        


Home Area Network implementation 
Electric Vehicle & Plug-in Hybrid Electric Vehicle

 Use Case Scenarios

Use Case Description

 The electric vehicle (EV) or plug-in hybrid electric vehicle (PHEV) connects with the respective Home Area Network (HAN), the Utility AMI system and the electric system (home, vendor or utility’s) to charge and/or discharge.  These scenarios are expectations of vehicle functionality and vehicle/HAN interaction and communication.

Use Case Narrative

These use cases are expectations of typical vehicle/Utility interactions.  The vehicles are expected to have some intelligence and capacity to communicate with the AMI network.  This intelligence extends to the vehicle envelope which includes the power cord and plug.  The vehicle is expected to plug into a standard home outlet. 
Use Case Assumptions
These use cases assume the following:

1. The AMI network/HAN interface exists.

2. A process exists to connect/bind the customer’s HAN to the Utility HAN interface.

3. HAN communications may be limited to the customer’s HAN, and may securely cross the Utility HAN interface.

4. Where needed, the home’s electric panel upgrade has occurred and the electrical circuits and wiring can handle the vehicle charging/discharging process.

5. The vehicle has some onboard intelligence and communication capability.

6. The EV/PHEV connector has been safety tested and approved by a nationally recognized test facility (Manufacturers to determine).

7. The communications between the vehicle and the HAN complies with all applicable FCC requirements.

8. The vehicle communication system is compatible with any enhancements of the HAN.

9. The original equipment (vehicle, battery, etc.) manufacturer provides operating manuals and technical support to the end use customer. This includes installation, operation, and troubleshooting problems.

Vehicle Charging:  The following scenarios address vehicle charging at the customer’s home and at alternate locations.  In theses scenarios, a customer is enrolled in a program or rate for charging an electric vehicle.
Scenario 1A (Vehicle charging at home)
1. The customer connects the vehicle to his home electrical outlet. 

a) The AMI network senses vehicle battery connection and communication with the HAN. 
2. The electric connection activates communications between the vehicle and the HAN.  The vehicle’s identity is confirmed, and is linked to the HAN.   

a) Upon proper connection to the electrical outlet, the vehicle is linked with the AMI network and self-identifies using the HAN or directly with the Utility when no consumer HAN/gateway exists.
b) The vehicle indicates the status of the communication link with the HAN and the identity of vehicle is conveyed to the AMI network.
c) The vehicle displays and provides the HAN with the current State of Charge (SOC) of the battery in kW
d) Both the vehicle and the in-home human-machine interface (HMI) display the rate ($/kW) to charge immediately versus rate for charging at a deferred time (peak vs off peak).
e) The customer schedules the charging event on the vehicle or HMI.  Both have the capability to implement a charging event based on a time schedule or rate or a combination thereof.

3. CAISO or electric grid operator notifies utility of the need to drop load for grid reliability (emergency event).  In this case, the vehicle is restricted from charging until conclusion of the event.  The event message includes a time duration that may subsequently be shortened or lengthened according to grid status.
a) Utility sends communications message of reliability event activation via HAN to the vehicle.

b) The vehicle receives the encrypted message transmitted via HAN.
c) The vehicle verifies the source of the message and implements it only after validation. Verification includes message authentication and integrity checks.

d) The vehicle is uniquely addressable through the HAN once located geographically.
e) The vehicle will delay further charging and adjust charging schedule according to any message revisions or grid status updates.
4.  The vehicle acknowledges receipt of signal back to the AMI network.

a) The vehicle securely returns messages such as customer interventions, validation, status, etc… to the AMI network via HAN.

b) The vehicle responds to all signals and messages within 2 seconds upon receipt from HAN.
5. The vehicle returns to normal schedules and settings after an emergency event has concluded or a message is received via the HAN.

a) The AMI network sends a restore signal upon conclusion of an emergency event.

b) If the vehicle is disconnected during the emergency event, charging activation upon reconnection will be dependent on grid status or expiration of the emergency event. 
c) The total cost and amount of electric charge transferred during the charging episode measured by the Utility is provided through the HAN to the vehicle and the in-home HMI.


Vehicle Battery Discharge:  In the following scenarios, a customer’s vehicle is used to power the home or export power to the grid. There is more onboard intelligence, capability to receive and respond to command signals through the HAN and remote access to SOC and scheduling battery discharge.  The battery has a predefined discharge limit.
Scenario 2A (Customer initiated discharge)

1. The customer is enrolled in a program or rate.
2.  The customer connects the vehicle to his home
a. The AMI network senses vehicle battery connection and communication with the HAN. 
3.
The electric connection activates communications between the vehicle and the HAN.  The vehicle’s identity is confirmed, and is linked to the HAN.

a) Upon proper connection to the electrical outlet, the vehicle is linked with the AMI network and self-identifies using the HAN or directly with the Utility when no consumer HAN/gateway exists.
b) The vehicle indicates the status of the communication link with the HAN and the identity of vehicle is conveyed to the AMI network.
c) The vehicle provides the HAN with current State of Charge (SOC) of the battery in kW
d) Both the vehicle and the in-home human-machine interface (HMI) display the present electricity cost and amount of time available from the battery discharging to the home or the grid
e) The customer schedules the discharging event on the vehicle or HMI.  Both have the capability to implement a discharging event based on a schedule, price ($/kW) or a combination thereof.
4.
The vehicle returns to the user prescribed recharging scenario after a discharging event is complete, expired or a restore command is received via the HAN.

a.
The vehicle randomly restores its user prescribed charging schedule within a programmed recovery time frame
Scenario 2B (Utility initiated discharge)

The vehicle provides grid quality power during off-premise export.
1. The customer participates in a program that allows the Utility to draw charge from the vehicle’s battery.

a. The vehicle owner is contacted to connect the vehicle to a power outlet in the home as a requirement of program participation or

b. The vehicle owner receives a price signal and agrees to participate in the discharge event.
2. The battery discharge message is transmitted through the AMI network.

a. Utility sends communications message activating battery discharge via HAN to the vehicle.

b. The vehicle and the in-home HMI receive encrypted discharge command transmitted via the HAN.
c. The vehicle and HMI verify the source of the message to discharge and execute according to the message only after validation. Verification includes message authentication and integrity checks.

d. The vehicle is uniquely addressable through the HAN once located geographically.
e. The vehicle provides current discharge status through the HAN to the customer and Utility. 
3.  The vehicle acknowledges receipt of signal back to the HAN and begins discharging.

a. The vehicle securely provides return of messages such as override signals, validation, status, etc… to the Utility via HAN.

b. The onboard system initiates multiple commands to start and stop discharging during the same day.   These durations will be specified by the Utility program, tariff, battery charge, etc.
c. The vehicle communicates its discharge status to the HAN.
d. The vehicle can be pre-programmed to respond to Utility signals from HAN and will activate within 2 seconds upon receipt of message from HAN.
e. Upon customer override action, the vehicle conveys such action via the HAN to the customer and Utility. 
4. The vehicle returns to the user prescribed recharging scenario after a discharging event is complete, expired or a restore command is received via the HAN.

a. The vehicle randomly restores its user prescribed charging schedule within a programmed recovery time frame.


Customer Billing: 

This is the most challenging task for the utility and will depend on the metering capability of the Utility’s AMI network.

Scenario 3A (In-territory charging)
This scenario describes the charging of a vehicle anywhere in the utility’s service area of the customer (e.g. charging at home or a neighborhood charging station).  
1. The vehicle is plugged into an outlet and identifies itself to the AMI network through the HAN.
2. The vehicle and HMI provide the option of immediate or deferred charging based on a customer prescribed schedule.
3. The customer chooses one or a combination of the above options.

4.  Messages are sent through the HAN to the AMI network on a charging episode.  A charging episode is bounded by a charging start and end time.  There may be multiple charging episodes during the day to completely charge a vehicle.
a. The first message is sent at the start of the charging episode and includes the charging start time, vehicle ID, Utility account number, start time, location ID or address, etc.
b. The second message will be sent at the end of the charging episode and includes all the above with the end time instead of start time.

5. Upon completion of a charging episode, the Utility sends a transaction completion message back to the vehicle and HMI. 
Scenario 3B (Out-of-territory charging)  to be developed
This scenario describes the charging of a vehicle outside the utility service area of the customer.


Charging at alternate locations (other than customer home):


Vehicle Communications Failure:
Vehicle is no longer receiving and/or responding to the HAN while it is plugged into an electrical outlet. 

1. Customer sees that the vehicle and in-home HMI indicates a communications error.

a. The vehicle indicates a communications failure when it is no longer sending or receiving signals or messages from the HAN.
b. While connected to the home, the vehicle regularly communicates with the HAN to indicate communication status.

c. The vehicle allows for ad-hoc communications verification from the HAN. 
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