Use Case Title
Residential Peak Demand Management (Evening Ramp)
Use Case Summary
A residential peak demand occurs predominantly in the late afternoon through the early evening hours. This is when customers are returning home after work; turn on the lights, turn on the heating system or the air conditioning system depending on the season of the year, turn on plasma TVs, plug in laptops and smart phones, and plug in their electric vehicles. 

One of the issues that exacerbates the negative impact of this peak demand on the grid is that PV generation recedes in the late afternoon causing an under supply of energy generation required to meet this demand. The Independent System Operators (ISO) prepares to meet these upward ramps using conventional generation that includes many long-start resources needing time to come on line to support the upcoming ramps. This is relative to the California Duck Curve which reflects that in 2020 the estimated required ramp up in energy generation could be 13,000 MW during the period from 5pm to 9pm. 

[bookmark: _GoBack]This use case is to address mitigation of the peak demand in the residential sector through load management scenarios directed at affecting customer behavior for PEV charging which can represent an average load of 3 to 5 kilowatts per PEV household. 1.5 million PEVs in California could constitute up to 4.5 GW of load. The PEV load management methodologies are to include Dynamic Pricing, curtailment (Demand Response), and integrated distributed energy resource (DER) utilization of vehicle to grid (Reverse Power Flow) technology. 
Use Case Detailed Narrative
Residential PEV load management methodologies for mitigation of the evening peak demand ramp address the following scenarios. 

Dynamic Pricing Signals – Utilities will define pricing for specific events or time of day durations based on energy wholesale market pricing determinations and variability in grid conditions such as end of daytime reduction in PV generation. 
· Real-time pricing (RTP) - pricing rates that generally apply to usage on an hourly basis due to unforeseen critical or emergency grid conditions.
· Variable Peak Pricing (VPP) - a hybrid of time-of-use and real-time pricing where the different periods for pricing are defined in advance (e.g., on-peak=6 hours for summer weekday afternoon; off-peak = all other hours in the summer months), but the price established for the on-peak period varies by utility and market conditions.
· Critical peak pricing (CPP) - when utilities observe or anticipate high wholesale market prices or power system emergency conditions, they may call critical events during a specified time period (e.g., 3 p.m.—6 p.m. on a hot summer weekday), the price for electricity during these time periods is substantially raised. Two variants of this type of rate design exist: one where the time and duration of the price increase are predetermined when events are called and another where the time and duration of the price increase may vary based on the electric grid’s need to have loads reduced.
The pricing programs listed above are commonly referred to as dynamic pricing because prices are not known with certainty ahead of time. 

Curtailment (Demand Response Event) - Utilities establish programs through 3rd party aggregators of PEVs and /or EVSEs to monitor and communicate residential aggregated or regional specific PEV load status; and communications for transmitting and executing utility specified DR event signals (date, time, duration, region (i.e. SubLAP)). Customer will have opt-in/out rights per their preferences and the PEV determined charging needs, as constrained by time charge is needed and SOC of the vehicle. ISO DR programs are also relevant which may require aggregator to provide DR capacity bids into the wholesale energy market, and may require consolidation with other DR providers to meet ISO minimum participation thresholds.  (CAISO is developing guidelines and procedures for inclusion of DR as an energy market resource) 

Vehicle to Grid (V2G) – is the capability of a PEV to provide an interconnection to the grid for the purposes of providing energy onto the grid from the on-vehicle battery system or rechargeable energy storage system (RESS).  Benefit is the ability to add generation to the grid to support the peak demand ramp. This will require monitoring and communications between the utility and the aggregator and the PEV; and can be initiated as an excess supply demand response feature and eligible as a DER for purposes of participating in the DERP program being developed by the CAISO. 
Business Rules & Assumptions
1. Monitoring, communications, and control of the residential PEV load will be facilitated through aggregators from the Utility or Distribution Service Operator (DSO) and ISO, or for California, a CAISO authorized Schedule Coordinator. 
2. Aggregators will perform residential customer enrollment processes per the requirements of the cognizant utility and/or ISO. 
3. Customer incentives for participating in the PEV load management programs will be either based on energy cost savings associated with shifting charging load to avoid periods of high Dynamic pricing, incentives or discounts provided by the utility for performance in response to DR Event signals, or compensation provided by the aggregator from revenues generated for participation in wholesale energy markets and utility capacity bidding programs. 
4. Measurement and verification will be based on the individual program requirements delineated by the utility or ISO, and is the responsibility of the aggregator to ensure compliance to the requirements. 
5. PEV customers in the context of this use case assumes the PEV owner and the residential service account holder is the same.
6. PEV customers can manage participation in events (e.g., Opt-out or Opt-in) either in real time or as previously agreed.







Actors
. 
 
	Actor Name
	Actor Type (person, device, system, etc.)
	Actor Description

	PEV - Plug in Battery Electric Vehicle or Plug in Hybrid Electric Vehicle 
	Device
	The end node for aggregator load management signals that can be communicated through the charging cable or directly via telematics

	Aggregator
	System
	Entity that manages a group of PEVs or EVSEs for the purposes of providing grid services through a communications network for monitoring, measurement and control 

	Electric Vehicle Supply Equipment (EVSE)
	Device
	Charging equipment that may be the end node for aggregator load management signals or may contain a gateway/bridge allowing for the load management signal to be sent to the PEV

	California Independent System Operator (CAISO)
	System
	Entity that oversees the operation of California's bulk electric power system, transmission lines, and electricity market generated and transmitted by its member utilities

	Service Account Holder
	Person
	The owner or leaser of any single residence or residential facility that is responsible for paying the energy and demand cost for PEV charging.  Assumed to be the same as the PEV customer

	Customer
	Person
	The person who is responsible for charging the vehicle and making decisions for charging. Assumes same as the service account holder.

	Distribution System Operator
	System
	Entity responsible for operating the electricity distribution system in a given area.

	Utility
	System
	A company in the electric power industry that engages in electricity generation and distribution of electricity for sale generally in a regulated market







Alternate Scenario: Dynamic Pricing Event Signals

	Triggering Event
	Primary Actor
	Pre-Condition
	Post-Condition

	[bookmark: _Hlk484140851]Utility or DSO forecasts or observes an imbalance of load vs generation and transmits dynamic price signal
	Aggregator
	Utility/Aggregator/Customer Program contracts are in place. 
	Generation has been restored and the load shedding event has concluded.



Steps for this scenario

	Step #
	Actor
	Description of the Step
	Additional Notes

	1
	Utility
	Observes or projects an imbalance of load vs generation, determines and transmits dynamic price signal utilizing utility industry applied communications protocol (OpenADR or IEEE2030.5) to the designated aggregators. Signals can be region specific such as by SubLAP or Feeder
	Signals can be day ahead or an hour ahead notifications base on category of pricing: Real Time Pricing, Variable Peak Pricing, or Critical Peak Pricing

	2
	Aggregator
	Receives dynamic pricing signal from the utility, identifies plugged in PEVs in residential location per designated region and transmits signal to PEV either through the EVSE or directly to the PEV which can be through the OEM cloud server to the PEV via telematics.
	Requires notification of dynamic pricing event to the Customer to exercise right to opt out. Customer preferences can be preset in the PEV such as price threshold

	3
	PEV
	Receives the dynamic pricing signal from the aggregator and curtails/stops charging based on customer preferences
	PEV, based on customer settings (price threshold, time charge is needed) can automatically opt in or opt out of event












Alternate Scenario: Demand Response Event Signals

	Triggering Event

		Utility or ISO forecasts or observes an imbalance of load vs generation and transmits demand response event notifications
	Aggregator
	Utility or ISO to Aggregator/Customer Program contracts are in place. 
	Generation has been restored and the load shedding event has concluded.






Steps for this scenario. 

	Step #
	Actor
	Description of the Step
	Additional Notes

	1
	Utility / ISO
	Observes or projects an imbalance of load vs generation, determines and transmits demand response signal utilizing utility industry applied communications protocol (OpenADR or IEEE2030.5) to the designated aggregators. Signals can be region specific such as by SubLAP or Feeder
	Signals can be day ahead or an hour ahead notifications. 

ISO or Schedule Coordinator transmission protocols may be other than Utility industry adopted protocol standards. 

	[bookmark: _Hlk484145908]2
	Aggregator
	Receives demand response signal from the utility, ISO or Schedule Coordinator, identifies plugged in PEVs in residential location per designated region and transmits signal to PEV either through the EVSE or directly to the PEV which can be through the OEM cloud server to the PEV via telematics.
	Requires notification of demand response event to the Customer to exercise right to opt out. Customer preferences can be preset in the PEV

	[bookmark: _Hlk484146553]3
	PEV
	Receives the demand response signal from the aggregator and curtails/stops charging based on customer preferences
	PEV, based on customer settings (time charge is needed) can automatically opt in or opt out of event



Utilities and ISO will have DR capacity bidding programs that provide revenues for aggregators based on fixed or wholesale energy market pricing for capacity and/or energy payments. This requires the aggregator to provide PEV DR capacity bids based on projected availability and access to plugged in PEVs per day and time (hourly increments). Bids can be week ahead or day ahead depending on the program terms and conditions for participation. Aggregator will have to implement and comply with the program measurement and verification requirements to facilitate payment settlement for the DR event transactions. 

Alternatively, the Utilities can offer rate discounts or credits direct to the customer for participating in DR events that are not based on capacity bidding programs. 
Alternate Scenario: Vehicle to Grid (V2G) Power Flow Discharge Signal

	Triggering Event
	Primary Actor
	Pre-Condition
	Post-Condition

	Utility or ISO forecasts or observes an imbalance of load vs generation and transmits V2G discharge event notification
	Aggregator
	Utility or ISO to Aggregator/Customer Program contracts are in place. 

PEV is certified to provide V2G functionality
	Generation has been restored and the event has concluded.



Steps for this scenario 

	Step #
	Actor
	Description of the Step
	Additional Notes

	1
	Utility / ISO
	Observes or projects an imbalance of load vs generation, determines and transmits V2G discharge signal utilizing utility industry applied communications protocol (OpenADR or IEEE2030.5) to the designated aggregators. Signals can be region specific such as by SubLAP or Feeder
	Signals can be day ahead or an hour ahead notifications. 

ISO or Schedule Coordinator transmission protocols may be other than Utility industry adopted protocol standards.

	2
	Aggregator
	Receives V2G discharge signal from the utility, ISO or Schedule Coordinator, identifies plugged in PEVs with V2G discharge capability in residential location per designated region and transmits signal to PEV either through the EVSE or directly to the PEV which can be through the OEM cloud server to the PEV via telematics.
	Requires notification of V2G discharge event to the Customer to exercise right to opt out. Customer preferences can be preset in the PEV

Use Case Scenario required for authenticating the certification and communication functionality for PEV inverters to provide V2G services to the grid at time of plug in to the EVSE. 

	3
	PEV
	Receives the V2G discharge signal from the aggregator and initiates discharge to the grid based on customer preferences and available SOC capacity
	PEV, based on customer settings (time charge is needed) can automatically opt in or opt out of event



V2G is to be classified as a distributed energy resource (DER) in this circumstance and can be aggregated for participation in CAISO wholesale energy market services (i.e. DERP). This requires the aggregator to provide PEV discharge capacity bids based on projected availability and access to plugged in PEVs per day and time (hourly increments). Bids can be week ahead or day ahead depending on the program terms and conditions for participation. Aggregator will have to implement and comply with the program measurement and verification requirements to facilitate payment settlement for the transactions.
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