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Introduction 

This contribution is being made to the OpenHAN Task Force to ask that the group consider identifying the requirements for a standard interface to appliances as an addition to the existing OpenHAN guideline.  The following sections will briefly describe the basic concept, and to explain why it is recommended.

What Is Meant by a “Demand Responsive Appliance Interface”? 
The term “interface” can mean many different things depending on the discussion.  In this case, what is intended is a physical interface, a connector of some kind, with mechanical, electrical, and logical aspects standardized.  Such a communication interface would establish modularity between appliances and a diversity of plug-in communication modules to allow appliances to participate in demand response (DR) programs of all kinds. The term “appliances” is being used loosely here – including water heaters, HVAC systems, and pool pumps.  The concept is illustrated in Figure 1.
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Figure 1 – Modular Communication Interface

Of the elements shown in this Figure, it is only the connector on the appliance that is the focus of this paper.  The intention is not to assume or prescribe anything about the communication system or modules outside the appliance.

An interface of this kind, if standardized, is seen as providing several potential benefits:

1. Allowing one appliance to work in any type of DR communication system (AMI, FM, HomePlug, Pager, Zigbee) by plugging-in the appropriate communication module.

2. Allowing for the communication technology to evolve during the potentially long service of the appliance by swapping out the communication module.

3. Allowing communication providers to produce a single communication module that works on all appliances.

4. Allowing communication modules to be customer installed, reducing the cost of program enrollment.

5. Ability to remove the communication module assures the customer of full control.

6. De-risking the process for all stakeholders (utilities, appliance manufacturers, and customers) during the first few years, or first few million devices, while the risk is highest for security flaws, technology shortcomings, or use-case errors.

One way of understanding the vision of an appliance interface is to consider the analogy of the PCMCIA slot on a laptop computer and the role it played in the early days of Wi-Fi.  Before it was clear to the makers of computers that Wi-Fi was going to be the leading networking technology, they were able to support Wi-Fi through cards that plugged into the PCMCIA slot.  This provided flexibility to support many options and insured, both the sellers of the devices and the consumers, against obsolescence of the computer due to a poor communication choice.  Once it became clear that Wi-Fi would be the norm, vendors began to integrate Wi-Fi directly into the computer.  

A standardized interface on appliances would serve similar purposes – providing both vendors and consumers with flexibility and assurance that their device will work in the future.  In the case of residential appliances, it is not clear that vendors would ever choose to fully integrate communication devices into appliances, because the appliance useful service lives are so much longer than the typical communication technology life-cycle.  They would, of course, have that option.  It is interesting to note that, in the case of computers, the flexibility of the PCMCIA interface is still retained, even when Wi-Fi is built in, allowing for less common things like cellular air-cards.

Related Industry Activity

After over two years of research and discussion with the appliance industry, EPRI has become involved in a collaborative project to study the idea of such an interface.  Working together with the Association of Home Appliance Manufacturers (AHAM), the project has brought together appliance manufacturers, communication system providers, and utilities, to study the concept of a standardized communication interface for demand responsive appliances.  Currently, the project is being conducted by ~ 60 individuals representing 30 organizations: 10 appliance manufacturers (including white-goods, water heaters, HVAC, and pool pumps), 10 communication technology providers, and 9 utility related companies. 
The project has thus far been focused on the identification of use-cases.  These are intended to capture the full range of uses for a module-to-appliance interface, and will serve as the foundation for establishing functional requirements going forward.  The use cases that have been identified derive from several types of demand response programs.  Existing OpenHAN use-cases were incorporated into the project, with extensions to clarify how each would impact an appliance interface connector.  
During the past year, some organizations have pointed to certain existing interfaces and suggested that they are appropriate for use as an appliance interface of the kind described above.  In the United States, the most notable has been that of U-Snap.org.  This interface, borne out of the thermostat industry, is being promoted for use on appliances of all kinds.  In the United Kingdom, the Universal Metering Interface (UMI) was created as a possible standard for how appliances could receive any communication module.  These and other related utility industry activities all recognize the same need and are attempting, albeit in an uncoordinated way, to address the problem.

Relationship to the Existing OpenHAN Specification
The existing OpenHAN system requirements specification recognizes the diversity that exists in the nature of demand response programs, the communication technologies employed, and the resulting architectures.  Figure 2 shows two example architecture diagrams from the version 1.04 specification.
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Figure 2 – Example OpenHAN Architectures
The illustration on the left is described in the specification as using a public broadcast signal to reach smart appliances.  Although not identified in the specification, these technologies might include FM broadcast, Pager system, Cellular, or municipal Wi-Fi.  The illustration on the right places the smart appliance on a local network, accessed either from the Internet or a local energy management system.  Technologies used in this application might include HomePlug, Zigbee, Z-wave or others.  The OpenHAN specification uses other architectural examples as well, but these two are sufficient to underscore the difficulty that appliance manufacturers face.  
The appliance business model requires that one appliance model be marketable coast-to-coast and that it be capable of service for as much as 30 years.  It is not just desired economies of scale that make this a need, it is the fact that people move, and expect to take their appliances with them wherever they go.  The result is a need for modularity – the ability to separate the communication device from the appliance. 

While each appliance manufacturer could come up with a proprietary way of making their appliances modular, this does not work well for either providers of communication technologies or for utilities.  Several utilities working with EPRI in the current study have emphasized that they need a common interface so that they can practically and economically evolve their communication systems over time.  A common example is that of evolving from one way broadcast to two way HAN, as Internet and AMI communications become more widespread.  The number of residential appliance types, and the many manufacturers of each type, result in a very large number of possible interfaces if no standard is created.  Returning for a moment to the previous example of standard interfaces for laptop computers, it is easy to see that vendor-specific interfaces would have never resulted in the success or benefits that were gained by the DB-9 serial or PCMCIA interfaces.   
Who Should Define A Standard Interface?

Given this need for a standardized interface, a natural follow-on question may be “who should be involved in defining it?”  Although the envisioned interface is physically on the appliance, its functional purpose is heavily tied to utility/energy applications.  As a result, it is necessary that stakeholders from multiple industries work together, including, at a minimum, appliance manufacturers, communication technology providers, and utilities.  

Before any detailed design work can take place, it is necessary to properly understand the use-cases for demand responsive appliances, and the resulting functional requirements of a communication interface.  

As recognized through the NIST Interoperability Standards effort, the OpenHAN specification has become a key document in the industry for establishing how information is exchanged among devices in customer premises.  Although the OpenHAN Task Force would likely not be involved in development of a physical interface, it is believed that the organization is ideally suited to define the functional requirements that such an interface must satisfy.  Without assistance from OpenHAN, projects, such as the one in which EPRI is currently involved, are left to develop use-cases from scratch and may not reach as broad a group of contributors as may OpenHAN.  Likewise, other proposed interfaces, such as U-snap and UMI, have no set of requirements against which to be evaluated to determine their suitability for use in DR programs.
Starting Use-Case Materials from the EPRI Study

This document is a request to the OpenHAN task force to consider this addition.  Toward that end, the following project work is presented.  

The following materials are a snapshot of work in process from the EPRI study.  These materials are currently evolving quickly, but are included here in order to provide a timely input to the OpenHAN 2.0 effort.  The project team has discussed and unanimously approved the notion of the OpenHAN task force becoming a defining entity for requirements that would lead to an industry standard interface and appreciate the consideration of the organization.
Use Cases
The following tables provide an arbitrary reference number for each use-case.  

Definitions used in these use cases:

SAL – Service Appliance Link (a plug-in communication module)

AIS – Appliance Interface Socket (the actual connector or slot on a connector)

Basic Electrical / Mechanical

	
	Title
	Source
	Use Description

	1.1
	Normal Appliance Mounting and Install
	PGE
	Appliance owner locates and installs DR ready appliance the same as a non-DR appliance.  No special positioning or clearance is required.  



	1.2
	Outdoor Appliance
	Pentair
	Appliance is normally situated in a weather-exposed location (Example: HVAC or pool pump).  SAL is installed on such appliance.  SAL functions normally without any relocation or sheltering.   

	1.3
	
	
	


Commissioning

	
	Title
	Source
	Description

	2.1
	Customer Purchases and Installs SAL
	PGE
	Customer purchases SAL at retail store and installs onto appliance independently.  Installation is simple enough for anyone to do.  SAL cannot be plugged-in wrong.  

	2.2
	Utility Provides SAL and Customer Installs
	TVA
	Customer buys an appliance that includes the AIS and wishes to enroll in a utility program.  Customer contacts the utility.  Utility provides customer with SAL.  Customer self-installs SAL.

	2.3
	Customer removes SAL
	PGE
	Customer is dissatisfied with appliance behavior in utility program and removes SAL from the appliance. 

Scenario 1: Utility program involves TOU/dynamic pricing, so utility does not need to know that the SAL was removed.  

Scenario 2: Utility program involves fixed incentives for participation, so utility needs to know that the SAL has been removed.

	2.4
	Simple Install
	PGE
	Customer installs SAL on either indoor or outdoor equipment by plugging it into the AIS.  SAL is fully functional with no other connections being required.  No tools are required for SAL installation.

	2.5
	Retrofitting Existing Equipment
	TVA
	Customer has pre-existing equipment without an AIS and wants to enroll in the utility program.  Utility installs an in-line relay that includes an AIS (on the relay, not on the appliance), as part of the enrollment process.  

Scenario 1:  At a later time, utility converts the communication system on this load to a new type by sending the customer a different SAL. Customer installs the new SAL so that no utility visit to the site is required.

	2.6
	End Device Installation and Commissioning
	OpenHAN


	The majority of this use case (see OpenHAN documentation for details) is specific to a HAN architecture and describes the steps by which a new device may be added to an in-premise network.  

One part of the process indicates that the installer (the homeowner in our case) receives notification (an indication) that installation is successful.  This may or may not bear on the appliance / module interface.   

	2.7
	End Device to Utility Registration
	OpenHAN


	This use case describes how a communication device would register itself with the utility (limited to 2-way systems).

Potential bearing on an appliance interface:  Such a registration could include: 

1.  Verification that the communication module is successfully connected to the end device

2.  Identification of the type of end device

	2.8
	End Device Remote Diagnostics
	OpenHAN
	This use case describes verification from the utility that connectivity to the end device exists (limited to 2-way systems).  

Potential bearing on an appliance interface:  Such a verification could look beyond connectivity with a communication module and verify that the module is successfully connected to the appliance.

	2.9
	Communication Device Troubleshooting
	OpenHAN
	This use case describes steps whereby a local installer (home-owner in our case) troubleshoots connectivity to or from a communication module.

Potential bearing on an appliance interface:  Troubleshooting process implies that there is a local indication of when connectivity exists.  This could be on a communication module, or through to an appliance.  

	2.10
	Local Indication of Operational
	AEP
	The SAL indicates that it is successfully installed and operational. (e.g. LED activity and Pwr LED on Ethernet Switch).

	2.11
	
	
	


Electrical

	
	Title
	Source
	Description

	3.1
	Radio based SAL
	EPRI
	Utility system communicates with the SAL using radio frequency transmission.  (Pager, FM, 900 MHZ, 2.GHz).  SAL is capable of reliably communicating, transmitting and receiving as applicable.

	3.2
	PLC Based SAL
	EPRI
	Utility system communicates with the SAL using powerline carrier transmission.  SAL is capable of reliably communicating, transmitting and receiving as applicable.

	3.3
	SAL indicates it is powered properly
	AEP
	Local Indicator that energy to power the SAL is sufficient.  By LED for example.  

	3.4
	
	
	


Functional

	
	Title
	Source
	Description

	4.1
	Dynamic Pricing Application 
	AEP


	Utility rate structure includes unpredicted / unscheduled price changes.  Utility sends these prices to the SAL to affect load changes.

Scenario1: Appliances/customers may, at their discretion, reduce consumption in response to higher prices.   

Scenario 2: Reduction is mandatory (no over-ride)

	4.2
	Scheduled Pricing Application
	AEP
	Utility rate structure includes price schedules that are available ahead-of-time (hours to days).  Utility sends these schedules to the SAL to affect load changes.

Scenario 1: Appliances / customers may, at their discretion, reduce consumption in response to higher prices.

Scenario 2: Reduction is mandatory (no over-ride)

	4.3
	Direct Load Control Application with M&V
	?
	Utility sends signals informing devices to shed load.  Shed commands may include a high/medium/low priority event.  Appliances/customers are obligated to respond by terms of the utility program.  Appliance responses are monitored and reported back to the utility by the SAL.  

	4.4
	Cancel Demand Response Event (Load Control Command)
	AEP
	SAL receives a cancel Load Control Event message for a Load Control Command that is either in progress or has yet to start.  Note:  Since Load Control Commands can be sent to the SAL in a back to back fashion, the SAL will need some way of tracking which load control command to cancel.  A Command ID is one way to accomplish this feature.  Cancel all Load Control Commands is another option.

	4.5
	Grid Emergency Shed
	AEP
	Utility sends a signal to command load shedding due to a grid emergency.  This signal cannot be overridden or opted-out.  The idea is that execution of this function would be rare. (i.e. it would be reasonable for a homeowner to expect something on the news after an emergency event was called.)   

	4.6
	Grid stabilization application
	?
	Utility informs appliances of critical grid event. Message includes an event duration.  The event duration may not exceed 1 minute.   Appliance responds by reducing load.  Appliance response is reported back to utility via SAL.

	4.7
	Localized Event Emergency Conditions
	AEP
	Precondition:  Local circuit was either manually or automatically configured (Dist. Automation) due to a local fault, feeder overload condition, or a transformer outage.

1. Utility sends a load reduction command to customers in the affected area (e.g., circuit or feeder, or section of feeder).  

2. Appliances (including Premise Energy Management Systems) reduce load in accordance with the request.  Assumption:  Emergency conditions have no customer override capability; Appliances not performing operation will disable or delay additional operations from starting or the appliance may go into a sleep mode.

3. Use Case could be aligned with Customer or Utility owned DER (including storage)

	4.8
	Customer Preferences Selected on Appliance
	?
	Appliance provides customer interface that allows customer to select how to respond to utility price or event signals.

	4.9
	Customer Preferences Selected at EMS – separate from appliance
	AEP
	Appliances are able to receive customer preferred settings (preferences) from a local energy management system or the utility that allows a customer to select how to respond to utility price or event signals.

	4.10
	Customer Preferences Remotely Selected
	?
	Utility provides service, web or other, whereby customer can set preferences for how their appliances are to respond to utility price or event signals.  Preferences are sent via communication system to the customer’s SAL.  When utility price or event signals are broadcast, SAL interprets according to the customer preferences and signals the appliance accordingly.

	4.11
	Voluntary Load & Energy Management
	OpenHAN 

(adopted to remove wide-area communication architecture assumptions)
	1.  Message is sent to the end-use appliance that an event start time has arrived.

2.  End-use device receives message, sets event status to active, and takes consumer pre-programmed action in response to the price or event type in the message.

3.  Consumer may locally override the event.

4.  End device may send a confirmation that it received the message and what action, if any was taken.  If overridden, the end-device may report.

5.  Curtailment period ends and message is sent to the end-device to restore to the previous condition.

6.  End devices may return to normal operation on a random schedule to avoid sudden change in load on the distribution system.

7.  End devices acknowledge receipt of the event-end message.

	4.12
	Scheduled Voluntary Load Management 
	AEP
	Same as above, but the original message sent from the utility may provide parameters that signal the future time when the command should be acted upon and for what duration.

In the scenario where the original event message includes a duration parameter, a termination message should not be required.

This “scheduled” scheme and the option to not use a termination command also applies to 4.13 and 4.14 below.

	4.13
	Mandatory Load and Energy Management
	OpenHAN

(adopted to remove wide-area communication architecture assumptions)
	1.  Utility anticipates the need for mandatory curtailment and may send a warning message.

2.  The end device receives the message and may optionally provide local indication of the warning.

3.  Utility sends a mandatory load shed message.

4.  End device receives the notification of the mandatory scheduled curtailment.

5.  End device enters mandatory “off” or “energy minimum” state.

6.  End devices acknowledge receipt of the mandatory message and confirms its compliance.

7.  At the end of the curtailment period, the utility sends command to restore to previous state.

8.  End devices restore load on a random restoration schedule.

9.  End devices acknowledge receipt of the event-end message.

	4.14
	Mandatory Load and Energy Management – with Emergency Customer Opt-Out
	OpenHAN

(adopted to remove wide-area communication architecture assumptions)
	1.  The end device receives message to begin mandatory curtailment. 

2.  End device enters mandatory “off” or “energy minimum” state.

3.  End devices acknowledge receipt of the mandatory message and its compliance.

4.  Consumer contacts utility to opt-out and have load restored.

5.  Utility sends message to de-register and restore load.

6.  End devices immediately restore load

7.  End devices acknowledge receipt of the de-register and immediate restore message.

8.  End device un-enrolls from the mandatory load program.

	4.15
	Energy Management System Recognizes Types of End Devices
	OpenHAN 
	Although not evident in the OpenHAN steps, the introduction to this use-case indicates that an in-premise EMS may be able to identify the “type” of device.  This is listed here because such functionality would bear on an appliance interface to a “common” communication device.

AEP Note:  Each appliance is enumerated with a value that identifies the type of smart appliance (e.g., dishwasher, electric water heater, HVAC compressor, EMS, electric dryer, etc).

	4.16
	Fixed Devices With Internal Metering Capability 
	OpenHAN

(adopted to remove wide-area communication architecture assumptions)
	This use-case notionally allows for individual devices to be metered or billed at different rates.

1.  End device indicates that communication connectivity exists.

2.  End device provides consumer with rate of consumption information.

3.  End device accumulates usage and reports back to the utility.

4.  End device also reports back other state information. (optional)

AEP Note: from OpenHAN this could be a gas meter, water meter, or some type of distributed energy resource device (e.g. energy storage, distributed generation, smart PV inverter, PHEV (PEV) Charging Station, etc.)

	4.17
	User Information
	OpenHAN

(adopted to remove wide-area communication architecture assumptions)
	1.  End device indicates the status of communication with the utility

2.  End device displays utility-generated messages

3.  End device requests user-specific data

4.  Data is provided to the end device as requested

Potential bearing on an appliance interface:  Information display could be on the communication module or on the appliance.

	4.18
	Load Control with text prompt, enumeration, time synchronization, and random start/stop
	AEP
	1. Utility sends a Direct Load Control Command to a type (enumeration) of smart appliance for execution some time period into the future.

2.  Utility sends some type of user prompt (text message) that coincides with the Direct Load Control Command (e.g., Start Date & Time, Priority, ID, Duration, etc.). 

3.  SAL receives both messages and if the enumeration matches what is discovered in the AIS, forwards the messages onto the Smart Appliance (includes an EMS) 

4. AIS acknowledges receipt of all messages and gets its time from the SAL (time sync).  Note:  Smart Appliance could notify the customer that an action is pending (e.g., annunciation - light an LED); Customer could opt out prior to the load control event starting (exception Use Case).

5.  In the case of two-way communications, SAL will relay AIS delivery acknowledgements back to the utility.

6. At the allotted time (uses time synchronization), AIS notifies the SAL that it started the execution of the command or requested action.  A random stop parameter can be generated by the SAL or within the appliance to prevent all loads from immediately dropping off line at the same time (e.g., grid stability).  Note the appliance may have its own clock or use the one in the SAL, however the SAL is the source of time for the appliance.

7.  In the case of two-way communications, SAL will relay AIS start of execution status back to the utility.

8.  Once the duration has expired or the customer has selected an override, the AIS will send an end of execution event or an "opt out" message to its SAL.

9.  In the case of two way communications, SAL will send end of event or "opt out" messages back to the utility.  

10.  Smart Appliances may return to normal operation on a random schedule (e.g., seconds to minutes) to avoid sudden change in load on the distribution system (Random Start).

	4.19
	Current and Available Load Reduction with Message-based Time Synchronization & Enumerated Smart Appliances
	AEP
	1. Utility sends a Direct Load Control Command or price (e.g., RTP, CPP, or TOU/TOD Price, etc.) to one or more types (enumerations) of smart appliances for execution immediately or some time period into the future.  Note:  An EMS can receive such signals from a utility and using customer preferences translate the request onto its provisioned smart appliances.

2.  Utility sends some type of user prompt (text message) that coincides with the Direct Load Control Command or Price (e.g., Start Date & Time, Value, Label, Priority, ID, Duration, etc.). 

3. SAL receives utility message(s) and if any of the enumerations match what is discovered in the AIS, then the SAL forwards the messages onto the Smart Appliance's AIS, which for the purpose of this discussion includes a premise or residential Energy Management System as a Smart Appliance. 

4. AIS acknowledges receipt of all messages and provides the SAL its current load consumption, and if available, projected energy usage for the time slot (e.g., start time and duration of command or price) indicated in the message.  Power or demand is also possible parameter to be communicated by the smart appliance.  The SAL provides an updated time to the AIS.  Assumption (?):  Is it plausible that certain low-cost smart appliances may not have a clock.?.  Note:  Time Synchronization should happen at some periodic interval (e.g., Once per Hour).

5.  In the case of two-way communications, SAL will relay AIS delivery acknowledgements along with current and projected energy values back to the utility or residential EMS.

6. At the allotted time, AIS notifies the SAL that it started the execution of the command or changed its behavior based upon the price level of the message.  The Smart Appliance provides its current energy usage and updated projection for the remaining duration or time slot of the message. Note the appliance may have its own clock or use the one in the SAL, however the SAL is the source of time for the appliance.

7.  In the case of two-way communications, SAL will relay AIS start of execution status and energy values back to the utility or residential EMS.

8.  Once the duration has expired or the customer has selected an override, the AIS will send an end of execution event or an "opt out" message to its SAL accompanied with the new energy values - current and remaining time-slotted projection (planned duration end time minus the opt out time) or some default projected value (e.g., Avg. energy projection on a per hour basis)..

9.  In the case of two way communications, SAL will send the energy values, end of event or "opt out" messages back to the utility or residential EMS.

	4.20
	Frequency Based Response
	PGE
	Through the AIS, the SAL can observe local line frequency.  Based on these observations, the SAL directs the appliance to reduce or sheds load in response to locally observed drops in line frequency.

This may be related to grid-emergency type signaling, with appliance responses kept brief in duration and not discernable by the end user.  

	
	
	
	


EMS – Specific Functions

	
	Title
	Source
	Use Description

	5.1
	Residential EMS Receives a Request to Shed Load
	AEP
	1.  Utility sends a request to the EMS to shed load.

2.  EMS receives the request and acknowledges it along with the following parameters:

     A. Current controllable Load

     B. Projected energy its attached devices may consume over that period

      C.  Available customer load (%) that is able to be shed that is based upon customer settings.

3.  Utility confirms how much of the available load it wishes the EMS to shed

4.  Residential EMS acknowledges the request and communicates a command to the effected smart appliance.

5.  Each SAL receives the request and communicates the request to each Smart Appliance's AIS.

6.  Each Smart Appliance acknowledges the SAL's request along with providing it with the current load being consumed, and if available, projected energy usage for the time slot (e.g., duration of the request).

7. In the case of two-way communications, SAL will relay AIS delivery acknowledgements along with current and projected energy values back to the Residential EMS.

8.  At the start of execution of the Direct Load Control Command, the Smart Appliance will communicate through its AIS the current load and projected load for the remaining time of the event.

9.  In the case of two-way communications, SAL will relay AIS delivery acknowledgements and values to the Residential EMS.

10.  At any time the current or projected load changes above or below a pre-defined threshold (delta), the Smart Appliance will send an asynchronous message through its AIS onto the SAL.

11.  In the case of two-way communications, the SAL will receive this event and forward it to the Residential EMS.

12.  The Residential EMS will receive this input and will either take no action, adjust other customer allowable load to make up the difference, and or notify the utility of the change by sending an asynchronous event.    

	5.2
	Residential EMS Receives an Updated Price or Price Schedule
	AEP
	1.  Utility sends an updated price or price schedule to the Residential EMS.

2.  Residential EMS receives the request and acknowledges it.

3.  Residential EMS sends the updated price with duration to each of its connected Smart Appliances.

4.  SAL receives the price(s) and duration and sends it to the AIS of the Smart Appliance.

5.  The AIS receives the price(s) and corresponding duration(s) and acknowledges receipt back to the SAL through its AIS interface.

6.  In the case of two-way communications, SAL will relay AIS delivery acknowledgements along with current and projected energy values back to the Residential EMS for the current price period in effect.

7.  At the start of execution of the next price period, the Smart Appliance will communicate through its AIS the current load and projected load for the remaining time period for that price.

9.  In the case of two-way communications, SAL will relay the updated current and projected load information upto the Residential EMS.

10.  At any time the current or projected  load changes above or below a pre-defined threshold (delta), the Smart Appliance will send an asynchronous message through its AIS onto the SAL.

11.  In the case of two-way communications, the SAL will receive this event and forward it to the Residential EMS.

12.  The Residential EMS will receive this input and will use it during logical decisions taking into account customer preferences and desired usage profile, as well as, presentation of usage information to the customer (e.g., Usage histograms, savings obtainable by changing ones behavior here or there, and current and projected cost for using each smart appliance.


Information Exchanges Implied by Use Cases

	Ref

#
	Information
	Potential Application
	Possible Information Exchanges
	Anticipated by: (Use Case Number)

	1. 
	Price
	Load shedding
	Utility ( SAL
	SAL ( Appliance 

(if price is not interpreted by SAL)
	4.1, 4.2

	2. 
	Acknowledge
	Verification of any message receipt or of command execution
	Utility ( SAL
	SAL ( Appliance
	4.3, 4.11, 4.12, 4.13 (possible for any)

	3. 
	Load control signals (other than price, such as L,M,H shed)
	Mandatory or Voluntary Load shedding
	Utility ( SAL
	SAL ( Appliance
	4.3, 4.11, 4.18, others

	4. 
	Grid Emergency
	Mandatory load shedding
	Utility ( SAL
	SAL ( Appliance
	4.5

	5. 
	Event Schedule (time, type, duration)
	Future load shedding
	Utility ( SAL
	SAL ( Appliance
	4.2, 4.4

	6. 
	Cancel Command
	To cancel either current or future scheduled events
	Utility ( SAL
	SAL ( Appliance
(if schedule was in appliance)
	4.4

	7. 
	Time
	Setting clocks on SAL devices and/or end appliances
	Utility ( SAL
	SAL ( Appliance
	4.2, 4.12

	8. 
	Current appliance operational state
	Real-time predictability of available load that could be shed
	Utility ( SAL
	SAL ( Appliance
	

	9. 
	Type of device and/or characteristics
	Predictability of what load can be shed
	Utility ( SAL
	SAL ( Appliance
	4.15

	10. 
	Appliance connection verification
	Utility verification that the appliance is connected 
	Utility ( SAL
	SAL ( Appliance
	2.7

	11. 
	Communication device connection verification
	Verification on the communication device that it is successfully receiving or connected on the communication system
	Utility ( SAL
	
	2.6, 2.10

	12. 
	Appliance connection verification
	Verification on the appliance that it is successfully receiving or connected on the communication system
	
	SAL ( Appliance
	4.17

	13. 
	Opt-out or override informing
	Customer took action to avoid or bypass expected curtailment 
	Utility ( SAL
	SAL ( Appliance

(if opt-out is on appliance)
	4.3, 4.9

	14. 
	Text message
	Human readable information to the customer
	Utility ( SAL
	SAL ( Appliance
	4.17, 4.18

	15. 
	Power line coupling
	Some means of allowing  PLC type  communication devices to transmit and receive via the appliances connection to the wall 
	
	SAL (( Appliance
	3.2

	16. 
	Customer preferences
	Customer configuring of how appliances should respond  (price thresholds for example)
	Other ( SAL 
	SAL ( Appliance  (if not interpreted at SAL)
	4.9

	17. 
	Line Frequency
	The AC line voltage, or some representation thereof, to allow communication devices to monitor line frequency.
	
	SAL ( Appliance
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