).
IEEE 1547.1 should be used as a source for updating California testing requirements for the specified I-DER interconnections, but cannot wait for 1547.1a. However, coordination with that update process will be critical.
UL 1741 should be used as source for safety testing certification. Therefore, California utilities should work with UL to update these safety certification requirements to cover the specified functions, using the UL utility-specific amendment process.
Testing requirements for the ICT capabilities need to be defined, preferably using available testing procedures for transport layer communications (layers 1-4/5), DNP3 testing, IEC 61850-to-DNP3 mapping tests, and other IEC 61850-xx mappings. Sandia National Laboratory has developed draft test plans for the IEC 61850-7-420/90-7 I-DER functions and mappings, which can be used as a source for these tests.
[bookmark: _Toc364850793][bookmark: _Toc368317636]Implementation Procedures
[bookmark: _Toc364850794][bookmark: _Toc368317637]UL Certification for Pilot and for Commercial I-DER Systems
The pilot or experimental I-DER systems that are sponsored by California utilities should undergo functional testing of the smart inverter functions, but do not necessarily require UL certification. Since the updating of the UL 1741 certification testing requirements may need many months, the functional testing of pilot I-DER systems could be permitted to take place before the UL certification testing requirements are finalized. 
Nonetheless, UL certification provides manufacturers with assurance that their product testing will meet the ultimate goal of certification for commercial I-DER systems and avoids the need to undertake multiple testing procedures. 
Therefore it is recommended that, in conjunction with the SIWG, UL sponsor the development of the detailed functional testing procedures, with default settings and ranges, so that any UL certification issues can be handled within that process. Products tested with those UL-sponsored testing procedures could then achieve UL certification.
[bookmark: _Toc364850795][bookmark: _Toc368317638]Permissive Implementation Schedules
The functional testing and implementation of I-DER systems could be based on a permissive schedule. In such a permissive schedule, certain milestones would have to be passed, but the next steps could then take place as rapidly or as slowly as the stakeholders agree to, up until the next milestone requirement. These milestones could have expected fixed dates or could result from joint agreements of stakeholders.
The milestones envisioned for permissive implementation schedules include:
Development of California-specific Smart Inverter Functional Testing Procedures for each of the Test groups (Phase 1 functional tests, Phase 2 communication tests, and the Phase 3 and Phase 3 tests), including testing assumptions, testing parameters, and testing compliance pass/fail criteria. 
Utility permission to start deployment and site testing of pilot I-DER systems that have passed the appropriate Smart Inverter Functional Tests.
Development of the California-specific UL 1741 certification document and testing.
Utility permission to start deployment and site testing of commercially-owned I-DER systems that have passed the appropriate Smart Inverter Functional Tests and are UL 1741 certified.
Deadline for all new I-DER implementations to comply with both Smart Inverter Functional Tests and UL 1741 certification.
[bookmark: _Toc364850796][bookmark: _Toc368317639]Staggered Test groups
[bookmark: _Toc355269161]Although ultimately all I-DER functions required by Rule 21 must be conformance tested for all sizes of I-DER systems, this testing can be grouped and staggered over time to permit implementations to move ahead more rapidly in pilot projects and experimental systems. With this staggered testing approach the more critical Phase 1 functions can be implemented and tested first in the larger I-DER installations, with the remaining functions and I-DER sizes tested soon afterwards. 
Therefore, five (5) test groups are defined (see Figure 14):
Test group A: Phase 1 autonomous functions for larger individual I-DER systems > 10kW 
Test group B: Phase 1 autonomous functions for smaller individual I-DER systems < 10 kW 
Test group C: Phase 2 communications capabilities 
Test group D: Phase 3 additional functions in all I-DER systems 
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[bookmark: _Ref360266049][bookmark: _Toc368317670]Figure 14: Staggered Test groups
Test plans for optional I-DER functions are not covered at this time.
[bookmark: _Toc364850797][bookmark: _Toc368317640]Schedules for Permissive Implementations of Staggered Testing of Smart I-DER Functions
Utilities require the conformance testing of I-DER systems according to Rule 21 before these I-DER systems are interconnected to their power systems. 
The testing and deployment of these I-DER systems involve a number of tasks by manufacturers and implementers. Some of these testing tasks may be performed in parallel and/or staggered over time, but must eventually all be undertaken and successfully passed. 
The initial tasks are common to all Test groups, and cover the publishing, review, and comment resolution of the smart I-DER functions and the test plan. The tasks for the different Test groups are covered in separate schedules.
Since subsequent dates in the timeframe may be affected by the completion of tasks on previous dates, both the dates that are the goals for each task and the delta months between tasks are shown in the Tables. If major discrepancies between the goal date and the delta months occur during these test groups, the goal dates will be reviewed. The final milestone date is the most important, so even if intermediate goal dates are not met, the final milestone date for each Group must be achieved.
The dates in the testing tables below are defined as follows:
Milestones are dates by which the required actions should take place. 
Permissive dates are the start time that actions may begin to take place but are not required to take place. 
Other dates are expected or desired dates for actions to take place but are not binding.
A Gantt chart is provided to capture the key scheduling tasks and milestones.


[bookmark: _Toc364850798][bookmark: _Toc368317641]Gantt Chart of Test Plan Implementation Schedule
The following is a Gantt chart of the Test Plan implementation schedule. 
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[bookmark: _Toc364850799][bookmark: _Toc368317642]CPUC-Related Tasks: Review, Comment, and Update CPUC On-Record Documents
The initial tasks include CPUC-required procedures as well as on-going discussions to review, comment, and resolve issues before testing commences. These efforts will result in an updated Candidate I-DER Inverter Capabilities document and an updated Smart I-DER Test plan document. Expected tasks and timeframes are shown in Table 8.  
Although the actual CPUC ruling on these documents may extend beyond the date for updating the documents, it is expected that the staggered testing process can commence.
[bookmark: _Ref356558467][bookmark: _Ref362776726][bookmark: _Toc368057492]Table 8: Initial Tasks: Review, Comment, and Update Documents
	Task
	CPUC-Related Tasks: Review, Comment, and Update CPUC On-Record Documents
	Dates

	I-1
	Draft Smart I-DER Functions Published: The mandatory and recommended smart I-DER functions are published for review and comment by the CPUC in the “Candidate I-DER Inverter Capabilities v15” document. 
	June 21, 2013

	I-2
	Draft Test Plan Published: The draft Test Plan for the smart I-DER systems is published for review and comment by the CPUC in the “Smart I-DER Test plan v5” document.
	June 21, 2013

	I-3
	I-DER Functions Comments Submitted: Stakeholders review the “Candidate I-DER Inverter Capabilities v15” document and submit comments to the CPUC.
	By July 31, 2013

	I-4
	Test Plan Comments Submitted: Stakeholders review the “Smart I-DER Test plan v5” document and submit comments to the CPUC. 
	By July 31, 2013

	I-5
	I-DER Functions Updated: The comments to the “Candidate I-DER Inverter Capabilities v15” document are reviewed while on-going discussions in the Smart Inverter Working Group (SIWG) result in an updated document. The revised “Candidate I-DER Inverter Capabilities” document is submitted to the CPUC.
	By Sept 30, 2013

	I-6
	Test Plan Updated: The draft Test Plan is discussed by the SIWG and updated. The revised “Smart I-DER Test plan” is submitted to the CPUC.
	By Sept 30, 2013

	I-7
	2nd Round of Comments to CPUC: The revised “Candidate I-DER Inverter Capabilities” and the revised “Smart I-DER Test plan” are released for comment, comments are received, and any updates are incorporated.
	By Dec 31, 2013

	I-8
	ALJ Rules: The ALJ rules on the documents, including permission to implement I-DER systems with those functions included in the ruling. The date of the ALJ ruling may impact some of the milestones if they are affected by the contents of the ruling.
	?? By Jan 31, 2014?


[bookmark: _Toc364850800][bookmark: _Toc368317643]Smart Inverter Working Group (SIWG) Tasks
The Smart Inverter Working Group (SIWG) will continue to address tasks related to defining functional and communication requirements as well as the testing procedures for meeting those requirements. These tasks are shown in Table 9.
[bookmark: _Ref362776804][bookmark: _Toc368057493]Table 9: Smart Inverter Working Group Tasks
	Task
	SIWG Tasks: Develop Smart Inverter Testing Procedures
	Milestones

	SIWG-1
	Under UL sponsorship, develop Phase 1 Testing Procedures: Working under the sponsorship of UL and coordinating with the IEEE 1547.1a effort, the SIWG defines the testing procedures, the testing assumptions, the testing parameters for each of the I-DER functions, and the pass/fail criteria for each type of test for Phase 1 functions. These detailed Testing Procedures will become a part of ANSI/UL 1741 to be used to certify the Phase 1 I-DER functions.
	By Mar 31, 2014

	SIWG-2
	Develop Phase 2 Communication Requirements: Working with communication experts and other stakeholders, the SIWG defines the communication and cyber security requirements for I-DER systems interconnected to California power systems.
	By Mar 31, 2014

	SIWG-3
	Under UL sponsorship, develop Phase 2 Communication Testing Procedures: Working under the sponsorship of UL and including communication experts and other stakeholders, the SIWG defines the testing procedures, the testing assumptions, the testing parameters for communications and cyber security, and the pass/fail criteria for each type of test for Phase 2 capabilities.
	By June 30, 2014

	SIWG-4
	Under UL sponsorship, develop Remaining Testing Procedures: Working under the sponsorship of UL and coordinating with the IEEE 1547.1a group and other stakeholders, the SIWG defines the testing procedures, the testing assumptions, the testing parameters for each of the I-DER functions, and the pass/fail criteria for each type of test for the remaining Phase 1 and 2 I-DER functions.
	By June 30, 2014

	SIWG-5
	Update Testing Procedures: As needed, the SIWG will update the testing procedures, coordinating with the test groups and the standards groups with the goal of interoperability.
	By Mar 31, 2015

	SIWG-6
	(Optionally) Assess Utility Operational Issues with Smart I-DER Systems: Since these smart I-DER systems will impact utility operational procedures, the SIWG could optionally study these impacts on California utility operations in conjunction with IEEE 1547 groups and other stakeholders.
	Open



[bookmark: _Toc364850801][bookmark: _Toc368317644]Test group A – Phase 1 Autonomous Functions for Larger I-DER Systems
Test group A covers the testing of Phase 1 autonomous functions for larger I-DER systems that are greater than 10 kW as individual units. Some of the tasks are milestones with dates that will affect subsequent tasks. Some tasks are permissive or expectations of when certain activities may commence, but are not binding. The schedule of tasks is shown in Table 10.
[bookmark: _Ref360273659][bookmark: _Toc368057494]Table 10: Test group A – Phase 1 Autonomous Functions for Larger I-DER Systems
	Tasks
	Test group A – Phase 1 Autonomous Functions for Larger I-DER Systems
	Schedule Goals
	Delta Months

	Grp-A-1
Milestone
	UL Publishes the Revised ANSI/UL 1741: UL publishes the revised ANSI/UL 1741 covering the Phase 1 I-DER functions and the default settings and ranges to be used in testing for Group A.
	By March 31, 2014
	Group A Testing Start (Start Grp-A)

	Grp-A-2
	Start Functional Testing and Certification: Manufacturers are permitted to start the initial external manufacturing product testing and certification of their I-DER systems using the default settings and covering the complete range of adjustment for Phase 1 I-DER functions. 
	April 1, 2014
	Permissive immediately after Milestone

	Grp-A-3
	Start Pilot Installations: Manufacturers and utilities commence the installation of tested and certified I-DER systems in pilot or experimental settings.
	July 1, 2014
	3 months from Start Grp-A

	Grp-A-4
	Commission Pilot Implementations: Manufacturers and utilities commence the commissioning of the pilot I-DER systems after any required site acceptance testing.
	August 1, 2014
	4 months from Start Grp-A

	Grp-A-5
Milestone
	Start Commercial Implementations of I-DER Systems: All new commercial implementations of I-DER systems must meet the Rule 21 Phase 1 requirements. 
	Oct 1, 2015
	18 months from Start Grp-A


[bookmark: _Toc364850802][bookmark: _Toc368317645]Test group B – Phase 1 Autonomous Functions for Smaller I-DER Systems
Test group B covers the testing of the Phase 1 autonomous functions for smaller I-DER systems that are less than 10 kW. The schedule of tasks is shown in Table 11.

[bookmark: _Ref360281620][bookmark: _Toc368057495]Table 11: Test group B – Phase 1 Autonomous Functions for Smaller I-DER Systems
	Tasks
	Group B – Phase 1 Autonomous Functions for Smaller DERs < 10kW
	Schedule Goals
	Delta Months

	Grp-B-1
Milestone
	UL Publishes the Revised ANSI/UL 1741: UL publishes the revised ANSI/UL 1741 covering the Phase 1 I-DER functions and the default settings and ranges to be used in testing for Group B.
	By March 31, 2014
	Group A Testing Start (Start Grp-B)

	Grp-B-2
	Start Functional Testing and Certification: Manufacturers are permitted to start the initial external manufacturing product testing and certification of their I-DER systems using the default settings and covering the complete range of adjustment for Phase 1 I-DER functions. 
	April 1, 2014
	Permissive immediately after Milestone

	Grp-B-3
	Start Pilot Installations: Manufacturers and utilities commence the installation of tested and certified I-DER systems in pilot or experimental settings.
	July 1, 2014
	3 months from Start Grp-B

	Grp-B-4
	Commission Pilot Implementations: Manufacturers and utilities commence the commissioning of the pilot I-DER systems after any required site acceptance testing.
	August 1, 2014
	4 months from Start Grp-B

	Grp-B-5
Milestone
	Start Commercial Implementations of I-DER Systems: All new commercial implementations of I-DER systems must meet the Rule 21 Phase 1 requirements. 
	Oct 1, 2015
	18 months from Start Grp-B



[bookmark: _Toc364850803][bookmark: _Ref367778985][bookmark: _Ref367779033][bookmark: _Toc368317646]Test group C – Phase 2 Communications Capabilities for I-DER Systems
Test group C covers the testing of Phase 2 communications for I-DER systems. This testing covers only the actual communications capabilities, and does not necessarily cover any I-DER functions that might use the communications. However, some I-DER functions could be identified as part of default methods for testing the communications. The schedule of tasks is shown in Table 12.
[bookmark: _Ref362787112][bookmark: _Toc368057496]Table 12: Test group C – Phase 2 Communications Capabilities for I-DER Systems
	Tasks
	Group C – Phase 2 Communications Capabilities for I-DER Systems
	Schedule Goals
	Delta Months

	Grp-C-1
Milestone
	UL Publishes the Second Revision of ANSI/UL 1741: UL publishes the second revision of ANSI/UL 1741, covering the Phase 2 testing procedures for I-DER systems with communications, including the default settings and conditions to be used in testing communications for Group C.
	By June 30, 2014
	Group C Testing Start (Start Grp-C)

	Grp-C-2
	Start Functional Testing and Certification: Manufacturers are permitted to start the initial external manufacturing product testing and certification of I-DER systems with communications including protocol converters and security. UL 1741 testing will be based on the second California-specific amendment.
	July 1, 2014
	Permissive immediately after Milestone

	Grp-C-3
	Start Pilot Installations: Manufacturers and utilities commence the installation of tested and certified I-DER systems with communications in pilot or experimental settings including protocol converters and security.
	Oct 1, 2014
	3 months from Start Grp-C

	Grp-C-4
	Commission Pilot Implementations: Manufacturers and utilities commence the commissioning of the pilot I-DER systems with communications after any required site acceptance testing including protocol converters and security.
	Jan 1, 2015
	6 months from Start Grp-C

	Grp-C-5
Milestone
	Start Commercial Implementations of I-DER Systems All new commercial implementations of I-DER systems must meet the Rule 21 requirements for I-DER systems with communications capabilities.
	Jan 1, 2016
	18 months from Start Grp-C


[bookmark: _Toc364850804][bookmark: _Ref367785539][bookmark: _Toc368317647]Test group D – Phase 3 Autonomous I-DER Functions
Test group E covers the testing of the Phase 3 I-DER functions which require communications capabilities, including the updating of settings for the autonomous I-DER functions in Phase 1. It also covers the testing of the Phase 3 autonomous functions for all I-DER systems. The schedule of tasks is shown in Table 13.
[bookmark: _Ref361758746][bookmark: _Toc368057497]Table 13: Test group D – Phase 3 Autonomous I-DER Functions 
	Tasks
	Group D – Phase 3 Autonomous I-DER Functions
	Schedule Goals
	Delta Months

	Grp-D-1
Milestone
	UL Publishes the ANSI/UL 1741 Updates for Testing the Phase 3 Autonomous Functions: UL publishes the revised ANSI/UL 1741 covering the Phase 3 I-DER functions and the default settings and ranges to be used in testing.
	By Sep 30, 2014
	Group D Testing Start (Start Grp-D)

	Grp-D-2
	Start Functional Testing and Certification: Manufacturers are permitted to start the initial external manufacturing product testing and certification of their I-DER systems using the default settings and covering the complete range of adjustment for the Phase 3 I-DER functions. 
	Oct 1, 2014
	Permissive immediately after Milestone

	Grp-D-3
	Start Pilot Installations: Manufacturers and utilities commence the installation of tested and certified I-DER systems in pilot or experimental settings.
	Jan 1, 2015
	3 months from Start Grp-D

	Grp-D-4
	Commission Pilot Implementations: Manufacturers and utilities commence the commissioning of the pilot I-DER systems after any required site acceptance testing.
	April 1, 2015
	6 months from Start Grp-D

	Grp-D-5 Milestone
	Start Commercial Implementations of I-DER Systems: All new commercial implementations of I-DER systems must meet the Rule 21 Phase 3 requirements. 
	Jan 1, 2016
	15 months from Start Grp-D



[bookmark: _Toc368317648]Proposed Milestones
The key milestones are the following:
[bookmark: _Toc368057498]Table 14: Milestones
	Tasks
	Milestones
	Milestone Dates

	Grp-A-1
Milestone
	UL Publishes the Revised ANSI/UL 1741 with basic autonomous Phase 1 functions 
	March 31, 2014

	Grp-A-5
Milestone
	Start Commercial Implementations of Phase 1 I-DER Systems: 
	October 1, 2015

	Grp-C-1
Milestone
	UL Publishes the Second Revision of ANSI/UL 1741: 
	June 30, 2014

	Grp-C-5
Milestone
	Start Commercial Implementations of I-DER Systems 
	October 1, 2015

	Grp-D-1
Milestone
	UL Publishes the ANSI/UL 1741 Updates for Testing the Phase 3 Autonomous Functions: 
	September 30, 2014

	Grp-D-5 Milestone
	Start Commercial Implementations of I-DER Systems: 
	Jan 1, 2016



[bookmark: _Toc368317649]Conclusions
Rule 21 should be updated to take advantage of new I-DER capabilities and to avoid power system operations problems associated with high penetrations of I-DER systems, including the costly pitfalls that the Europeans encountered. Therefore it is urged that this Rule 21 update take place as rapidly as possible, while understanding the technical and financial constraints of initiating such large changes.




[bookmark: _Toc356910987][bookmark: _Toc368317650]Annex A: Overview of Mandatory, Recommended, Optional I-DER Functions
I-DER functions that can be provided by interconnected I-DER systems to support grid operations are listed in the following subsections. 
Phase 1 includes all the mandatory basic autonomous I-DER functions.
Phase 2 includes the mandatory requirements for information and communications technologies (ICT) for communications with I-DER systems. 
Phase 3 includes the additional recommended I-DER functions.
The I-DER Functions column provides a brief description of the function.
The Description column provides additional information on the purpose and likely use of the function. This information is strictly technical; it does not address financial, regulatory, or legal issues. I-DER systems will only be expected to meet the requirements within their capabilities. Minimum capabilities will need to be established for specific situations.
The Communications Requirements column indicates whether the function is essentially autonomous (not requiring communications), or local (requiring some local communications such as monitoring voltage), or ICT (requiring ICT facilities with the utility or other entity for direct commands, updating settings, establishing schedules, and other information exchanges).
The M/R/O column indicates whether the I-DER function should be identified as mandated (M) or recommended (R) in Rule 21.  Mandated functions must be able to operate at least autonomously, although some functions may also require ICT capabilities. If a function is mandated, all new I-DER systems would be required to provide that function or capability, although the function may not be activated initially. 
The Constraints and Comments column indicates what constraints there should be on the Rule 21 requirements. These include constraints on I-DER size, type of I-DER, location of I-DER, etc.
No specific value has yet been determined to identify a “larger” I-DER system, and this size may vary depending upon the “electrical” environment of the I-DER, including location relative to the substation, the capabilities of neighboring I-DER systems, and the resilience of the grid to perturbations. 
The additional (E) indicates mandated in some European countries. 
[bookmark: _Toc356910970][bookmark: _Toc368317651][bookmark: _Ref347076493]Phase 1: Key Autonomous I-DER Functions
It is recommended that the Phase 1 key autonomous I-DER functions shown in Table 15 should be required (M in the Table) in Rule 21 such that utilities may specify them for new implementations of inverter-based I-DER systems in California, even though these functions may not necessarily be immediately activated. Most, but not all, of the Phase 1 functions are described in IEC 61850-90-7, with extracts provided in the document “Advanced Functions for I-DER Inverters Modeled in IEC 61850-90-7.pdf”[footnoteRef:13]. [13:  Available at http://collaborate.nist.gov/twiki-sggrid/pub/SmartGrid/PAP07Storage/Advanced_Functions_for_I-DER_Inverters_Modeled_in_IEC_61850-90-7.pdf ] 

[bookmark: _Ref356290138][bookmark: _Toc368057499]Table 15: Phase 1 Basic Autonomous I-DER functions
	Phase 1 I-DER Functions
	Description 
	Communication Requirements
	M/R
	Constraints & Comments

	Support anti-islanding to trip off under extended anomalous conditions
	The I-DER system trips off if voltage or frequency limits are exceeded over specified time periods.
Although default trip-off limits settings would be implemented initially, these settings could be modifiable through agreement between the Area EPS and the I-DER operator.
	Autonomous
Local: Monitor voltage
Local: Monitor frequency
	M
	All I-DER systems
(E)

	Provide ride-through of low/high voltage excursions beyond normal limits 
	The I-DER system remains connected during voltage excursions beyond normal limits, based on extended voltage limits during specified time windows. The I-DER system would disconnect only when the ride-through window has expired. 
Although default ride-through settings would be implemented initially, these settings could be modifiable through agreement between the Area EPS and the I-DER operator, based on the technical capabilities of the I-DER system and used to possibly mitigate abrupt losses of generation.
	Autonomous
Local: Monitor voltage
	M
	All I-DER systems
(E)

	Provide ride-through of low/high frequency excursions beyond normal limits 
	The I-DER system remains connected during frequency excursions beyond normal limits, based on extended frequency limits during specified time windows. The I-DER system would disconnect only when the ride-through window has expired. 
Although default ride-through settings would be implemented initially, these settings could be modifiable through agreement between the Area EPS and the I-DER operator, based on the technical capabilities of the I-DER system and used to possibly mitigate abrupt losses of generation.
	Autonomous
Local: Monitor frequency
	M
	All I-DER systems
(E)

	Provide volt/var control through dynamic reactive power injection through autonomous responses to local voltage measurements
	The I-DER system implements volt/var curves that define the available reactive power required at different voltage levels. Settings are coordinated between the utility and I-DER operator.  Available reactive power is defined as what reactive power is available without decreasing real power output.
· I-DER controller contains pre-established volt/var settings, and/or
· Volt/var settings can be updated remotely
	Autonomous
Local: Monitor voltage
ICT: Utility updates volt/var curves
	M

	All I-DER systems but may not always be activated
(E)

	Define ramp rates
	The default ramp rate is established, contingent upon what the I-DER can do. Additional emergency ramp rates and high/low ramp rate limits may also be defined.
	Autonomous
ICT: Utility modifies the ramp rate
	M
	All I-DER systems but may not always be activated

	Provide reactive power by a fixed power factor
	The I-DER system sets the inverter to the specified power factor setting:
· I-DER controller contains pre-established power factor setting, and/or
· Power factor setting can be updated remotely
	Autonomous
ICT: Utility modifies the power factor 
	M

	All I-DER systems
(E)

	Reconnect after grid power is restored
	The I-DER system reconnects to the grid after power is restored using soft-start methods such as ramping up and/or randomly turning on within a time window after grid power is restored, to avoid abrupt increases in generation.. The delay time between power restoration and the start of reconnection is preset, as are the ramping rate and the time window. 
	Autonomous
Local: Monitor voltage
Local: Monitor frequency
	M
	All I-DER systems but may not always be activated
(E)


[bookmark: _Toc356910971][bookmark: _Toc368317652]Phase 2: Communications Technologies for I-DER Functions
It is recommended that standards-based communications technologies necessary for supporting information exchanges between utilities and I-DER facilities and based on the requirements shown in Table 16, should be mandatory for use by all new implementations of I-DER systems requiring communications in California. Details of these communication requirements are in a separate document. The compliance date may be later than for autonomous I-DER functions. 
[bookmark: _Ref356290045][bookmark: _Toc368057500]Table 16: Standards-based communications technologies requirements
	Phase 2 I-DER Communications
	Description 
	Communication Requirements
	M/R/O
	Constraints & Comments

	Provide capability for adding communication modules for media interfaces
	Standard interfaces can connect to different wired and/or wireless media. These media could include utility wireless systems, cellphone GPRS, customer WiFi network, and the Internet.
Utilities would specify which communication interface modules are required for specific implementations.
	ICT: Provide communications between the I-DER system and the utility (possibly through the customer’s FDEMS)
	M 
	The ability to communicate is mandatory, but no specific media is mandated

	Provide the TCP/IP internet protocols 
	Basic Internet transport layer standards of TCP/IP, in particular an IP address.
	ICT: Use common transport layer protocols
	M
	IP address is required. Possibly IPv6 address?

	Use the IEC 61850 information model for defining data exchanges
	Abstract information models for I-DER systems should use the IEC 61850-7-420 and IEC 61850-90-7 for I-DER systems. 
	ICT: Use interoperable data models, even if mapped to different protocols
	M
	Require international standards for information models


	Support the mapping of the IEC 61850 information model to communication protocols 
	I-DER systems should support the ability to map the abstract IEC 61850 information model to standard protocols, such as ModBus, DNP3 (IEEE 1815), IEC 61850 (MMS), SEP 2.0, etc. 
The default protocol that must be supported for communications with a utility is secure DNP3 (IEEE 1815:2012). This protocol may be used between a facility gateway and the utility. The communications between the facility gateway and the I-DER systems may use other protocols. This gateway may be provided by the I-DER owner or by the utility for a fee, reflecting the most economical arrangement.
	ICT: Permit different protocol mappings
	M
	The ability to map from the IEC 61850 information model to protocols is required. Secure DNP3 (IEEE 1815:2012) is mandated for communications with the utilities, possibly through a facility gateway

	Provide cyber security at the transport layer
	Cyber security at the transport layer should be provided, such as Transport Layer Security (TLS) or IEEE 802.11i. 
	ICT: Provide transport layer cybersecurity 
	M
	TLS provides easily implemented standard cybersecurity

	Provide cyber security for user and device authentication 
	Cyber security for user and device identification and authentication should be provided, based on user passwords, device security certificates, and role-based access control. Confidentiality is optional. Public Key Infrastructure (PKI) could be used for key management.
Reference external documents on I-DER cyber security (ISA .99, NISTIR 7628, I-DER cyber security in SGIP DRGS DEWG)
	ICT: Require user and device authentication
	M
	All access to I-DER systems should include authentication
Reference an external document on I-DER cyber security


[bookmark: _Toc368317653]Phase 3: I-DER Functions Requiring Communications
It is recommended that the Phase 3 I-DER functions requiring communication shown in Table 17 should be required (M in the Table) or recommended (R in the Table) in Rule 21 such that utilities may specify them for new implementations of inverter-based I-DER systems, even though these functions may not necessarily be immediately activated.
[bookmark: _Ref362953141][bookmark: _Toc368057501]Table 17: I-DER functions requiring communications
	Phase 3 I-DER Functions with Communications
	Description 
	Communication Requirements
	M/R
	Constraints & Comments

	Provide emergency alarms and information
	The I-DER system (and aggregations of I-DER systems, such as virtual power plants) provides alarms and supporting emergency information via the FDEMS to the utility. This function is feasible only if the ICT infrastructure is available.
	ICT: I-DER system provides alarms and emergency information to utility and/or REP
	M 
	Larger DERs or multiple DERs within a facility

	Provide status and measurements on current energy and ancillary services
	The I-DER system (and aggregations of I-DER systems, such as virtual power plants) provides current status, power system measurements, and other real-time data (possibly aggregated via the FDEMS) to the utility, in order to support real-time and short-term analysis applications. This function is feasible only if the ICT infrastructure is available. (Revenue metering data is provided via alternate means.)
	ICT: I-DER system provides status and measurement values to utility and/or REP
	M 
	Larger DERs or multiple DERs within a facility

	Limit maximum real power output at an ECP or the PCC upon a direct command from the utility
	The utility issues a direct command to limit the maximum real power output at the ECP or PCC. The reason might be that unusual or emergency conditions are causing reverse flow into the feeder’s substation or because the total I-DER real power output on the feeder is greater than some percentage of total load. The command might be an absolute watt value or might be a percentage of I-DER output. This function is feasible only if the ICT infrastructure is available. It might also be used to ensure fairness across many I-DER systems.
	ICT: Utility issues a command to limit the real power output at the ECP or PCC
	M
	Larger DERs or large groups of DERs where ICT capabilities are available


	Support direct command to disconnect or reconnect 
	The I-DER system performs a disconnect or reconnect at the ECP or PCC. Time windows are established for different I-DER systems to respond randomly within that window to the disconnect and reconnect commands. This function is feasible only if the ICT infrastructure is available.
	ICT: Utility or FDEMS issues disconnect or reconnect command 
	R
	Recommended for all I-DER systems but may not always be activated and would require ICT capabilities

	Provide operational characteristics at initial interconnection and upon changes
	The I-DER system provides operational characteristics after its “discovery” and whenever changes are made to its operational status.
	Off-line or ICT: (may be prior to installation) Provide I-DER characteristics information to utility
	R
	Recommended for I-DER systems. Since communications capability is mandatory, can be added later

	Test I-DER software patching and updates 
	Initial I-DER software installations and later updates are tested before deployment for functionality and for meeting regulatory and utility requirements, including safety. After deployment, testing validates the I-DER systems are operating correctly, safely, and securely.
	Off-line, local, or ICT: (may be prior to installation or handled locally) Test I-DER software 
	R
	Recommended for all I-DER systems, using appropriate types of testing


[bookmark: _Toc368317654]Phase 3: Additional Autonomous I-DER Functions
It is recommended that the Phase 3 additional autonomous I-DER functions shown in Table 18 should be required (M in the Table) or recommended (R in the Table) in Rule 21 such that utilities may specify them for new implementations of inverter-based I-DER systems, even though these functions may not necessarily be immediately activated.
[bookmark: _Ref362951323][bookmark: _Toc368057502]Table 18: Phase 3 Additional Autonomous I-DER functions
	Phase 3 Autonomous I-DER Functions
	Description 
	Communication Requirements
	M/R
	Constraints & Comments

	Counteract frequency excursions beyond normal limits by decreasing or increasing real power
	The I-DER system reduces real power to counteract frequency excursions beyond normal limits (and vice versa if additional generation or storage is available), particularly for microgrids. Hysteresis can be used as the frequency returns within the normal range to avoid abrupt changes by groups of I-DER systems.
	Autonomous
Local: Monitor voltage anomalies
ICT: Utility updates frequency response settings
	M
	All I-DER systems but may not always be activated
(E)

	Counteract voltage excursions beyond normal limits by providing dynamic current support 
	The I-DER system counteracts voltage anomalies (spikes or sags) through “dynamic current support”. The I-DER system supports the grid during short periods of abnormally high or low voltage levels by feeding reactive current to the grid until the voltage either returns within its normal range, or the I-DER system ramps down, or the I-DER system is required to disconnect.
	Autonomous
Local: Monitor voltage anomalies
ICT: Utility updates dynamic current settings 
	M
	All I-DER systems but may not always be activated

	Limit maximum real power output at the ECP or PCC to a preset value
	I-DER systems are interconnected to the grid with a preset limit of real power output to be measured at the PCC. The reason might be that the I-DER system is sized to handle most of the local load behind an ECP or the PCC, but occasionally that load decreases below a critical level and the increased real power at the ECP or PCC may cause backflow at the substation and be a reliability concern for the utility.
Most likely for larger I-DER systems.
	Autonomous
Local: Monitor real power output at PCC 
ICT: Utility modifies the PCC limit
	M


	Larger DERs
(E)

	Modify real power output autonomously in response to local voltage variations 
	The I-DER system monitors the local (or feeder) voltage and modifies real power output in order to damp voltage deviations. Settings are coordinated between the utility and I-DER operator. Hysteresis and delayed responses could be used to ensure overreactions or hunting do not occur.
	Autonomous
Local: Monitor voltage
ICT: Utility modifies the real power output settings
	M
	All I-DER systems but may not always be activated

	Set actual real power output at the ECP or PCC
	The utility either presets or issues a direct command to set the actual real power output at the ECP or PCC (constant export/import if load changes; constant watts if no load). The reason might be to establish a base or known generation level without the need for constant monitoring. This is the approach often used today with synchronous generators. This function is feasible only if the ICT infrastructure is available. Meter reads could provide 15-minute energy by the end of the day could provide production information for operational planning.
	Autonomous
Local: Monitor real power output at PCC.
ICT: utility issues a command to modify the real power output at the ECP or PCC including for charging or discharging storage systems 
	M
	Larger DERs or multiple DERs within a facility

	Schedule actual or maximum real power output at specific times 
	The utility establishes (or pre-establishes) a schedule (e.g. on-peak & off-peak) of actual or maximum real power output levels at the ECP or PCC, possibly combining generation, storage, and load management. The reason might be to minimize output during low load conditions while allowing or requiring higher output during peak load time periods. 
	Autonomous
Local: Monitor real power output at ECP or PCC.
ICT: Utility updates the schedule of actual or maximum real power values 
	M
	Larger DERs or multiple DERs within a facility

	Smooth minor frequency deviations by  rapidly modifying real power output to these deviations
	The I-DER system modifies real power output rapidly to counter minor frequency deviations. The frequency-watt settings define the percentage of real-power output to modify for different degrees of frequency deviations on a second or even sub-second basis
	Autonomous
Local: Monitor frequency
ICT: Utility updates the frequency-watt settings
	R

	Recommended for all I-DER systems but may not always be activated

	Follow  schedules for energy and ancillary service outputs 
	The I-DER system receives and follows schedules for real power settings, reactive settings, limits, modes (such as autonomous volt/var, frequency-watt), and other operational settings.
	Autonomous
ICT: Utility, REP, or FDEMS issues schedules to I-DER system
	R
	Recommended for all I-DER systems but may not always be activated

	Set or schedule the storage of energy for later delivery, indicating time to start charging, charging rate and/or “charge-by” time
	For a I-DER system that has storage capabilities, such as battery storage or a combined PV + storage system or a fleet of electric vehicles. Preset time-of-charge values can be established. Settings are coordinated between the utility and I-DER operator.  Different scenarios could include:
· Low load conditions at night are causing some renewable energy to be wasted, so charging energy storage I-DER systems at that time makes power system operations more efficient.
· I-DER controller charges at the specified rate (less than or equal to the maximum charging rate) until the state-of-charge (SOC) reaches a specified level.
· I-DER controller charges at the necessary rate in order to reach the specified SOC within the “charge-by” time.
	Autonomous
ICT: Utility updates the storage settings and/or schedule
	R 
	Recommended for I-DER systems with storage capabilities



[bookmark: _Toc356910974][bookmark: _Ref367720209][bookmark: _Toc368317655]Optional I-DER Functions 
The following I-DER functions shown in Table 19 should be optional. No explicit requirements or test plan is therefore identified for these functions.

[bookmark: _Ref356291788][bookmark: _Toc368057503]Table 19: Optional I-DER Functions 
	Optional I-DER Functions
	Description 
	Communication Requirements
	M/R/O
	Constraints & Comments

	Provide backup power after disconnecting from grid
	The I-DER system, including energy storage and electric vehicles, has the ability to provide real power when the site is disconnected from grid power. The reason is for providing backup power to the facility and possibly black start capabilities. 
	Autonomous
Local: Monitor voltage, frequency, and connected load
	O
	Decision by the I-DER owner/manager

	Provide reactive power through autonomous responses to weather, current, or time-of-day
	The I-DER system implements temperature-var curves that define the reactive power for different ambient temperatures, similar to use of feeder capacitors for improving the voltage profile. Curves could also be defined for current-var and for time-of-day-var.
	Autonomous
Local: Monitor weather conditions
ICT: Utility updates xx-var curves
	O
	Utilities may optionally identify some I-DER systems that could provide this functionality, with agreement by I-DER owner/manager

	Create microgrid (pre-designed)
	After grid power is lost or disconnected, or upon command, the I-DER system enters into microgrid “mode” as either “leading” or “following” the microgrid frequency and voltage, while acting either as base generation or as load-matching, depending upon preset parameters. 
	Autonomous
ICT: Utility or FDEMS issues “microgrid mode” command
	O
	Optional decision by I-DER owners/ managers if the I-DER systems have been designed to support microgrid operations

	Provide low cost energy
	Utility, REP, or FDEMS determines which I-DER systems are to generate how much energy over what time period in order to minimize energy costs. Some I-DER systems, such as PV systems, would provide low cost energy autonomously, while storage systems would need to be managed.
	Autonomous for renewables
ICT: Utility or REP issues real power output requirement to other I-DER systems
	O
	Optional, market driven, and based on capabilities of the I-DER systems

	Provide low emissions energy
	Utility, REP, or FDEMS determines which non-renewable I-DER systems are to generate how much energy in order to minimize emissions. Renewable I-DER systems would operate autonomously.
	Autonomous for renewables
ICT: Utility or REP issues real power output level to other I-DER systems
	O
	Optional, market driven, and based on capabilities of the I-DER systems

	Provide renewable energy
	Utility, REP, or FDEMS selects which non-renewable I-DER systems are to generate how much energy in order to maximize the use of renewable energy. Renewable I-DER systems would operate autonomously.
	Autonomous for renewables
ICT: Utility or REP issues real power output level to other I-DER systems
	O
	Optional, market driven, and based on capabilities of the I-DER systems

	Scheduled, planned, or forecast of available energy and ancillary services
	The FDEMS provides scheduled, planned, and/or forecast information for available energy and ancillary services over the next hours, days, weeks, etc., for input into planning applications. Separate I-DER generation from load behind the PCC. This function is feasible only if the ICT infrastructure is available.
	ICT: FDEMS provides information to utility and/or REP 
	O
	Optional, market driven, and based on capabilities of the I-DER systems

	Issue generation and storage schedules
	The I-DER system provides schedules of expected generation and storage reflecting customer requirements, maintenance, local weather forecasts, etc. This function is feasible only if the ICT infrastructure is available.
	ICT: Provide scheduling information to Utility, REP, or FDEMS
	O
	Optional, and may not always be activated

	Provide black start capabilities
	The I-DER system operates as a microgrid (possibly just itself) and supports additional loads being added, so long as they are within its generation capabilities. This function is feasible only if the ICT infrastructure is available.
	ICT: Utility issues “black start mode” command 
	O
	Optional, market driven, and based on capabilities of the I-DER systems

	Support frequency regulation by direct automatic generation control (AGC) commands
	The I-DER system (or aggregations of I-DER systems) implements modification of real-power output based on AGC signals on a multi-second basis. This function is feasible only if the ICT infrastructure is available.
	ICT: Utility issues AGC commands to modify real power output
	O
	Utilities may optionally identify some I-DER systems that could provide this functionality, with agreement by I-DER owner/manager

	Provide “spinning” or operational reserve as bid into market
	The I-DER system provides emergency real power upon command at short notice (seconds or minutes), either through increasing generation or discharging storage devices. This function would be in response to market bids for providing this reserve. This function is feasible only if the ICT infrastructure is available.
	ICT: Utility issues command for emergency reserve
	O
	Optional, market driven, and based on capabilities of the I-DER systems

	Manage real power output based on demand response (DR) pricing signals 
	The I-DER system receives a demand response (DR) pricing signal from a utility or retail energy provider (REP) for a time period in the future and determines what real power to output at that time. This function is feasible only if the ICT infrastructure is available.
	ICT: Utility or REP issues DR pricing signal 
	O
	Optional, market driven, and based on capabilities of the I-DER systems

	Manage selected ancillary services based on demand response (DR) pricing signals
	The I-DER system receives a DR pricing signal from a utility or retail energy provider (REP) for a time period in the future and determines what ancillary services to provide at that time. This function is feasible only if the ICT infrastructure is available.
	ICT: Utility or REP issues DR pricing signal
	O
	Optional, market driven, and based on capabilities of the I-DER systems

	Initiate automated “discovery” of I-DER systems
	The I-DER system supports its automated “discovery” as interconnected to a location on the power system and initiates the integration process. 
This function is feasible only if the ICT infrastructure is available. Otherwise, manual methods must be used.
	Off-line or ICT: Utility, REP, or FDEMS “discovers” a new or moved I-DER system
	O
	Optional for I-DER systems. Since communications capability is mandatory, can be added later




[bookmark: _Toc368317656]Annex B: Definitions of Terms and Acronyms
	Term 
	Definition

	Anti-islanding
	Protection to prevent a I-DER from energizing an unintentional electrical island

	Area EPS
	Area Electric Power System, an EPS that serves Local EPSs. It is alternately referred to as the utility grid or the distribution power system. It is separated from the Local EPS at the Point of Common Coupling (PCC)

	Area EPS Operator 
	The entity responsible for designing, building, operating, and maintaining the Area EPS

	CEC
	California Energy Commission

	CPUC
	California Public Utilities Commission

	CVR
	Conservation Voltage Reduction

	DER
	Distributed Energy Resource. Sources of electric power that are not directly connected to a bulk power transmission system. DER includes both generators and energy storage technologies, and sometimes may include controllable loads. 

	ECP
	Electrical Connection Point

	EPS
	Electric Power System

	FDEMS
	Facilities I-DER Energy Management Systems

	ICT
	Information and Communications Technologies

	I-DER
	For the purposes of this document, I-DER is defined as inverter-based Distributed Energy Resources

	IEC
	International Electrotechnical Commission

	IEEE
	Institute of Electrical and Electronic Engineers

	Inverter
	A machine, device, or system that changes direct-current power to alternating-current power.

	Island
	A condition in which a portion of an Area EPS is energized solely by one or more Local EPSs through the associated PCCs while that portion of the Area EPS is electrically separated from the rest of the Area EPS.

	ISO
	Independent System Operator

	Local EPS
	An EPS contained entirely within a single premises or group of premises.

	NOPR
	Notice of Proposed Rule Making

	OIR
	Order Instituting Rulemaking

	P
	Real power (measured in watts)

	PCC
	Point of Common Coupling, the point where a Local EPS is connected to an Area EPS.

	PF
	Power Factor (ratio between real power and apparent power, VA/W)

	Q
	Reactive power (measured in volt-ampere reactive or VArs)

	REP
	Retail Energy Provider

	RTO
	Regional Transmission Organization

	S
	Apparent power (measured in volt-ampere or VA) It is the magnitude of the effect of reactive power on real power, in essence measuring the efficiency or useful amount of energy (reactive power is not useful for providing energy). If there is no reactive power, the apparent power is the same as the real power and the PF (ratio of the two) is 1. If there is reactive power, then the apparent power is less than the real power and the PF < 1.

	SIWG
	Smart Inverter Working Group

	Stiffness of a circuit
	As introduced in P1547.7 Draft 10.3 clause 4.4.4, “stiffness” is defined as the ability of an Area EPS to resist voltage deviations caused by the DR or loading. For DR interconnections, the stiffness ratio is generally used as an indicator for PCC’s; the lesser the stiffness ratio, the stiffer or stronger, the PCC. 
IEEE Std 1547.2 defines the stiffness ratio as the relative strength of the Area EPS at the PCC compared with the DR, expressed in terms of the short-circuit kVa of the two systems. 

	Var
	Volt-ampere reactive
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