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1.1 Use Case Title

U5 – Vehicle Use Case
Customer enrolls in an Optimized Energy Transfer program
1.2 Use Case Summary

This use case details the awareness and specific enrollment process for an Optimized Energy Transfer program. This is precluded by an awareness process and includes collecting information pertaining to the customer, their vehicle and operating and charging plans that is described in use case E. This sequence of Use cases is followed by Use cases S1-3 that include the connection architectures.
1.3 Use Case Detailed Narrative

The Utility may offer the Customer an Optimized Energy Transfer Program. This offers the customer and utility an opportunity to take advantage of Regulation services and utilize Spinning reserves and other methods to match grid load to demand in a predictable and accountable aspect. The energy request and energy management may be at the home, multiple homes fed from a common transformer and/or further into the utility network.
Regulation services are used to continuously fine-tune the balance between power generation and demand, in terms of the voltage and the frequency of the grid. In many power markets, this function, called regulation or automatic generation control (AGC), is priced separately from power generation and procured as an ancillary service (another such service is spinning reserves). The grid operator needs to be able to ensure generators ramp output up or down in real time to meet customer reactive power needs, manage customer impact on system voltage, frequency and system losses and ensure that power-factor problems at one customer site do not affect power quality elsewhere in the system. Again, providing regulation services requires electricity generation capacity in excess of demand.
Spinning reserves refers to generating capacity that is up and running, and synchronized with the electricity grid (but not contributing power). Spinning reserves generators contribute to grid stability, helping to arrest the decay of system frequency when there is a sudden breakdown or loss of another generator. Again, typically, power plants that can provide fast response to the calls of the grid operator are the most suitable, e.g. gas turbines. The capacity required to provide spinning reserves can also be seen as an underutilized investment, although essential for managing market risks.

U: Specific Enrollment:


This use case is the 5th in the series for the following five categories of utility programs that are designed to entice PEV customers to consume energy during times of lower grid load-ability.  

U1: Time-Of-Use (TOU) Rates / Tariffs / Programs (Load Shifting)
U2: Direct Load Control Programs (Demand Response)

U3: Real Time Pricing (RTP: Load Shifting / Demand Response) (Active Management)

U4: Critical Peak Pricing (CPP / Load Shifting / Demand Response)

U5: Optimized Energy Transfer Programs (Demand Response, Regulation Services, etc.)

3. Step by Step Analysis of Each Scenario
Use Case U5: Customer agrees to an Optimized Energy Transfer utility program.
3.1 Scenario Description
U5: Optimized Energy Transfer programs are designed to incentivize customers whom are willing to give the energy provider control over their load.  More specifically these programs allow energy providers to reduce or interrupt customer loads during critical grid events.  The idea is that the energy provider based on the grid event can actively manage the charging load by either reducing or interrupting it.  In either case, the active management will support turn off those who have higher SOC while only reducing the charge rate of those that have lower SOC.  Usually, the energy provider offers a vast array of options with programs varying in the quantity of events and length of reduction or interruption periods. These include Regulation Services and taking advantage of Spinning Reserves.
Scenario: Customer enrolls in an Optimized Energy Transfer program. 
	Triggering Event
	Primary Actor
	Pre-Condition
	Post-Condition

	The Customer acquires a PEV and contacts the Utility to enroll in an Optimized Energy Transfer program.
The customer may be prompted by the dealer, VM, retail store, utility and more for specific programs
	Customer 
	Customer has a PEV and wishes to enroll an Optimized Energy Transfer program; Utility offers PEV Programs to its customers. 
	The Utility has successfully enrolled a Customer PEV in an Optimized Energy Transfer Program.


3.1.1 Steps for this scenario

	Step #
	Actor
	Description of the Step
	Additional Notes

	1
	Customer
	Customer is informed of the program's cost and/or benefits.UC133.1.1 C
	

	2
	Customer
	Customer initiates request to enroll PEV in an Optimized Energy Transfer Program by contacting Utility and provides Customer and PEV information (i.e. Customer Account information, PEV ID, etc.).
	Customer uses phone, Internet, or other communications channel.

	3
	Utility
	Utility sends general program information in the application form, via web or mail
	

	4
	Customer
	Customer makes a decision of when and where to use the program (based on need and cost).
	

	5
	Customer
	Customer completes enrollment form, returns to utility via web or mail
	

	6
	Utility
	Utility make a decision if the customer is eligible or not. Not eligible he notifies the customer
	

	7
	Utility
	For eligible customers, utility notifies customer of any updates to the program and in-service date
	

	8
	Utility
	UC133.1.2 PUUtility authenticates Customer, Customer account, and Premise information, and collects PEV information including PEV ID.
	

	9
	Utility
	Utility presents Customer with the Optimized Energy Transfer Program information and schedule selections
	

	10
	Utility
	Utility schedules metering installation, issues cut-over order (internal process order, billing, parameters of billing, financial network),  notifies customer of meter installation (in-service) date
	

	11
	Utility
	Utility installs meter, undertakes back-office administrative actions
	The Recording Meter is preprogrammed based on the program. It can have either two or three registers (peak, off-peak, shoulder peak). If the customer has AMI meter, utility informs the meter on the new data (two-way communication. It will change the instruction set. The cut in order will take the back office to cumulative in on-peak or off-peak

	12
	Utility
	Utility switches service to the Optimized Energy Transfer and issues final bill for old service to customer


	

	13
	Customer
	Customer commences Optimized Energy Transfer service 

Customer selects PEV Program and Service Plan, sets PEV program parameters (i.e. guest charging, allow roaming, etc.).  The Customer and PEV are now enrolled in a utility Optimized Energy Transfer program.
	Same schedule applies till a rate case or rate change takes place. Nominal prices are subject to change based on utility supply cost (e.g. fuel price).


The primary objective is for the PEV to make an energy request. This is for the amount, rate and time allocation for the charging cycle.
The amount of energy is what is requested from the utility, not what is converted and used on the vehicle to charge the RESS and support other vehicle functions. It is expected that the amount of energy would be different every time the vehicle needs energy. Hybrid Electric vehicles generally have a 1.5 kW RESS whereas a PHEV may have a RESS in the order of 8 kW (usable energy). RESS charges also identify usable energy since the VM may not desire the RESS to obtain a full discharge state. Some may only discharge from 50% to 80%. Regardless of the RESS capacity, only the usable energy would be applied. BEVs would be expected to have a larger RESS and may be in the order of 25 kW. Even though the BEV has a larger RESS, the PHEV and BEV may request the same amount at each charge event. The PHEV may always fully discharge its RESS since the vehicle can then rely on its hybrid power to continue a drive cycle. The BEV however, may want more charges during the day and seek these “opportunity” events to reduce range anxiety. Figure 3.1 shows the relative variation between the amounts of “usable” energy for various vehicles. This includes a Hybrid for comparison even thought it is not connected to the grid for recharging.

[image: image1]
Figure 3.1 RESS Capacities
The amount may be calculated as follows. It is expected the utility would identify the amount available to complete this messages exchange. In the event that an amount available is not sent, the premise could have a default amount based on a transformer size or other parameters programmed into the EVSE.

[image: image2]
The rate is dependant on a couple of items. The maximum rate the premise can deliver (thru the EVSE) or the on-board charger size, whatever is smaller. If the PEV is capable of DC energy transfer, the rate would be the maximum output of the off-board charger in the EVSE. Figure 3.2 identifies the three basic EVSEs that are described in J1772™.
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Figure 3.2 EVSE Architectures
Time is a sub-set of the connection time. It is expected the customer selects an amount and connection time and the rate and charge time are variables within this overall time period to satisfy the customer needs to have a charged vehicle at the end of the connection time. Figures 3.3 and 3.4 show the variations between PHEV and BEV charge times based on different EVSEs.
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Figure 3.3 PHEV Charge Times
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Figure 3.4 BEV Charge Times

The combinations of amount, rate and time interact is shown in Figure 3.5.


[image: image6]
Figure 3.5 Amount, Rate and Time interactions

Priority and green messages also are included in this scenario. The customer may select a priority message that indicates the urgency of obtaining the amount of energy requested. One case could be if the price is high and the customer can wait until another charge connection, they may request an amount but be willing to settle for less energy if other demands were made at the premise that may fluctuate during the connection time. This could be a public charging station with a PHEV and a BEV also connects during the connection time. The PHEV customer may allow reduction of the original request so the BEV can have more of the available energy and may be compensated for this “offer” by a reduced price. The PHEV may be close to home and be able to charge overnight instead of demanding a charge at this time.
Green is also a message that is included. If green energy is more or less available during the connection time, the customer may select this option. If green energy were available the customer may get more energy delivered than requested (assuming a full charge was not requested) or get it as a sooner delivery time. This could help balance the utility during this time. If the energy request message is provided to the utility, more green energy can be dispersed at a more efficient rate.
This use case is intended to build on U1 thru 4 whereas the customer can select one or more that is available from their utility provider, and then make an energy request for their specific charging event needs. This can also be analyzed with messages about clean energy and priority for more refined results.
An example of this would a customer using a TOU (U1) program plus RTP (U2) could be available and then the customer may connect at home but want an immediate charge to leave in an hour rather than continuing with an overnight charge (as set with the PEV preferences). A “high” priority message would be reconciled with the RTP info and the customer could “charge now” rather than using the TOU schedule for an overnight charge. The customer would return home later and commence with the TOU/RTP algorism as programmed into the PEV preferences.
Another example is the customer is at home for the evening and clean energy becomes available so the vehicle would “charge now” rather than waiting for a delayed or slower charge rate charge overnight, that was selected and entered as the PEV preferences.
3.1.2 Energy Management System:
The arbitration of the energy request vs. available, needs to be done at the lowest level that insures optimization. This is likely to be at the EVSE, then the home, then the transformer level but can move further to upward locations such as the Back-office or other levels of distribution.
The initial application of energy transfer is focused at the home. The simplest case would apply to a home fed off a single transformer and progress to multiple homes that may be fed off a common transformer. The single EMS device would be the EVSE that the utility or customer controls. A more complex EMS would include a HAN to manage the energy within the home.
The single home may be fed from a 10 kVA transformer and typical overloads are up to 150% for up to 3 or 4 hours. This home may include devices that may peak at well into 15 kVA or higher but aren't expected to operate at the same time for a long interval since most of the home loads are repeatable and cyclic loads. The PEV however is expected to be a more sustained load that needs to be included as the average home load.
A 25 kVA transformer may feed up to 5 to 7 homes and capable of similar overloads values. Information from all the homes on this branch need to be balanced in order to meet the multiple customer(s) needs and not overload the system. It is assumed that each home would include a smart meter that would identify the load of that home to the EVSE so the charging requirements could be met. This would allow each home to send a priority message of "charge now" vs. "charge overnight" so multiple PEVs could be charged as requested.
3.2 Alternative Scenario Description
The energy request messages could be used by the utility back office or other ISOs that could use this info to plan for regulation services, spinning reserves or other opportunities to manage the grid.
4. Requirements
This use case is the 5th in a series that follows Use Case E for general enrolment. This use case defines the Optimized Energy Transfer utility program for awareness and specific enrolment steps. The Utility and the Vehicle Manufacturer will offer these to their customers. The complementary use cases (U1 - 4) describe the specific details of the four other categories of programs. This series of Use cases are then followed by Use Cases S1, 2 or 3 for specific connection architectures.
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4.1 Functional Requirements

	Func.

Req.
ID
	Functional Requirement
	Associated

Scenario #

(if applicable)
	Associated

Step #

(if applicable)

	
	
	
	

	
	
	
	


4.2 Non-Functional Requirements

	Non-func.

Req.
ID
	Non-Functional Requirement
	Associated

Scenario #

(if applicable)
	Associated

Step #

(if applicable)

	
	
	
	

	
	
	
	


4.3 Business Requirements

	Bus.
Req.
ID
	Business Requirement
	Associated

Scenario #

(if applicable)
	Associated

Step #

(if applicable)

	
	
	
	

	
	
	
	


5. Use Case Models
5.1 Sequence diagram for primary scenario U5.
5.2 
� EMBED Equation.3  ���





� EMBED Equation.3  ���
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