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Introduction 

This contribution is being made to the NIST Smart Grid Interoperability Standards Project, and to the associated Home to Grid domain expert working group, Priority Action Plans 2, 9, and 15.  

This document briefly summarizes the idea of a standardized interface (a connector) for appliances that can allow them to work in demand response programs using any communication technology.  This is being presented as an alternative to selecting one (or a few) communication technologies without first allowing field experience and free market preferences to naturally identify best-solutions.  
The definition of a standard interface provides manufacturers with the option of a modular approach that can be used to enable widespread demand-response in the immediate future. Appliance manufacturers do, of course, always have the option of embedding communication devices inside their appliances and will choose this without prompting when market data indicates that it makes sense.  
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 (PLC, Wireless, local area or wide area) 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 and making residential DR economical. 
5. Ability to remove the communication module at any time assures the customer that they maintain 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.

7. Serving as a potential place to house intelligence, allowing utilities the freedom to learn best-practices for residential DR over a period of years, yet without rendering appliances obsolete.

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.  If and when field data indicates that modularity is no longer needed, appliance manufacturers may freely choose to integrate a select communication technology into their appliance.  It is uncertain, however, that they would choose to do this because an appliance’s useful service life is much longer than the typical communication technology life-cycle.  It is interesting to note that, in the case of computers, the flexibility of the PCMCIA interface was retained, even when Wi-Fi was 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 many members of 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 ~ 70 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.  These technologies might include any wide-area communication system, whether public or utility private.  The illustration on the right places the smart appliance on a local network, accessed either from the Internet or a local energy management system.  Devices used in this application would include all kinds of short-range or local area technologies.  The diversity in these approaches is rooted in the fundamental situational differences faced by utilities – differences in customer density, customer makeup, regional topography, and both available and forecasted communication systems.  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.  Such evolution paths are needed because utility-accessible in-premise networks will not be available in the majority of homes for a decade or more.

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.  Several organizations and standards bodies could potentially be involved, such as AHAM, AHRI, ASHRAE, and ANSI.  NIST is able to coordinate the activities of these and other organizations in such an effort.
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 Interim NIST Interoperability Standards effort, the OpenHAN specification has served a key role in establishing how information may be exchanged with devices in customer premises.  Although the OpenHAN Task Force would likely not be involved in development of a standard interface, it is believed that the organization may be ideally suited to define the functional requirements that such an interface must satisfy.  Without assistance from NIST, 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 be otherwise possible.  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.
Summary
This document is being contributed to NIST and the related NIST working groups to inform of the ongoing study on this topic and to suggest that consideration be given to the recognition of such an interface.  It is suggested that such recognition could satisfy the goal of removing barriers to Smart Grid implementation while at the same time mitigating many of the technical hurdles faced today.  Figure 3 illustrates the concept in terms of NIST interface diagrams.
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Figure 3 – Viewing Appliances and Their Communication Modules Separately

To be clear, it is not suggested that any standard require an appliance to include a modular interface.  Rather, the suggestion is to standardize the definition of the interface itself, and to allow manufacturers to freely choose if and when to incorporate it.
The identification of such an interface can be viewed as being supportive of ongoing NIST activities that are addressing DR signals (PAP9), RF issues (PAP2), and PLC issues (PAP15).  In widespread use, such an interface would provide a large base of products on which suggested technologies could be evaluated and utilized.  Notionally, the recommendations that come from PAP2 and PAP15 would be among the first for which standard appliance modules would be created.  In the future, other SGIP initiatives will likely approve of other standards not yet identified, such as new types of DR signals, new pricing protocols, new time synchronization means, or new communication technologies.  These too would find ease of introduction into field programs through the use of a standardized modular approach.  
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