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[bookmark: _Toc362868389]Introduction to the Testing Plan for Smart DER Systems
This Test Plan for Smart DER Systems document will become an Attachment to the latest version of the document “CEC/CPUC Candidate DER Capabilities: Recommendations for Updating Technical Requirements in Rule 21”[footnoteRef:1]. [1:  Candidate DER Inverter Capabilities vxx.docx] 

[bookmark: _Toc362868390]Scope and Purpose
This document provides a phased Testing Plan for testing and validating DER systems that include the smart DER functions (smart DER systems). All DER systems that can support these smart 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 DER systems do not compromise the safety and reliability of the utility’s power system, as well as that they meet the smart DER functional requirements as identified in Rule 21.
[bookmark: _Toc352150620][bookmark: _Toc362868391]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 testing 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.
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 (QIKF)). The first amendment should cover the safety requirements for the Phase 1a 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 will 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 QIKF certification, to ensure products meet these utility-specific requirements.
Commissioning and site acceptance testing: Testing of DER systems once commissioned covers the proper operation in the field. These tests may include Information and Communications Technology (ICT) testing, and on-going DER interconnection testing and experimenting with different settings for the functions.
Periodic interconnection tests: Periodic testing of the DER functions should be used to verify continued compliance with the requirements, particularly if changes have been made to the DER system, if nearby EPS configurations have been modified, or if significantly more 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 DER functions.
[bookmark: _Toc362868392]Sources of Testing Requirements 
Tests should cover all mandatory and recommended 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 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 requirements. Therefore, California utilities should work with UL to update these safety requirements to cover the specified functions, using the UL utility-specific amendment QIKF 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 DER functions and mappings, which can be used as a source for these tests.
[bookmark: _Toc362868393]Implementation Procedures
[bookmark: _Toc362868394]UL Certification Differences for Pilot vs. Commercial DER Systems
The pilot or experimental DER systems that are sponsored by utilities should undergo functional testing of the smart inverter functions, but do not necessarily require UL certification. Since the updating of the UL 1741 QIKF certification testing requirements may need many months, the functional testing and implementation of pilot DER systems could be permitted to take place before the UL certification testing is finalized.
[bookmark: _Toc362868395]Permissive Implementation Schedules
The functional testing and implementation of 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 Testing Groups (Phase 1a functional tests, Phase 2a communication tests, and the Phase 1b and Phase 2b tests), including testing assumptions, testing parameters, and testing compliance pass/fail criteria. 
Utility permission to start deployment and site testing of pilot DER systems that have passed the appropriate Smart Inverter Functional Tests.
Development of the California-specific UL 1741 QIKF certification document and testing.
Utility permission to start deployment and site testing of commercially-owned DER systems that have passed the appropriate Smart Inverter Functional Tests and are UL 1741 QIKF certified.
Deadline for all new DER implementations to comply with both Smart Inverter Functional Tests and UL 1741 QIKF certification.
[bookmark: _Toc362868396]Staggered Testing Groups
[bookmark: _Toc355269161]Although ultimately all DER functions required by Rule 21 must be conformance tested for all sizes of 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 1a functions can be implemented and tested first in the larger DER installations, with the remaining functions and DER sizes tested soon afterwards. 
Therefore, five (5) testing groups are defined (see Figure 1):
Testing Group A: Phase 1a autonomous functions for larger individual DER systems > 10kW and for aggregations of DER systems > 30 kW at the PCC
Testing Group B: Phase 1a autonomous functions for smaller individual DER systems < 10 kW 
Testing Group C: Development of communications capabilities 
Testing Group D: Remaining autonomous functions in all DER systems 
Testing Group E: Implementation of communications capabilities into all DER systems, starting with the larger DERs
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[bookmark: _Ref360266049]Figure 1: Staggered Testing Groups
Testing plans for optional DER functions are not covered at this time.
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[bookmark: _Toc362868397]Schedules for Permissive Implementations of Staggered Testing of Smart DER Functions
Utilities require the conformance testing of DER systems according to Rule 21 before these DER systems are interconnected to their power systems. 
The testing and deployment of these 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 Testing Groups, and cover the publishing, review, and comment resolution of the smart DER functions and the testing plan. The tasks for the different Testing 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 testing 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.
A Gantt chart is provided to capture the key scheduling tasks and milestones.


[bookmark: _Toc362868398]Gantt Chart of Testing Plan Implementation Schedule
The following is a Gantt chart of the Testing Plan implementation schedule (currently showing only CPUC-Related Tasks, the Smart Inverter Working Group Tasks, and Testing Group A – the other Testing Groups will be added when general agreement on the approach is reached).
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[bookmark: _Toc362868399]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 DER Inverter Capabilities document and an updated Smart DER Testing Plan document. Expected tasks and timeframes are shown in Table 1.  
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]Table 1: Initial Tasks: Review, Comment, and Update Documents
	Task
	CPUC-Related Tasks: Review, Comment, and Update CPUC On-Record Documents
	Dates

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

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

	I-3
	DER Functions Comments Submitted: Stakeholders review the “Candidate 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 DER Testing Plan v5” document and submit comments to the CPUC. 
	By July 31, 2013

	I-5
	DER Function Comments Responded To: The comments to the “Candidate DER Inverter Capabilities v15” document are reviewed and resolved by the Smart Inverter Group. The revised “Candidate DER Inverter Capabilities” is submitted to the CPUC.
	By Sept 30, 2013

	I-6
	Test Plan Comments Responded To: The draft Test Plan is discussed by the Smart Inverter Group and updated. After the formal comments to the “Smart DER Testing Plan v5” document are received, they will also be reviewed and resolved by the Smart Inverter Group. The revised “Smart DER Testing Plan” is submitted to the CPUC.
	By Sept 30, 2013


	I-7
	2nd Round of Comments to CPUC: The revised “Candidate DER Inverter Capabilities” and the revised “Smart DER Testing 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. The ALJ ruling date may affect some of the milestones if they are affected by the ruling.
	?? By Jan 31, 2014?


[bookmark: _Toc362868400]Smart Inverter Working Group Tasks
The Smart Inverter Working Group will continue to address additional tasks related to defining functional and communication requirements as well as the testing procedures for meeting those requirements. These tasks are shown in Table 2.
[bookmark: _Ref362776804]Table 2: Smart Inverter Working Group Tasks
	Task
	SIWG Tasks: Develop Smart Inverter Testing Procedures
	Milestones

	SIWG-1
	Develop Phase 1a Autonomous Testing Procedures: Working with the IEEE 1547.1a group and other stakeholders, the Smart Inverter Working Group defines the testing procedures, the testing assumptions, the testing parameters for each of the DER functions, and the pass/fail criteria for each type of test for Phase 1a functions.
	By Dec 31, 2013

	SIWG-2
	Develop UL 1741 QIKF Certification Requirements: Working with UL, the Smart Inverter Working Group identifies safety issues and defines the requirements for the California-specific UL 1741 QIKF certification. (UL will be responsible for the formal procedures for balloting, comment resolution, and finalizing the certification process.)
	By Mar 31, 2014

	SIWG-3
	Develop Phase 2a Communication Requirements: Working with communication experts and other stakeholders, the Smart Inverter Working Group defines the communication and cyber security requirements for DER systems interconnected to California power systems.
	By Mar 31, 2014

	SIWG-4
	Develop Phase 2a Communication Testing Procedures: Working with communication experts and other stakeholders, the Smart Inverter Working Group 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 2a capabilities.
	By June 30, 2014

	SIWG-5
	Develop Testing Procedures for Phase 1 and 2 DER Functions with Communications: Working with the IEEE 1547.8 group and other stakeholders, the Smart Inverter Working Group defines the testing procedures, the testing assumptions, the testing parameters for each of the DER functions, and the pass/fail criteria for each type of test for Phase 1 and 2 DER functions with communications and cyber security.
	By June 30, 2014

	SIWG-6
	Update Testing Procedures: As needed, the Smart Inverter Working Group will update the testing procedures, coordinating with the testing groups and the standards groups with the goal of interoperability.
	By Mar 31, 2015

	SIWG-7
	(Optionally) Assess Utility Operational Issues with Smart DER Systems: Since these smart DER systems will impact utility operational procedures, the Smart Inverter Working Group could optionally study these impacts on California utility operations in conjunction with IEEE 1547 groups and other stakeholders.
	Open



[bookmark: _Toc362868401]Testing Group A – Phase 1a Autonomous Functions for Larger DER Systems
Testing Group A covers the testing of Phase 1a autonomous functions for larger 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 3.
[bookmark: _Ref360273659]Table 3: Testing Group A – Phase 1a Autonomous Functions for Larger DER Systems
	Tasks
	Testing Group A – Phase 1a Autonomous Functions for Larger DER Systems
	Schedule Goals
	Delta Months

	Grp-A-1
Milestone
	SIWG-1 Task Completed: Smart Inverter Working Group finalizes the detailed functional testing procedures and parameters for Phase 1a DER functions for Group A.
	By Dec 31, 2013
	Group A Testing Start (Start Grp-A)

	Grp-A-2
	Start Functional Testing: Manufacturers are permitted to start the initial external manufacturing product testing of their smart DER systems. 
	Jan 1, 2014
	Permissive immediately after Milestone

	Grp-A-3
	Start Pilot Installations: Utilities expect to commence the installation of tested DER systems in pilot or experimental settings.
	Apr 1, 2014
	3 months from Start Grp-A

	Grp-A-4
	Commission Pilot Implementations: Utilities expect to commission the pilot smart DER systems after site acceptance testing.
	Oct 1, 2014
	9 months from Start Grp-A

	Grp-A-5
Milestone
	SIWG-2 Task Completed: UL and Smart Inverter Working Group develop the California utility-specific UL 1741 QIKF amendment for Phase 1a functions. (Formal adoption may take longer, depending upon UL procedures)
	By Mar 31, 2014
	3 months from Start Grp-A

	Grp-A-6
	UL 1741 QIKF Certification Testing: Manufacturers are permitted to start California-specific UL QIKF certification testing, although the timing of final certification will be the responsibility of UL based on their release of the UL 1741 California amendment.
	Apr 1, 2014
	3 months from Start Grp-A

	Grp-A-7
Milestone
	Commercial Implementations of Larger DER Systems: All new commercial implementations of larger DER systems must meet the Rule 21 Phase 1a requirements. (The milestone date may be affected by the time required by UL to update the California-specific amendment to UL 1741 QIKF for Phase 1a functions)
	July 1, 2015
	18 months from Start Grp-A



Ignore the following sections until we have resolved Testing Group A

Smart DER Testing Plan 	Page 8

[bookmark: _Toc362868402]Testing Group B – Phase 1a Autonomous Functions for Smaller DER Systems
Testing Group B covers the testing of the Phase 1a autonomous functions for smaller DER systems that are less than 10 kW. The schedule of tasks is shown in Table 4.
[bookmark: _Ref360281620]Table 4: Testing Group B – Phase 1a Autonomous Functions for Smaller DER Systems
	Tasks
	Group B – Phase 1a Autonomous Functions for Smaller DERs < 10kW
	Schedule Goals
	Delta Months

	Grp-B-1
	Detailed testing procedures for Group B are finalized.

	By Dec 31, 2013
	Group B Testing Start (Start Grp-B)

	Grp-B-2
	Manufacturers start the initial external manufacturing product testing of their smart DER systems. UL 1741 QIKF testing will be based on the first California-specific amendment.
	Mar 1, 2014
	3 months from Start Grp-B

	Grp-B-3
	Manufacturers start utility-specific product testing of the smart DER functions.
	Jun 1, 2014
	6 months from Start Grp-B

	Grp-B-4
	Utilities commence the installation of tested DER systems in pilot or experimental settings.
	Sept 1, 2014
	9 months from Start Grp-B

	Grp-B-5
	Utilities commission the pilot smart DER systems after site acceptance testing.
	Jan 1, 2015
	12 months from Start Grp-B

	Grp-B-6
Milestone
	Utilities commence system-wide deployment of smart DER systems with autonomous functions. 
	July 1, 2015
	18 months from Start Grp-B


[bookmark: _Toc362868403]Testing Group C – Communications Capabilities for DER Systems
Testing Group C covers the testing of Phase 2a communications for DER systems. The schedule of tasks is shown in Table 5.
[bookmark: _Ref362787112]Table 5: Testing Group C – Phase 2a Communications Capabilities for DER Systems
	Tasks
	Group C – Phase 2a Communications Capabilities for DER Systems
	Schedule Goals
	Delta Months

	Grp-C-1
	Detailed Phase 2a communication requirements and testing procedures for Group C are finalized.
	By Mar 31, 2014
	Group C Testing Start (Start Grp-C)

	Grp-C-2
	The second UL 1741 California utility-specific amendment is finalized for the remaining Phase 1a functions and the Phase 2 functions
	By Mar 31, 2014
	At Start Grp-C

	Grp-C-3
	Manufacturers start the external manufacturing product testing of DER systems with communications including protocol converters and security. UL 1741 QIKF testing will be based on the second California-specific amendment.
	July 1, 2014
	3 months from Start Grp-C

	Grp-C-4
	Utilities require the commencement of utility-specific production testing of DER systems with communications including protocol converters and security.
	Oct 1, 2014
	6 months from Start Grp-C

	Grp-C-5
	Utilities commence the installation of tested DER systems with communications including protocol converters and security in pilot or experimental settings.
	April 1, 2015
	9 months from Start Grp-C

	Grp-C-6
	Utilities commission the pilot DER systems with communications including protocol converters and security after site acceptance testing.
	July 1, 2015
	12 months from Start Grp-C

	Grp-C-7
Milestone
	Utilities commence system-wide deployment of DER systems with communications capabilities.
	Oct 1, 2015
	18 months from Start Grp-C


[bookmark: _Toc362868404]Testing Group D – Remaining Phase 1 Autonomous DER Functions
Testing Group D covers the testing of the remaining Phase 1 autonomous functions for all DER systems. The schedule of tasks is shown in Table 6.
[bookmark: _Ref361758746]Table 6: Testing Group D – Remaining Phase 1 Autonomous DER Functions 
	Tasks
	Group D – Remaining Phase 1 Autonomous DER Functions
	Schedule Goals
	Delta Months

	Grp-D-1
	Detailed testing procedures for the remaining Phase 1 autonomous functions for Group D are finalized.
	By Mar 31, 2014
	Group D Testing Start (Start Grp-D)

	Grp-D-2
	Manufacturers start the external manufacturing product testing of DER systems. UL 1741 QIKF testing will be based on the second California-specific amendment.
	July 1, 2014
	3 months from Start Grp-D

	Grp-D-3
	Manufacturers start utility-specific product testing of the smart DER functions.
	Oct 1, 2014
	6 months from Start Grp-D

	Grp-D-4
	Utilities commence the installation of tested DER systems in pilot or experimental settings.
	April 1, 2015
	9 months from Start Grp-D

	Grp-D-5
	Utilities commission the pilot smart DER systems after site acceptance testing.
	July 1, 2015
	12 months from Start Grp-D

	Grp-D-6
Milestone
	Utilities commence system-wide deployment of smart DER systems with autonomous functions. 
	Oct 1, 2015
	18 months from Start Grp-D


[bookmark: _Toc362868405]Testing Group E – DER Functions Requiring Communications Capabilities
Testing Group E covers the testing of Phase 2b for DER functions requiring communications capabilities, including the updating of autonomous DER function settings. The schedule of tasks is shown in Table 7.
[bookmark: _Ref361758872]Table 7: Testing Group E – Phase 2b DER Functions Requiring Communications Capabilities
	Tasks
	Group E – Phase 2b DER Functions Requiring Communications Capabilities
	Schedule Goals
	Delta Months

	Grp-E-1
	Detailed testing procedures for Group E are finalized, including the updating of autonomous DER function settings.
	By Mar 31, 2014
	Group E Testing Start (Start Grp-E)

	Grp-E-2
	Utilities require commencement of the external manufacturing product testing of smart DER functions with communications including protocol converters and security.
	Apr 1, 2014
	3 months from Start Grp-E

	Grp-E-3
	Utilities require the commencement of utility-specific production testing of smart DER functions with communications including protocol converters and security.
	July 1, 2014
	6 months from Start Grp-E

	Grp-E-4
	Utilities commence the installation of tested DER systems with autonomous functions in pilot or experimental settings.
	Oct 1, 2014
	9 months from Start Grp-E

	Grp-E-5
	Utilities commission the pilot smart DER systems with autonomous functions after site acceptance testing.
	April 1, 2015
	12 months from Start Grp-E

	Grp-E-6
Milestone
	Utilities commence system-wide deployment of smart DER systems with communications.
	Oct 1, 2015
	18 months from Start Grp-E
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Testing Group A:

Phase 1a Autonomous functions for:

·

Larger individual DER systems > 

10kW and 

·

Aggregations of DER systems > 30 

kW at the PCC

Testing Group B:

Phase 1a Autonomous functions for:

· Smaller individual DER systems < 

10 kW

Testing Group E:

Communications implemented on:

·

All DER Systems 

Testing Group C:

Communications Capabilities:

·

IEC 61850 Information Model

·

Mapping to Protocols

·

Cyber Security 

Testing Group D:

Remaining Autonomous functions for:

· All DER Systems


