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Programmable Communicating Thermostat

Business Requirements

Use Case Scenarios    
Use Case Description
Programmable Communicating Thermostat (PCT) integrates with the respective Utility Communication Infrastructure (UCI), including Advanced Metering Infrastructure (AMI) system, and responds to commands to drop load for grid reliability, economic dispatch, and price responsive programs. 
Use Case Narrative

Due to the 2008 Title 24 PCT revision, new construction and retrofits/repairs to existing structures will require the installation of a programmable communicating thermostat. The communication protocol for the PCT to enable load control, whether this is for grid reliability, economic dispatch, or price responsiveness, is dependent on the utility communication infrastructure (UCI) including AMI systems. Due to unique AMI implementations being planned by each Utility, the PCT is designed as communications-ready (without a communications chip). The PCT becomes communication-capable when the appropriate communication module is inserted. Both the thermostat and its associated utility-specific module would be available for purchase by the customer at a local home improvement store or for contractors through their wholesale outlets.    
Scenario 1
Utility dispatches grid reliability DR program and controls the load by communicating with the PCT.
1. The home builder or customer installs the PCT and an appropriate communications module in a new home being constructed or qualifying re-model. 

a. The PCT shall be manufactured by multiple vendors.
b. The PCT shall communicate via a common messaging protocol that is 
i.  widely available
ii. cost-effective 
iii. open standard
iv. 2 way capable
c. The PCT connection to the central cooling/heating system shall have an adapter to enable the average consumer to install or replace the PCT without third party assistance.  (Manufacturers to determine.)
d. The PCT and communications module shall be commercially available, off-the-shelf products commonly available at home improvement retail outlets and through contractor sales channels.  
e. The PCT shall be minimally capable of storing user defined set points in memory for weekday, Saturday, and Sunday programmability with four time/setpoints (heating and cooling) settings per day. (Note: consider deferring existing t24 spec or removing)
f. The PCT shall have undergone safety testing conducted by an approved test facility (Manufacturers to determine).
g. The PCT and communication module shall comply with all applicable FCC requirements.
h. The communication module, upon installation, shall indicate the PCT’s status of the communication link to the appropriate UCI.
2. Customer moves into a new home. 
a. The PCT shall be compatible with any (note: reword to more reasonable and specific) enhancements to the UCI implemented within the mean time before failure (MTBF) of the thermostat or other utility communication infrastructure.
b. The PCT shall operate with a single, cost-effective communication module capable of supporting future applications and enhancements or software upgrade.
c. The PCT shall be able to recover from temporary (24 hours) power outages without requiring reprogramming or manual reset.  The PCT shall not be backed-up with a battery but rather non volatile memory.
3. Customer contacts the local utility, the customer’s identity is confirmed, and they are provided instructions to activate the communications aspect to the PCT.   

a. The PCT shall be capable of remote self-registration using the UCI, when activated by the customer or his agent. 
b. The PCT shall be aware of the type of equipment (furnace or heat pump, etc.) and upon registration (or change of equipment settings) shall be capable of communicating that information back to UCI.
4. CAISO (electricity grid operator)/gas distribution system operator notifies utility of the need to drop load for grid reliability.
5. Utility sends communications message via UCI to PCT.

a. The PCT shall be capable of receiving encrypted load control commands transmitted only by the Utility using their UCI.
b. The event setpoint offset shall apply across all program transition periods
c. The PCT shall be capable of verifying the source of the message to drop load and execute according to the message only after validation. Verification includes message authentication and integrity checks.
d. The PCT shall be uniquely addressable on the UCI once located geographically.
e. The PCT shall have a display capable of supporting customer programming, temperature setting and demand response related information (i.e., DR event pending/in progress/terminated, event start/end time if applicable, price signals) (Note: alpha-numeric displays may be as much as 5 times more expensive than current fixed LCD with 7-segment displays)
6. PCT acknowledges receipt of signal back to Utility and curtails load.

a. The PCT may have the capability for secure return of messages such as override signals, validation, status, etc… to the Utility via UCI.
b. The PCT shall indicate at a minimum the following event statuses:
i. Day ahead
ii. Day of
iii. Hour ahead
iv. Override
v. Event in progress
c. The PCT shall be capable of a temperature setback in increments of +/-1 degree, up to 99 degrees (Note: up to the manufacturer’s specified limits?  100% off?  Cycling?), for each of the scheduled temperature time periods scheduled by the customer (4 per weekday, weekend).
d. The PCT shall be capable of being programmed by the UCI to an absolute temperature setpoint.
e. The PCT shall be able to initiate a maximum of 24 events during the same day, of fifteen minute duration minimum, operating in or out of sequence (i.e., subsequent programs dispatched, concurrent programs dispatched)
f. The PCT shall provide the “on or off” status of the controlled A/C (or, where not available, the thermostat itself) to the UCI.
g. The PCT shall have the capability to be pre-programmed to respond to emergency signals from UCI and will activate within 2 seconds upon receipt of message from UCI.
7. PCT restores load to the user specified setpoints after an event has expired or a command is received via the UCI.
a. The PCT shall be capable of receiving daily time synchronizations from the UCI.
b. PCT shall capable of restoring dropped load at random time intervals within a programmed recovery time frame.
Scenario 2
Utility dispatches for economics or calls a price responsive DR program and controls the load by communicating with the PCT.
1. Customer is already enrolled in price-responsive program.
2. Customer receives notification of event and for price response the appropriate pricing information.

a. The PCT shall be capable of displaying actual price of power and/or providing an indication of relative price (low, medium, high, critical). (Note: concerns on complexity of customer interface)
b. The PCT shall be capable of differentiating between emergency/reliability, economic dispatch, and/or price-response event signals.

c. The PCT shall be able to display messages comprised of alphanumeric characters, as delivered or triggered remotely from the UCI. (Note: cost of including the alpha-numeric display may be an issue)
d. The PCT shall have the capability of receiving information on pending pricing event (event type, event date, start/end time, pricing). 
3. Economic or price event is activated and load drop occurs.
a. The PCT shall have the capability to be pre-programmed to respond to economic or price signals and will activate in 2 seconds upon receipt of message from UCI.  (Note: concerns on complexity of customer interface)
b. The event setpoint offset shall apply across all program transition periods.
c. The PCT shall be capable of responding back with an acknowledgment to the UCI that load has been dropped or that the control message has been received.
4. Customer chooses not to participate in economic or pricing event.

a. The PCT shall have the capability of initiating a customer override to an event. PCT shall have the capability to send override status back to the UCI.
5. PCT restores load to the user specified setpoints after an event has expired or a command is received via the UCI.

a. The PCT shall be capable of receiving daily time synchronizations from the UCI.
b. PCT shall capable of restoring dropped load at random time intervals within a programmed recovery time frame.
Scenario 3
Customer receives utility bill and would like to confirm the correct credit/charge was applied.
1. Customer receives the bill, with credits/penalties applied.
2. Customer views a log of events on the thermostat. 
a. The PCT shall have the capability to provide a log of the last 20 UCI events. This includes a record of received communication, new programming instructions, and actions as a result of load control events. (Note: cost considerations (based on the display) may not justify expense to basic PCT for residential consumer use – could be addressed through diagnostic functions )
Scenario 4
Customer confirms that the DR event has ended, but the A/C does not work.

1. Customer attempts to turn on A/C but the HVAC does not respond.

2. The PCT, after a configurable delay at the end of the DR event or a default time period from the start of the event, enables the override/restore button to reset the PCT defaults and restore normal operations.
3. If step 2 fails, customer calls the utility to report problem. Utility confirms no event in progress, UCI or AMI indicates normal state, and recommends that the customer contact their thermostat manufacturer or HVAC installer to troubleshoot.

a. The original equipment manufacturer shall provide operating manuals and technical support for the PCT to the end customer. This includes installing, operating, and troubleshooting the thermostat.  
Scenario 5
PCT is no longer receiving and/or responding to the UCI. 

1. Customer sees that the PCT display indicates a communications error.

a. The PCT shall be capable of indicating a communications failure when the device is no longer sending or receiving remote signals on display and back to UCI.
b. The communication module shall communicate with the UCI to indicate communication status on a regular basis.

c. The communication module shall accommodate an ad-hoc communications verification from the UCI. (Note: customers may turn off equipment (breakers for example) that may generate communications errors)
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