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Plug-In Electric Vehicle (PEV) as CA Rule 21 Distributed Energy Resource (DER)
Use Case Summary
The increased penetration of DER Systems (such as rooftop solar) is impacting the stability, reliability and efficiency of the power grid.  Utilities are deploying technologies and policies to mitigate these impacts including California Rule 21, which allows utilities to coordinate DER System’s response to grid conditions such as voltage and frequency.
The penetration of PEV’s is likewise increasing, and in some cases also impacting power grid stability.    The problem of increased PEV penetration can be part of the solution to increased DER penetration by treating PEV charging (and/or V2G)inverter capabilities as a DER in addition to more traditional methods of managing PEV charging (and/or V2G) such as Demand Response (DR) and Flow Reservation (FR).
Use Case Detailed Narrative
DER systems challenge traditional power system management. These increasing numbers of DER systems are also leading to pockets of high penetrations of these variable and uncoordinated sources of power that impact the stability, reliability, and efficiency of the power grid.
At the same time, DER systems may be very powerful tools in managing the power system for reliability and efficiency. Current DER Systems can change the real power output, voltage levels, power factor, and other electrical characteristics, and can be used to improve the power system efficiency, so long as they operate within the capabilities of the DER system that they are managing and within the standard requirements for interconnecting the DER to the power system.
Regulatory Precedence

In April 2016 the CPUC released Blah blah on how the PEV takes part
This use case is intended to work in conjunction with other PEV related use cases such as demand response based use cases, pricing base use cases, etc.
This use case covers four scenarios:
1. PEV varies charge curtailment (positive curtailment only) in response to power grid voltage and/or frequency
2. PEV varies charge curtailment (positive and negative curtailment around a nominal) in response to power grid voltage and/or frequency
3. PEV varies charge VAr in response to power grid voltage and/or frequency
PEV covers scenarios 1 through 3 for both charge and discharge (V2G) in addition to scenarios covered by current DER Systems Rulemaking 13-11-007 CAP/jt2 which directly addressed the need for utilities to consider the accommodation of grid-connected electric vehicles in the Rule 21 interconnection requirements (see Section 3.8 Promote Safety, pg 26/7). The section reads:

The projects and investments proposed in the TE applications of the electric utilities must also meet the safety concerns expressed in the interests of ratepayers’ section of Pub. Util. Code §§ 740.12(b) and 740.8, and in Pub. Util. Code § 451. These safety-related concerns include the construction, interconnection, and operation of such projects and investments, and the impact on utility workers, the electricity customer, and the driver of the electric vehicle. In particular, VGI programs that schedule the recharging or discharge of a driver’s vehicle batteries must specifically be designed with technologies that treat the preservation of customer’s mobility preferences as a paramount safety concern. The TE applications shall address any safety-related issues with the proposed projects and investments in the TE applications, including conforming their Electric Rule 21 to accommodate Society of Automotive Engineers Standards for certifying the safety of grid-connected electric vehicles in order to reduce barriers that prevent electric transportation from acting as storage devices. 

Furthermore, the 2013 CPUC Vehicle-Grid Integration Whitepaper (Langton & Crisostomo) calls for 4 unique use cases which outline VGI scenarios. The fourth, Bi-directional power flow (V2G), is called for once automakers indicate that commercial technologies are available. On January 5th, 2017 Nissan’s Senior Vice President announced significant advancements to integrate EVs as an alternative energy resource. Commercial Nissan products including the “Leaf to Home” power system is available in Japan today, over 4,000 Nissan drivers currently use this to manage home energy use. Honda has also announced they are commercially investigating bi-directional power flow for upcoming models of electric vehicles.

Considering the timeline of the utility infrastructure programs, and that the next phase of installation will likely start in 2019, it is prudent to consider the capabilities of vehicles rapidly approaching the market, and build for future grid integration and optimization.
Rule 21 Smart Inverter Function Sets

The function sets defined in the Common Smart Inverter Profile (CSIP) dictate what smart inverters shall be capable of when complying with California Rule 21 Interconnection Requirements. A PEV system including power supply, EVSE unit, inverter function, and battery storage onboard the PEV, should be considered when defining the services and methods of integration for PEVs and the California electrical grid. 

Phase 1 Functions 4 and 6 are especially relevant for PEVs as a DER function and should be considered when defining the function set of communication standards. While Phase 3 is still in the process of being defined, Functions 1 and 2 are the highest priorities for the Utilities, which are functionalities that PEVs as a DER can serve.

Phase 1 Requirements: Autonomous Functions
 
1. Anti-Islanding Protection: Revise Electric Tariff Rule 21, Section H.1.a.(2) to reflect proposed new voltage ride-through settings
2. Low and High Voltage Ride-Through: Revise Electric Tariff Rule 21, Section H.1.a.(2) and Table H.1 to reflect proposed new default voltage ride-through requirements;
3. Low and High Frequency Ride-Through: Revise Electric Tariff Rule 21, Section H.1.a.(2) and R21 Table H.2 to reflect proposed new frequency ride-through settings;
4. Dynamic Volt-Var Operation: Revise Electric Tariff Rule 21, Sections H.2.a, H.2.b, H.2.i and R21 table H.1 to reflect proposed new dynamic volt/var operations requirements; 
5. Ramp Rates: Add new Electric Tariff Rule 21 subsection within Electric Tariff Rule 21, Section H to include proposed new ramp rate requirements;
6. Fixed Power Factor: Revise Electric Tariff Rule 21, Section H.2.i to reflect the proposed new fixed power factor requirements;
7. Soft Start Reconnection: Revise Electric Tariff Rule 21, Section H.1.a.(2) to reflect proposed new reconnection by soft-start method.

Phase 2 Requirements: Add communications to configure Phase 1 Functions
 
Phase 3 Requirement: Advanced Inverter Functions
1. Frequency/Watt
2. Volt/Watt
3. Monitoring
4. Connect/Disconnect
5. Set Max Active Output
6. Set Active Power Setpoint
7. Scheduling
8. Dynamic Reactive Current (this function may not be required)
Business Rules & Assumptions
· PEV Customer has an account with utility and electrical service at a premise served by the utility
· PEV and utility may have communications capabilities, enabled by utility provided Energy Services Communication Interface (ESCI)
· The customer awareness of the utility and vehicle programs is prompted by both the utility providers and the vehicle manufacturers.
· The utility offers PEV programs and services for its customers and will provide the necessary support processes for enrollment, communications, and billing
· The Vehicle manufacturers would provide information to the customer about fuel and/or emission gains of the vehicles offered and promote the utility and convenience of connecting to the grid
· Utility shall maintain information on all Customers and PEVs enrolled in the PEV programs, including DER programs, associated PEV IDs, customer IDs, and premise IDs.
· In the absence or failure of PEV-utility communications, or if PEV ID validation fails, PEV charging will always proceed; however, without the incentive rates and with all energy charges accruing to the premise customer according to the premise customer’s default rate/service plan.
· PEV is capable of measuring supplied voltage and/or frequency and responding based on DER curve functionality by varying the load or generation presented to the power grid
· End Use Measurement Device (EUMD), either fixed or mobile, is always available for energy validation of PEV charging. If not available, charging will proceed, but with limitations on incentive rates and with all energy charges accruing to the premise customer. This may or may not prevent certain charging status indicators / metrics being available to customer for presentation/display purposes.
· EUMD function can be inclusively located anywhere in a zone from the PEV and the branch circuit panel connection.
· To allow for possibility of the EUMD being a part of/within the PEV, PEV is a sub-meter to the primary utility billing meter at any premise (as opposed to being a separate service account with dual meter socket adapter)

This use case is intended to work in conjunction with other PEV related use cases such as demand response based use cases, pricing base use cases, etc.

Reference Use Cases:
DER V2G-DC (EVSE Direct): EVSE and PEV serve as DER using EVSE power conversion
DER V2G-AC (PEV Direct): EVSE and PEV serve as a DER using onboard power conversion

Actors
Describe the primary and secondary actors involved in the use case. This might include all the people (their job), systems, databases, organizations, and devices involved in or affected by the Function (e.g. operators, system administrators, customer, end users, service personnel, executives, meter, real-time database, ISO, power system). Actors listed for this use case should be copied from the global actors list to ensure consistency across all use cases. 
 
	Actor Name
	Actor Type (person, device, system, etc.)
	Actor Description

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




Step by Step analysis of each Scenario
Describe steps that implement the scenario. The first scenario should be classified as either a “Primary” Scenario or an “Alternate” Scenario by starting the title of the scenario with either the work “Primary” or “Alternate”. A scenario that successfully completes without exception or relying heavily on steps from another scenario should be classified as Primary; all other scenarios should be classified as “Alternate”. If there is more than one scenario (set of steps) that is relevant, make a copy of the following section (all of 3.1, including 3.1.1 and tables) and fill out the additional scenarios. 

Primary Scenario: <Insert>

	Triggering Event
	Primary Actor
	Pre-Condition
	Post-Condition

	(Identify the name of the event that start the scenario)
	(Identify the actor whose point-of-view is primarily used to describe the steps)
	(Identify any pre-conditions on actor states necessary for the scenario to start)
	(Identify the post-conditions or significant results required to consider the scenario complete)

	
	
	
	



Steps for this scenario
Describe the normal sequence of events that is required to complete the scenario. 

	Step #
	Actor
	Description of the Step
	Additional Notes

	#
	What actor, either primary or secondary is responsible for the activity in this step?
	Describe the actions that take place in this step. The step should be described in active, present tense.
	Elaborate on any additional description or value of the step to help support the description. Short notes on architecture challenges, etc. may also be noted in this column.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	





	Glossary

	Term
	Definition

	PEV
	Plug-in Electric Vehicle

	DER
	Distributed Energy Resource

	California CA Rule 21
	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.

	DR
	Demand Response

	FR
	Flow Reservation

	V2G
	Vehicle-to-Grid

	ESCI
	Energy Services Communication Interface

	EUMD
	End Use Measurement Device

	TE
	Transportation Electrification

	EV
	Electric Vehicle

	CPUC
	California Public Utility Commission

	EVSE
	Electric Vehicle Service Equipment

	CSIP
	Common Smart Inverter Profile
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