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Introduction

This document is submitted to NAESB and the PAP10 working group as a starting point towards defining a specific energy usage standard for the smart grid.  This document contains a rough proposal for a language to express energy usage information.  The language is simple and applicable to expressing usage information generated by residential meters, commercial meters, shadow meters, individual load meters, etc.  The language can also express price and cost information, either in conjunction with readings, or separately to express simple forms of rate structures.  The language is presented as an abstract syntax with a proposed XML-based concrete syntax to facilitate illustration.  Details of the concrete syntax should be considered less well-defined and needing greater consideration.

This document is offered under the Creative Commons Attribution-Share Alike license (see footer) in order to defuse intellectual property concerns and to ensure that any energy usage language or definition or standard based on this work will be generally available.

Notation
In the following definition, we follow Backus-Naur Form (BNF).  Briefly, italic letters are clauses;  typewriter  letters are specific concrete syntax items; the notation a ::= b c d defines the clause a to consist of subclauses b followed by c followed by d; the notation a | b indicates an occurrence of either clause a or clause b; and the notation [ a | b | c … | z ]1+ indicates one or more occurrences of clauses a through z in any order but with at most one occurrence of any given clause.

Abstract Syntax

We name the following abstract elements that will have specific concrete representations, to be specified later:

r
Real power in watts


i
Reactive (or complex) power in watts


a
Apparent power in watts


v
Voltage in volts


h
pHase angle in degrees


s
Start date/time


e
End date/time


d
Duration


p
Price in currency/watt


c
Cost in currency


x
sensor identifier

Assuming concrete syntactic representations of the above abstract elements, we define a measurement as follows:


m  ::=  [ s | e | d ] 1+  [ r | i | a | v | h | p | c ]1+
with some restrictions as follows.  One of s or e must be present.  If only one of s or e is present and d is not present, then neither p nor c may be present.    If r, i, and a are all present, they must be consistent in that a = sqrt( r*r + i*i ).  If r, p, and c are all present, then they must be consistent in the sense that c = r * p.

A measurement that consists of only a start time or end time and no duration is an instantaneous reading.  Such a reading expresses load at a given instant, but does not indicate consumption.  For this reason, price and cost are not allowed in an instantaneous reading, and thus at least one of r, i, a, v, or h must be present.
A measurement that consists of both a start time and an end time, or one of those and a duration, is an interval reading.  An interval reading can be interpreted as average usage over the specified interval of time.
A measurement that includes only price or cost is also called a rate.
Usage information is a sensor identifier associated with a series of measurements:


u  ::=  x [ m ] 1+
With these definitions in place, and appropriate concrete syntax selected for the various such as real power, apparent power, price, start time, end time, etc. that have not yet been defined, it is possible to express many useful forms of energy information:
· a series of instantaneous readings such as returned by a TED5000

· a series of interval readings such as 15-minute data from an AMI meter

· a mix of readings from different load-monitoring sensors in a residence

· a series of interval readings with price and cost information included

· a time-of-use or real-time pricing structure, expressed as a series of rates
It is possible to perform operations on usage information:

· summarize usage by condensing intervals to shorter ones

· aggregate usage by summing measurements from different sensors and the same date/time intervals

· multiply a series of interval readings by a pricing structure to get priced readings

· etc.

The results of these operations can be expressed in the same language.

Examples
With appropriate concrete syntax defined for an XML Schema, one example of measurements expressed using this language framework could look like the following:

<usage>

  <sensor>

    <vendor>TED</vendor>

    <serial>1234</serial>

    <mac-address>12:23:34:43:43:43</mac-address>

  </sensor>

  <measurement

    start=”2010/06/15 12:10:05.000”

    duration=”15:0.000”

    real_power=1255.0

    reactive_power=140.0

    volts=123.2

  />


  <measurement

    start=”2010/06/15 12:25:05.000”

    duration=”15:0.000”

    real_power=3255.0

    reactive_power=540.0

    volts=123.0

  />

</usage>
Here we have specifically selected a rather verbose concrete syntax, but other more concise syntaxes might be preferable to avoid bloat.  Shorthands could also be used to reduce data size, such as allowing the start time of a measurement to be assumed as the end time of the previous.  Alternatively, data bloat might be dealt with by compression.
Issues for Further Consideration

Other kinds of measurements that must be included?

How to express the precision of a measurement?

How to express a series of measurements in a highly concise way, while staying in an XML framework?

How to best compress XML data?   There does not appear to be an accepted standard for this.

Header information that is needed for a set of measurements?

What other information is needed to identify sensors?
� Our []1+ notation is a variant of the more common []* and []+ notations, adding the restriction against repetition of the subclauses.


� These restrictions will be easier to understand on a second reading once the context is understood.
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