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Abstract:

Energy interoperation describes a data model and a communication model to enable collaborative and transactive use of energy;. Web services definitions, service definitions consistent with the OASIS SOA Reference Model, and XML vocabularies for the interoperable and standard exchange of: 

· Dynamic price signals 

· Reliability signals 

· Emergency signals 

· Communication of market participation information such as bids 

· Load predictability and generation information 

This work facilitates enterprise interaction with energy markets, which: 

· Allows effective response to emergency and reliability events 

· Allows taking advantage of lower energy costs by deferring or accelerating usage, 

· Enables trading of curtailment and generation, 

· Supports symmetry of interaction between providers and consumers of energy, 

· Provides for aggregation of provision, curtailment, and use, 

The definition of a price and of reliability information depends on the market context in which it exists. It is not in scope for this TC to define specifications for markets or for pricing models, but the TC will coordinate with others to ensure that commonly used market and pricing models are supported. 
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1 Introduction

Energy Interoperation defines a framework for communications between energy suppliers and consumers, markets and service providers as shown abstractly below. Energy Interoperation serves all of the arrows that represent communications. 
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Energy Interoperation defines messages to communicate price, reliability, and emergency conditions. These communications can concern real time interactions, forward projections, or historical reporting. These messages provide a foundation for market based balancing of energy supply and demand while supporting greater consumer choice as to energy source, as well as messages for contracts and more.
Energy supplies are becoming more volatile due to the introduction of renewable energy sources. Energy supply margins are becoming smaller. The introduction of distributed energy resources is creating more granular markets of energy with localized surpluses and shortages. 

Energy consumers will need technologies to manage their local energy supply, including curtailment, storage, generation, and time-of-use shifting. Energy Interoperation messages will provide notice of emergency and reliability events, and allow consumers to take advantage of lower energy costs by deferring or accelerating usage, and to trade curtailment, generation and energy supply rights. Energy Interoperation does not specify which technologies consumers will use, rather it defines a technology agnostic interface to enable accelerated market development of such technologies.

Energy suppliers must be able to schedule resources, manage aggregation, and communicate both the scarcity and surplus of energy supply over time. Suppliers will use Energy Interoperation to inform consumers of emergency and reliability events, to trade curtailment and supply of energy, and to provide intermediation services including aggregation of provision, curtailment, and use.

 Energy Interoperation relies on standard format for communication time and interval [WS-Calendar] and for Energy Price and Product Definition [EMIX]. This document assumes that there may be symmetry of interaction at any Energy Interoperation interface, i.e., that providers and consumers may reverse roles during any period.

Energy Interoperation is developing this specification in support of the National Institute of Standards and Technology (NIST) NIST Framework and Roadmap for Smart Grid Interoperability Standards, Release 1.0 in support of the US Department of Energy (DOE) as described in the Energy Independence and Security Act of 2007 (EISA 2007). 

Under the NIST Roadmap, the North American Energy Standards Board (NAESB) surveyed the electricity industry and prepared a consensus statement of requirements and vocabulary. This work was submitted to the Energy Interoperation Committee on [date here].

All examples and all Appendices are non-normative. 
1.1 Terminology

The key words “MUST”, “MUST NOT”, “REQUIRED”, “SHALL”, “SHALL NOT”, “SHOULD”, “SHOULD NOT”, “RECOMMENDED”, “MAY”, and “OPTIONAL” in this document are to be interpreted as described in [RFC2119.

1.2 Normative References

[RFC2119]
S. Bradner, Key words for use in RFCs to Indicate Requirement Levels, http://www.ietf.org/rfc/rfc2119.txt, IETF RFC 2119, March 1997.
[RFC2246]
T. Dierks, C. Allen Transport Layer Security (TLS) Protocol Version 1.0, http://www.ietf.org/rfc/rfc2246.txt, IETF RFC 2246, January 1999.

[SOA-RM]
OASIS Standard, Reference Model for Service Oriented Architecture 1.0, October 2006.
http://docs.oasis-open.org/soa-rm/v1.0/soa-rm.pdf 
[EMIX]
OASIS Specification, Energy Market Information Exchange 1.0, month 2010.
http://docs.oasis-open.org/emix/v1.0/emix.pdf 

[WS-Calendar]
OASIS Specification, WS-Calendar 1.0, month 2010.
http://docs.oasis-open.org/ws-calendar/v1.0/ws-calendar.pdf 

[WSRM]
OASIS Specification, WS-Reliable Messaging 1.1, November 2004.
http://docs.oasis-open.org/wsrm/ws-reliability/v1.1/wsrm-ws_reliability-1.1-spec-os.pdf 
1.3 Non-Normative References

[OpenADR]
Piette, Mary Ann, Girish Ghatikar, Sila Kiliccote, Ed Koch, Dan Hennage, Peter Palensky, and Charles McParland. 2009. Open Automated Demand Response Communications Specification (Version 1.0). California Energy Commission, PIER Program. CEC-500-2009-063. 

[BACnet/WS]
 ANSI/ASHRAE Addendum Cc to ANSI/ASHRAE Standard 135-2004, BACnet Web Services Interface. 
[Galvin]
Galvin Electricity Initiative, Perfect Power, http://www.galvinpower.org/perfect-power/what-is-perfect-power 
[SOA-RA]
OASIS Public Review Draft , Reference Architecture for Service Oriented Architecture Version 1.0, April 2008
http://docs.oasis-open.org/soa-rm/soa-ra/v1.0/soa-ra-pr-01.pdf 
[TEMIX]
OASIS Energy Market Information Exchange Technical Committee, Tranactional Energy White Paper, May 2010 (INSERT URI)
[WS-Addr]
Web Services Addressing (WS-Addressing) 1.0, W3C Recommendation, http://www.w3.org/2005/08/addressing .

[ebXML-MH]
Electronic Business XML (ebXML) Message Service Specification v3.0: Part 1, Core Features, OASIS Standard, http://docs.oasis-open.org/ebxml-msg/ebms/v3.0/core/os/ebms_core-3.0-spec-os.pdf, October 2007. 

NAESB References
1.4 Naming Conventions

This specification follows some naming conventions for artifacts defined by the specification, as follows:

For the names of elements and the names of attributes within XSD files, the names follow the CamelCase convention, with all names starting with a lower case letter. For example,
<element name="componentType" type="energyinterop:ComponentType"/>
For the names of types within XSD files, the names follow the CamelCase convention with all names starting with an upper case letter. For example,
<complexType name="ComponentService">

For the names of intents, the names follow the CamelCase convention, with all names starting with a lower case letter, EXCEPT for cases where the intent represents an established acronym, in which case the entire name is in upper case. 

An example of an intent which is an acronym is the "SOAP" intent.


1.5 Architectural References

Energy Interoperability defines a service oriented approach to energy interactions. Accordingly it assumes a certain amount of definitions of roles, names, and interaction patterns. This document relies heavily on roles and interactions as defined in the OASIS Standard Reference Model for Service Oriented Architecture.
2 Overview of Energy Interoperation
2.1 Scope

General Scope Definition

Energy Interoperation will support transactional energy, demand response, and other interactions including communication of usage and load, M&V (?), as well as other interactions that fit in the interaction framework defined here.
Energy Interoperation can be viewed broadly within a transactional energy framework. That is, the main idea is communication of transactions—negotiating contracts. Contracted services break down into the following functions:

· Contract Offering

· Contract Execution

· Contract Call (Events)
· Contract Performance 
Demand response can be seen as a subset or one way of implementation of contracts. That is, a DR program is a contract that is offered and accepted (executed). It is a pre-executed contract, for which the contract specifies some details about contract calls and expected performance when the call comes. In this context, Energy Interoperation includes a subset of specific DR messages that support current DR programs. 
(a figure would be nice for this “DR in transactional energy” perspective)

While this specification supports agreements and contractual obligations, this specification offers flexibility of implementation to support specific programs, regional requirements, and goals of the various participants including the utility industry, aggregators, suppliers, and device manufacturers.  
It is not the intent of the Energy Interoperation Technical Committee to imply that any particular contractual obligations are endorsed, proposed, or required to implement this specification. Energy market operations are beyond the scope of this specification although the interactions that enable management of the actual delivery and acceptance are within scope. Energy Interoperation defines interfaces for use throughout the distribution chain of electricity as well as supporting today’s intermediation services and those that may arise tomorrow. 
The scope of Energy Interoperation is broader than the requirements for an information model and messages for the communication of DR and DER signals, as called for in the NIST Priority Action Plan 09. PAP09 provides input to the Energy Interoperation standard in the form of DR and DER requirements from NAESB. Additional inputs include established information model in OpenADR and the IEC 61968 CIM and also pieces from existing standards and those in development. Beyond DR and DER, Energy Interoperation is examining a generic communication framework to enable collaborative energy, including market interactions, as reflected in this document.
Specific scope statements

The following Interaction patterns and services are in scope:

· 
· Market communications to support transactional energy.

· Specific offerings by end nodes to alter energy use.

· Measurement and verification of actions taken, including but not limited to load and usage information, historical, present, and projected.

· Notifications requesting performance on contracts offered.

The following are out of scope:

· Requirements specifying the type of contract, agreement, or tariff used by the market.

· Validation and verification of contract performance, except for validation of curtailment and generation. 

· Communication (e.g. transport method) to carry the messages from one point to another. The messages specified in Energy Interoperation should be able to be transmitted via a variety of transports.
2.2 
Approach

Transactional Energy
(Just the skinny version of transactional energy—maybe the summary from Ed’s doc. Ref his white paper)
Collaborative Energy 

(Shorter version with big bigger main points that define collaborative energy, including those in the two paragraphs below, and beginning of the sub-section farther down. I don’t think the Collaborative Energy In Residences, Commercial Buildings, Industry sub-sections really belong—that is, we don’t need a white paper on collaborative energy—maybe reference pubs elsewhere.)
Energy Interoperation assumes symmetry of interface and independence of actors. Every interface is an interaction between autonomous grids. Each grid is responsible for the operations of its own resources and the marshaling of its own energy response. Consistency of communications allows the same model to work for homes, small businesses, commercial buildings, office parks, neighborhood grids, and industrial facilities (hereafter, the end nodes), simplifying interoperation across the broad range of energy providers, distributors, and consumers, and reducing costs for implementation. 

Each node of the grid is treated as an independent microgrid. Microgrids are small, local, versions of the bulk power grid that optimize the local distribution system and may include local generation and storage. A microgrid may contain smaller microgrids and be part of a larger microgrid; communication interface at the edge of each microgrid is the same. 

 Service Orientation 
Combine existing 2.X subsection with paragraph below

Energy Interoperation does not exclude other forms of energy distribution, i.e., natural gas or thermal energy. It will act quickly to address the issues that are known, and the participants that are at the table, but will always consider general semantics as well as electrical power management specific ones.

To support the consumer focus of Energy Interoperation, the committee’s work will value transparency throughout the value chain that delivers energy to the consumer. 

Service Oriented Architecture (SOA) is a paradigm for organizing and utilizing distributed capabilities that may be under the control of different ownership domains. Capabilities to solve or support a solution for the problems they face in the course of their business. SOA provides a powerful framework for matching needs and capabilities and for combining capabilities to address those needs. 

Visibility, interaction, and effect are key concepts in SOA. Visibility refers to the capacity for those with needs and those with capabilities to be able to see each other. This is typically done by providing descriptions for such aspects as functions and technical requirements, related constraints and policies, and mechanisms for access or response. The descriptions need to be in a form (or can be transformed to a form) in which their syntax and semantics are widely accessible and understandable. Whereas visibility introduces the possibilities for matching needs to capabilities (and vice versa), interaction is the activity of using a capability. 

SOA practitioners distinguish between public actions and private actions. Private actions are inherently unknowable by other parties. Public actions result in changes to the state that is shared between at least those involved in the current execution context. Real world effects are couched in terms of changes to this shared state. A cornerstone of SOA is that capabilities can be used without needing to know all the details. 

SOA is not itself a solution to domain problems but rather an organizing and delivery paradigm that enables one to get more value from use both of capabilities which are locally “owned” and those under the control of others. Although SOA is commonly implemented using Web services, services can be made visible, support interaction, and generate effects through other implementation strategies

We use the terms “collaborative energy” and “transactive energy” to describe this approach. As it is the intent of Energy Interoperation to support the development of new business models and the new interaction patterns, it is not possible or appropriate fully and definitively to define these terms today. 

Use of existing information models
Where appropriate, Energy Interoperation uses semantics from the Power Management Common Information Model (CIM) developed by IEC TC57. Energy Interoperation eschews the deep integration that characterizes CIM-based integration for a lighter service oriented model.

Energy Interoperation is a composite standard. It relies on components produced by multiple Technical Committees. EMIX (Energy Market Information Exchange) communicates price and product description—and prices and products vary over time. WS-Calendar will define the time and interval aspects of both EMIX and of Energy Interoperation. 
Mention PAP10 info model as well. 
2.3 Requirements 

The scope of Energy Interoperation covers market and more specific DR interactions. There are a number of requirement documents that have been drawn upon to address different elements of Energy Interoperation as described here.

NAESB DR and DER signal requirements
The NAESB PAP09 document (proper title and ref) provides the following high-level requirements:
1. DR signals standardization must support all four market types and must consider key differences that exist and will continue to exist in all four market types:

· a) no open wholesale and no retail competition

· b) open wholesale market only

· c) open retail competition only

· d) open wholesale and open retail competition.

2. Wholesale market DR signals and price communication have different characteristics than retail market DR signals and price communication, although commonality in format is feasible. 

3. Most Customers, with some exceptions among Commercial and Industrial (C&I) Customers, will not interact directly with wholesale market when it comes to DR signals and price communication. 

4. Retail pricing models are complex, due to the numerous tariff rate structures that exist in both regulated and un-regulated markets. Attempts to standardize DR control and pricing signals must not hinder regulatory changes or market innovations when it comes to future tariff or pricing models. 

5. New business entities such as Energy Service Providers (ESP), Demand Response Providers (DRP), DR Aggregators, and Energy Information Service Providers (ESIP), will play an increasing role in DR implementation. 

6. DER may play an increasingly important role in DR, yet the development of tariff and/or pricing models that support DER’s role in DR are still in early stages of development. 

7. The Customer’s perspective and ability to react to DR control and pricing signals must be a key driver during the development of DR standards. 

OpenADR
Acknowledging OpenADR as an input, although I’m not sure if this is “requirements”

NIST Framework and Roadmap PAP09 guidance
Requirements pulled from the Framework PAP09 document that lay out the vision for collaborative energy, price communications, etc., beyond DR and DER signals. 

Other Requirements (?)
· PAP10 inputs

· EISA requirements (most are customer interface related)

· Interval metering (is that PAP10)

In addition, it is the policy of the Energy Interoperation Technical Committee that

8. Where feasible, customer interfaces and the presentation of energy information to the customer should be left in the hands of the market, systems, and product developers enabled by these specifications. 

2.4 Collaborative Energy

Collaborative energy relies on light coupling of systems with response urgency dictated by economic signals. Consumers are able to respond as little or as aggressively as they want. “Every brown-out is a pricing failure.” 

Because collaborative energy requires no detailed knowledge of the internal systems of the end nodes, it is indifferent to stresses caused by changes in technology within the end node, and is more accepting of rapid innovation 

Because collaborative energy offers economic rewards without loss of autonomy, end nodes may seek to maximize their economic opportunities. Collaborative energy creates a market for end-node based technologies to save, store, or generate electricity on demand. 

Collaborative energy signals are results oriented signals and are agnostic about technology. Light, loose integrations based on service–oriented signals adopt enterprise best practices.

Collaborative Energy in Residences

It is a long-held dictum that residences were unable to participate effectively in price-based demand response. The ground-breaking Olympic Peninsula Project disproved that assumption as homeowners were able to better reduce energy usage and respond to local congestion when responding to price signals than were homes under managed energy.

The Olympic Peninsula Project was distinguished from a traditional managed energy project by its smart thermostat and meter. Direct control of building systems using managed energy approaches were transferred from the managing utility to the thermostat. Price signals and an innovative user interface then transferred autonomy and decision-making to the home owner.

Collaborative Energy in Commercial Buildings
Larger commercial buildings have long had the intelligent infrastructure necessary for collaborative energy. Large buildings have custom control systems, often based on PCs. These custom control systems make commercial ideal candidates for collaborative energy.

The growth of collaborative energy in commercial buildings will be stimulated the sharing of live usage and price information. 

Collaborative Energy in Industry

It is often expensive for an industrial site to curtail significant load on short notice. Industrial processes are characterized by long run times and large, if predictable, energy use. Industrial sites are not a primary focus of DR.

Industrial sites do have three means of participating in collaborative energy. (1) They can schedule those long running processes in advance. (2) Because of their scale, industrial sites can manage the shape of their load, balancing internal processes. (3) Industrial sites are often supported by combined heat and power plants that can be assets to a stressed grid.

Collaborative energy scheduling in industrial sites requires that the plant operators know the energy profile of long-running processes. The site operators can then request bids that energy profile on various schedules. Using price signals, the supplier can influence when those processes occur. This allows large-scale load shifting and improves the suppliers’ ability to estimate loads. 

Within a large facility, there may be many motors, and many different environmental systems. Such loads are episodic, using lot so energy when running, and none when they are not. Large energy consumers are often charged for peak load, as well as for overall energy use. Operators can coordinate systems so that energy spikes from different systems do not coincide. 

This sort of load shaping becomes more important as the operating safety margins of the grid become less. While load shaping may cause some inconvenience at any time, it is much more valuable to supplier during peak energy events on the grid. Differential pricing by time or dynamic pricing for load spikes as well as overall load size can aid in grid stability. Time differential pricing of usage spikes can also encourage shifting of overall load, as the convenience of day-time operations is offset by the convenience ignoring load shaping.

Generation that produces multiple usable energy streams is known as cogeneration. Combined heat and power, wherein a facility produces electricity and steam is the most common kind of cogeneration. A cogeneration facility can often, within limits, vary the output of thermal and electrical energy. Because it usually has a distribution system for thermal energy, it has the means to store thermal mass. Economic incentives through collaborative energy give industrial sites the incentives to further develop these capabilities.

Summary of Collaborative Energy

Collaborative energy relies on intelligence in each end node of the grid. That intelligence is embedded in systems that understand the particular features of each end node better than a central supplier ever will. In particular, systems in the end node will better understand the business processes and aspirations of the occupants of that end node than will the grid.

Collaborative energy response by each end node will be more variable than is managed energy. An end node may decide whether to participate in any event. The end node may also choose to participate more fully, as an autonomic decision, in a particular DR event.

If price and risk arbitrage, coupled with obscure regulated accounting, are barriers to the smart grid, the generative solution includes shared honest, transparent accounting and limiting the interoperation points and complexity for the smart grid. In other words, we need to treat energy markets more as we treat financial markets.

Under collaborative energy, service performance matters more than process performance. This reduces the complexity required at the grid level to manage distributed energy resources (DER). Both generation and drain-down of storage may be indistinguishable from demand response. Battery filling is just one more service responding the cheap energy. 

2.5 Service Orientation

Service orientation refers to an integration approach that focuses on the desired results rather than the requested processes. Service orientation complements loose integration. Service orientation organizes distributed capabilities that may be in different ownership domains. 

Visibility, interaction, and effect are key concepts for describing the SOA paradigm. Visibility refers to the capacity for those with needs and those with capabilities to be able to see each other. Interaction is the activity of using a capability. A service provides a decision point for any policies and contracts without delving into the process on either side of the interface,

Services are concerned with the public actions of each interoperating system. Private actions, e.g., those on either side of the interface, are considered inherently unknowable by other parties. A service can be used without needing to know all the details of its implementation. Services are generally paid for results, not effort. 

2.6 Transactional Energy

Services require abstractions. The fundamental transaction of the smart grid is the acquisition of energy at a point in time. The value of that energy changes over time because of changes in supply and changes in value (demand).

The common abstraction for supply, demand, and scarcity and value is money. For a commodity, it may be the only abstraction that matters. The signals between the services must be primarily economic.

Economic signals are light and loose; economic signals exchange only the minimal information of supply, scarcity, and value. Service economies pay for results rather than for efforts; transactional energy is service oriented.

Barriers to Transactional Energy.

Transactional energy relies on clear, clean signals that can be easily understood. Because most energy transactions are small, they must be automatable to achieve full participation. Anything that muddies the economic signals is a barrier to transactional energy.

Price and risk arbitrage, traditional services provided by utilities, muddle economic signals. By dulling the signal, they lessen the response.

Using tariffs instead of prices decreases the transparency of message needed for smart grid interactions. Suppliers who wish to make service-supporting systems need national markets over which to amortize their development costs. Tariffs are inherently local. If a tariff is used to generate a price, that generation is an internal and inherently occult process. Service interfaces should always express the results of those tariffs as simple prices.

Contrasts between Transactional Energy and Traditional Practice

Current practice requires minimal costs, minimal configuration, and minimal customer involvement or buy-in. For those reasons, traditional practice fits well in a market of low energy costs, generous operating margins, predictable energy supply, stable energy technologies, and minimal peak energy events. These conditions may not be the norm going forward.

Transactional Energy engages the customer, his comfort, and his preferences. It ameliorates rising energy costs by granting the consumer information to control her purchases. It empowers the consumer to make choices as to energy source and characteristics. It expands the range of response by leveraging the consumer’s knowledge of present circumstances. It uses economic signals to engage the consumer in early adoption or technologies for site-based generation and storage—and then leverages the value synergies between the two. It unlocks the technology interconnect between technologies in the grid and technologies in the end node. 

Consumer engagement, through the consumer’s own comfort, the consumer’s preferences and values, and the consumer’s budget and business, is at the core of Transactional Energy. 

2.7 Other Considerations

While the principle of parsimony would reduce all responses to prices and nothing more, some interactions are in fulfillment of longer term agreements. Every transaction takes place in a context, which may include any number of existing contracts with terms and conditions. 

For example, a consumer may enter into a contract that guarantees a fixed price in return for an agreement to shed load whenever the supplier declares “Code Lavender.” Under such a contract, the consumer might agree to respond in a set way, say shed 50% of load or turn off all the lights, whenever it receives notification of contract call. The consumer may or may not receive additional consideration for each contract call. 
Grid reliability events are over-arching conditions that apply to all contracts. A grid reliability event may consist of no more than a quick warning that power will be unavailable in just a few moments. In such circumstances, no power may be available at any price. One could consider the grid reliability event to be a mandatory special term, as above, applied to all contracts.

2.8 Requirement for Interval Metering

Energy Interoperation assumes a capability of interval metering smaller than the billing cycle. If there is no mechanism for granular interval metering, this standard is not appropriate. 
Explanation needed. Metering is for M&V and allowing responsive facilities.This text needs correction.
3 Elements of Energy Interoperation

3.1 Vocabulary for Energy Interactions

Energy markets have been characterized different definitions and terminology that varies from one market to another. A common understanding of the terms is necessary to understand the communications defined herein. The normative definitions below draw from a number of sources. The most important source is the work contributed by NAESB to support the NIST Smart Grid Interoperability process

Actors

The list of actors for Demand Response and Distributed Energy Resources is based upon the NAESB standard actors for DR and DER. 

Market Interactions

Transaction definitions use equity and futures trading terminology from existing financial markets.. This specification is intended to support messages that operate within a standing agreement between two parties as well as the exchange of standardized contracts between anonymous parties in a structured market.
Use of EMIX to describe contract qualities

EMIX defines products and the time intervals they are available. EMIX intervals optionally include absolute amounts of product available or purchased. EMIX also defines significant market attributes of each interval such as source, transport, and other ancillary attributes. EMIX messages may also include a consecutive series of identical products, each with a its associated price. 

3.2 Services of Energy Interoperation

Service oriented Architectures do not exist without services. Services are the essential element of integration and interoperation.

Price Communication for Transactional Energy

The beginning of transactional energy and collaborative energy is a clear common understanding of price and product. As these are defined by reference to the EMIX standard, we will not linger on defining those here. The first service provided by Energy Interoperation the common communication of the price, whether from a regulated or competitive retail supplier to the end customer. 
The essential issues in price communication are:

Real-time price for any amount of energy or

Forward prices for forward commitments of energy for specified intervals that can be added up to meet the desired forward purchases of the customer with any residual purchase or sale at real-time prices, or

Any amount of energy at forward contracted prices that is independent of real-time price or any further transactions (this is actually an option to purchase energy). 
Reduction Contracts and Events including Demand Response

Market Operations in smart energy are used to determine the prices for various actions. Market operations create contracts that determine how energy is supplied and used. Contracts for energy can be classified as follows:

(1) Contracts for Energy Supply

(2) Contracts to Reduce Load, i.e., to reduce the use of energy below that level that would otherwise be used (Demand Response).

(3) Contracts to implement a process that has previously been agreed to. A response to the communication of a grid integrity is one such process, but others may be defined.

(4) Call options for the supplier buy back at prescribed (high) prices energy that has previously been committed.

Measurement and Verification
I am awaiting further clarification of Verification and Compliance.
3.3 Energy Services Interface

The Energy Services Interface (ESI) is the external face of the energy management systems in the end node. The ESI facilitates the communications among the entities (e.g. utilities, ISOs) that produce and distribute electricity and the entities (e.g. facilities and aggregators) that manage the consumption of electricity. An ESI may be in front of one system or several, one building or several, or even in front of a microgrid.

This work assumes that there is no direct interaction across the ESI.

4 Energy Interoperation Architecture

In this section we describe the Energy Interoperation architecture, define the terms, and how the architecture defines interaction patterns and services.
4.1 Architectural Overview

The Energy Interoperation architecture views interoperation as taking place between related actors, where one designated actor is (for a specific interaction) closer to the root of the interaction tree and several actors are one step further from the root of that same tree.

Actors may participate in many interactions simultaneously. For example, a particular actor may participate in multiple Demand Response programs, receive price communication from multiple sources, and may in turn distribute signals to an additional set of actors. The terminology is fully defined in the next section.

4.2 Actors

The actor names are Energy Resource Manager (ERM) and Participant. The illustrations for this section need to be updated to reflect that terminology. The text is correct.

The root actor for all interactions is a Party. This Party actor shall act as the parent for any pattern or service specific actors.

We define to service-specific actors, Energy Resource Manager (ERM) and Participant. These names are given meaning only within a single service interaction.  This is due to the potential change of roles for subsequent or parallel service interactions.  Accordingly, any party can play the role of either ERM or Participant for a given service interaction, but may implement the other role for a different interaction.  Both actors are children of the Party actor.
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The introduction of the parent actor Party is significant in that in some interactions, it is only important that the entity exists and is playing any role, not the role it is playing in one interaction.

4.3 Sample Interaction Patterns

In this section we describe the interaction patterns of the services between actors.  At the high level, all interactions shall be between two or more Parties.  As every entity is a Party, the role of an entity as an ERM or Participant only has context within a particular service interaction.  At this level of description we ignore the presence of application level acknowledgement of invocations, as that acknowledgement can be implemented with [WS-RM] or similar mechanism.

The following is a set of example demand response interactions to show how the role a particular entity plays differs over time or in different interactions.
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Figure 1 Example DR interaction 1

In this interaction, Entity A is acting as the ERM for Entity B which is acting as the Participant.

Subsequently, Entity B may act as the ERM for an interaction with Entity C which is acting as the Participant for this new interaction.  Note that Entity A is not an actor at all for this interaction.
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Figure 2 Example DR interaction 2

Additionally, the directionality and the roles of the interaction can change as exhibited below.
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Figure 3 Example DR interaction 3

There is not particular hierarchy implied by these examples, but rather they are to show that the interaction patterns and the respective roles that entities play are limited only by business feasibility and not by the architecture. This can lead to complex interactions as shown in Figure 4.  
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Figure 4 Web of example DR interactions

Significant in this figure are a number of entities that act as multiple actors (both Participant and ERM) and that not all entities participate at the same level in this example hierarchy.  This web could model a Reliability DR Event which may be initiated by the Independent System Operator
.  A service would then be invoked on the second level (highest) ERMs, who in turn invoke the same service on their customers, which may, for example, be industrial parks with multiple facilities, real estate developments with multiple tenants, or a company headquarters with facilities in many different geographical areas.
4.4 Actors and Services

The actor names are Energy Resource Manager (ERM) and Participant. The illustrations for this section need to be updated to reflect that terminology. The text is correct. Figure numbers need to run through the document.
We have defined two actors in each interaction, the Energy Resource Manager (ERM) and the Participant..

A specific ERM has one or more associated Participants.

Consider the service orientation of Energy Interoperation, each ERM may invoke services implemented by one of its associated Participants, and each Participant may invoke services implemented by its associated ERM. See Figure 1.

[image: image8.png]Information leading to service invocation

~

Signals and responses

~

Information leading to service invocation




Figure 1 Service Interactions between an ERM and a Participant
Signals may come from either Party and are responded to by the other Party.

Now we consider how the interacting pairs could be connected into a broader set. First, our definition has one or more Participants per ERM, mirroring typical configurations where an ERM has many Participants and each Participant works with one ERM for a particular interaction. See Figure 2.

[image: image9.png]Participant-
Operator

Aggregator- Participant-

Operator

Operator

Participant-
Operator





Figure 2 Multiple Participants per ERM
Second, each Participant can in turn implement the ERM interface, in this example defining a tree. See the example in Figure 3. For clarity, only one Participant (colored yellow) at each level is shown to implement the ERM services
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Figure 3 Participant can also implement the ERM services

Third, the pattern is recursive, so we might see a pattern such as that in Figure 4. For clarity, only one Participant (colored yellow) at each level is shown to implement the ERM services
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Figure 4 A Tree of ERMs. Each except the leftmost is also a Participant
Finally, the layers of the example tree can be of varying types or classes. For example, in a Reliability DR Event, the event may be initiated by the Independent System Operator
, with the service invoked on the second level (highest) ERMs, who in turn invoke the same service on their customers, which may be (e,g,( industrial parks with multiple facilities, real estate developments with multiple tenants, or a company headquarters with facilities in many different geographical areas.
4.5 Interaction Patterns

In this section we describe the interaction patterns of the services respectively invoked by an ERM on one or all of its associated  Participants and vice versa. At this level we ignore the presence of application level acknowledgement of invocations, as that acknowledgement can be implemented with (e.g.) [WS-RM]. Figure 5 is the generic interaction with service invocation added to Figure 1; Figure 6 is a specific example related to Demand Response Events.
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Figure 5 Services Invoked by ERM and Participant (See Figure 1)
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Figure 6 Demand Response Interaction Pattern Example

The ERM calls services on its Participants such as Initiate DR Event and Cancel DR Event, while the Participant invokes services such as Submit DR Standing Bid and Set DR Event Feedback.
4.6 Services Applied to Interaction Patterns

The simplest interaction pattern is a service invocation (optionally with a response). Figure 5 shows sample interaction patterns for Demand Response.

By applying the recursive definitions of ERM and Participant, we will define specific services in the next sections that apply to different kinds of interactions.
5 Energy Interoperation General Services

In this section we define a set of general service, which include those to manage participation in a program or contractual arrangement; those to allow Participants to indicate constraints on when they might participate in an interaction; those that allow a Participant to temporarily “opt out” of a program. These services are derived from those in [OpenADR].

The next working draft will include details on the services; this draft has only the name of the service and which actor implements it.

These services are taken from [OpenADR]. The services are generic, and presume that Participants have identity and accessible information about the Participant as it relates to a specific program or contract. Further work is needed on programs and contracts as related to DR and other interactions.
See appendix [PENDING] and the models, schemas, and WSDL [PENDING] for details.

5.1 Participant Program Constraints Services

These services are taken from [OpenADR]. Constraints are set by the Participant and indicate when an event may be accepted and executed by the Participant.
	Name of Service
	Invoked by
	Service Provider

	SetParticipantDrProgramConstraints
	Participant
	ERM

	GetParticipantDrProgramConstraints
	Participant
	ERM

	DeleteParticipantDrProgramConstraints
	Participant
	ERM


5.2 Opt Out State Services

These services are taken from [OpenADR]. The service parameters include the type of program or contract. Opt Out is a temporary state indicating that the Participant will not respond to a particular event or in a specific time period, without changing the potentially complex Program Constraints.
	Name of Service
	Invoked by
	Service Provider

	CreateDrOptOutState
	Participant
	ERM

	GetDrOptOutStates
	Participant
	ERM

	DeleteDrOptOutStates
	Participant
	ERM


5.3 Status Services

This is a generic version of specific status services. Listed as Dr Status in this draft rather than the generic status services.
	Name of Service
	Invoked by
	Service Provider

	GetErmEventStates
	Participant
	ERM

	GetErmTransactions
	Participant
	ERM


6 Demand Response Services

6.1 DR Event Services

These services are for invoking a Demand Response Reliability Event. These services are invoked by other services inside or outside the ERM and cause an invocation of a service in the Participant.
Structure for events and interactions in the generic interaction framework is TBD.
	Name of Service
	Invoked by
	Service Provider

	InitiateDrEvent
	ERM
	Participant

	ModifyDrEvent
	ERM
	Participant

	GetDrEventInformation
	ERM
	Participant

	CancelDrEvent
	ERM
	Participant

	AdjustDrEvent
	ERM
	Participant


6.2 DR Event Feedback Services

These services allow the Participant to get and set event feedback information at its ERM. The details of Event Feedback are evolving as this draft is written, but can include Measurement & Verification aspects at event time (versus typically M&V at settlement time).
	Name of Service
	Invoked by
	Service Provider

	SetDrEventFeedback
	Participant
	ERM

	GetDrEventFeedback
	Participant
	ERM


6.3 DR Response Schedule Services

These services allow the ERM to receive DR Event response feedback from its Participants. Distinguish from Event Feedback.
	Name of Service
	Invoked by
	Service Provider

	CreateDrResponseFeedback
	Participant
	ERM

	DeleteDrResponseFeedback
	Participant
	ERM

	GetDrResponseSchedule
	Participant
	ERM


6.4 DR Bid Services

These services allow the Participant to place standing and per-event Demand Response Bids to the ERM. Standing bids are set and retained until deleted.; while DR Bids are for a particular event.
	Name of Service
	Invoked by
	Service Provider

	SubmitDrStandingBid
	Participant
	ERM

	GetDrStandingBid
	Participant
	ERM

	DeleteDrStandingBid
	Participant
	ERM

	SubmitDrBid
	Participant
	ERM

	GetDrBid
	Participant
	ERM


6.5 DR Status Services

These services allow the Participant to get DR Event state from its ERM.

	Name of Service
	Invoked by
	Service Provider

	GetErmDrEventStates
	Participant
	ERM

	GetErmDrTransactions
	Participant
	ERM


6.6 DR Program Services

This service allows the retrieval of information on a specific DR program. TBD—relationship of programs and identity needs further work.
7 Measurement and Verification of DR Services

TBD. Use NAESB Measurement and Verification Standard, and apply the results of Priority Action Plan 10 standards along with [WS-Calendar].
8 Load and Usage Projection Services

TBD. Apply the results of Priority Action Plan 10 standards along with [WS-Calendar].
9 Market Communications for Transactional Energy

This entire section is a work in progress. Please see the EMIX Technical Committee White Paper on Transactive Energy [TEMIX].
The beginning of transactional energy and collaborative energy is a clear common understanding of price and product. As these are defined by reference to the EMIX standard, we will not linger on defining those here. 

The first service provided by Energy Interoperation the common communication of the price, whether from a regulated or competitive retail supplier to the end customer 
The essential issues in price communication are:

Real-time price for any amount of energy or

Forward prices for forward commitments of energy for specified intervals that can be added up to meet the desired forward purchases of the customer with any residual purchase or sale at real-time prices, or

Any amount of energy at forward contracted prices that is independent of real-time price or any further transactions (this is actually an option to purchase energy). 
9.1 Define the messages for transactional energy here.

	EnergyInterop Element
	Specification

(Normative)
	Note

(Non-Normative)

	TBD
	
	

	
	
	

	
	
	


We have defined real-time price as a price for any amount of energy. Forward prices and forward transactions are also to be defined, but this note focuses only on real-time price and transactions.

Real time prices can be defined for any interval of time. 60 minutes, 15 minutes, and 5 minutes are typical interval lengths for real-time prices. However, as technology improves, real-time intervals can be the shortest interval that can be read by a meter. The meters now being installed by PG&E will provide readings on six second intervals over the home area network, but intervals of 15 min will be typical for backhaul to the utility.

A real-time price is typically ex-ante or ex-post. An ex-ante price is a price quoted to the customer before the real-time interval. An ex-post price is a price known to the customer after the interval is passed. An ex-post price has the advantage to the supplier in that she will know amount purchased before a price is set. An ex-ante price quote has the advantage to the customer that she will know the price before deciding how much to buy.

In fact both ex-ante and ex-post prices can be used. In this case the a quantity is transacted at the ex-ante price and any difference between the meter quantity and the transacted quantity is priced at the ex-post price.

10 Contracts for Changes in Energy Use
(Events & Demand Response)
This entire section is a work in progress. Please see the EMIX Technical Committee White Paper on Transactive Energy [TEMIX].
Energy consumers may offer contracts to suppliers to reduce demand or for partial or complete shut-down or disconnect in response to events when notified by pre-arranged signals. The consideration for these contracts may be up front, i.e., lower prices received for a customer to accept interuptable power, or they may be event specific with an associated specific consideration received. Performance may be a condition for entry into a market, i.e. every customer may be required to offer a grid integrity or grid reliability contract. 

Because most events may be tied to a particular location on the grid, these contracts are normally tied to a particular connection to the supplier, i.e., at an end node. Other events may affect a wider area, so a customer may aggregate response across several end nodes.

An end node may have a number of contracts listed on the market at any time. Contracts may be offered fixed price or open for bids. Contracts may be pre-executed and merely awaiting request for performance (event notification).
Contracted services break down into the following functions:

· Contract Offering

· Contract Execution

· Contract Call (Events)

· Contract Performance

It is also possible to combine these services in a single interaction. A fixed price offering may be executed and called in a single interaction.

10.1 Contract Offering Service

An end node can announce and catalogue any number of contracts it is willing to perform. The most commonly offered contracts are demand response and grid integrity contracts. Contract offerings may be at a set price or offered for bids. If contracts are offered for bid, then bid negotiations follow the interaction patterns described in Market Operation for Transactive Energy. 

When a seller comes to an agreement to perform the contract for a buyer, the contract is considered executed. Some contracts may be pre-executed, i.e., the seller has already committed to perform as soon as the performance event is received. There may be considerable time between execution and performance. Some executed contracts may receive repeated requests for performance.

Many contracts are offered to supply demand response services. Demand response services that support different needs have different requirements as to time to respond, minimum size of response, maximum duration of response, etc. Contract offerings offer sufficient detail to for the buyer to select among different offerings, and to offer different prices, including consequences for non-performance.

Examples of demand response services include:

· Retail Emergency DR;

· Retail Price-responsive DR;

· Installed Capacity;

· Day-ahead Energy;

· Real-time Imbalance Energy;

· Ancillary Service Operating Reserve;

· Regulation;

· Frequency Control.
Some contracts are pre-executed, i.e., an agreement to perform is already in place between buyer and seller. Such contracts are still listed in the offering service because they constitute the portfolio of responses available to the energy supplier. An executed contract to shed load to support a special price offering or a grid integrity event is not an available asset if a building is already shut down for repairs. 
	Mandatory Offering  Element
	Specification

(Normative)
	Note

(Non-Normative)

	TBD
	
	

	
	
	

	
	
	


It may be desirable to distinguish between different sources of demand response based on optional attributes. These attributes could support different prices based upon any EMIX attributes. Different markets could exist for demand response based upon load limiting, or site-based generation, option buy-back, or other attributes not yet determined.

	Optional Offering  Element
	Specification

(Normative)
	Note

(Non-Normative)

	TBD
	
	

	
	
	

	
	
	


10.2 Contract Execution
Contract execution occurs when a buyer and seller enter into an agreement that the seller will perform when requested. Some contracts are pre-executed, and so need no separate execution. Grid integrity and program events are examples of pre-executed contracts. Pre-executed contracts may or may not receive a payment upon each performance.
	Execution Element
	Specification

(Normative)
	Note

(Non-Normative)

	TBD
	
	

	
	
	

	
	
	


10.3 Contract Performance Call (Events)
An event notifies a seller to perform a contract. An event may arrive simultaneous to the contract execution. 
	Event Notification Element
	Specification

(Normative)
	Note

(Non-Normative)

	TBD
	
	

	
	
	

	
	
	


All events must be acknowledged by the recipient. 

(I wanted to add here that all events will use the WS-ReliableMessaging interaction pattern, but that only matters for a WS-based implementation)
11 Conformance

Note: The last numbered section in the specification must be the Conformance section. Conformance Statements/Clauses go here.

The conformance requirements for Energy Interoperation are derived from the use cases submitted to the Technical Committee from the divers participants in the US national smart grid activities as described in the NIST interoperability roadmap.

11.1 Requirements submitted by North American Energy Standards Board (NAESB)

Placeholder. Will be referenced rather than quoted
11.2 Requirements received from Lawrence Berkeley National Labs and the California Energy Commission

DRAS Performance Expectations

The latency of DR events sent from the utility to the end user should be no more than 1 minute, depending upon the configuration of the interaction between the DRAS and DRAS Client.

The DRAS must maintain accurate time within 15 seconds.

The DRAS should have a means to allow participants to participate in multiple DR programs and dynamic pricing through the same DRAS.

The DRAS should recover gracefully from facility faults with minimum lost data. Examples of such faults might be power failures or connectivity loss.

Customer Uses Smart Appliances, Devices, Distributed Energy Resources, Storage or Energy Management System (EMS) in Response to Retail Real-Time Prices

The Smart Grid allows customers to become actively involved in changing their energy consumption habits by connecting their personal Smart Appliances and Devices to the utility grid either directly or through an Energy Management System (EMS). Smart appliances and devices have their own domain requirements, in particular safety requirements, and must manage their own behaviors in response to coordinating and economic signals. Communication is through the Facility Energy Services Interface (ESI) or the metering system. Smart devices may also communicate directly with the Retail Market Domain. 
Retail Service Providers Quote Dynamic Forward Prices and Transact Energy with Customers 

Customers want to know the prices of products before they buy. In this case Customers are offered a vector of forward price quotes so that they modify their baseline to better fit actual consumption, have more lead time to change consumption, and better hedge volatile real-time prices.

Retail Customers Accept Quotes to Provide Ancillary Services

In addition to responding to Dynamic Energy Prices, the Retail Customer or a Distributed Energy Resources with Smart Devices may be able to provide ancillary services such as frequency regulation or spinning reserve capacity that can be called on by the grid operation under certain grid emergencies. 
The Retail Service provide can offer a price for various ancillary services such as frequency regulation or spinning reserves. For all Customers accepting the offers, the Retail Service Provider will combine the Customer retail schedules for ancillary services into an aggregate schedule into the wholesale market operations scheduling system. 

The Retail Service Provider transmits any ancillary services dispatches from the Grid Operator to the Retail Customer and uses data from the Customer Meter to determine compliance and any deviations from schedules and operations dispatches. Automation is essential to provision of ancillary services by retail customers.

Distribution Operator Provides Distribution Prices and Loss Factors to Retail Service Providers for Retail Dynamic Pricing

Retail Service Providers will typically quote bundled prices that include distribution costs and losses. Alternatively, Retail Customers could buy at wholesale locations and separately pay for distribution services, but the bundled pricing is likely to be more convenient for Customers.
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Background

Energy markets have been characterized by poor coordination of supply and demand. This failing has exacerbated the problems caused by rising energy demand. In particular, poor communications concerning high costs at times of peak use cause economic loss to energy suppliers and consumers. There are today a limited number of high demand periods (roughly ten days a year, and only a portion of those days) when the failure to manage peak demand causes immense costs to the provider of energy; and, if the demand cannot be met, expensive degradations of service to the consumer of energy. As the proportion of alternative energies on the grid rises, and more energy comes from intermittent sources, the frequency and scale of these problems will increase and there will be an increasing need for 24/7 coordination of supply and demand. In addition, new electric loads such as electric vehicles will increase the need for electricity and with new load characteristics and timing. 

Energy consumers can use a variety of technologies and strategies to shift energy use to times of lower demand as well as to reduce use during peak periods. This shifting and reduction can reduce the need for new power plants, and transmission and distribution systems. These changes will reduce the overall costs of energy through greater economic efficiency. This process is known by various names, including load shaping, demand shaping, and demand response (DR). Consistent interfaces and messages for DR is a high priority cross-cutting issue identified in the NIST Smart Grid Interoperability Roadmap. 

Distributed energy resources, including generation and storage, now challenge the traditional hierarchical relationship of supplier and consumer. Alternative and renewable energy sources may be located closer to the end nodes of the grid than traditional bulk generation, or even within the end nodes. Wind and solar generation, as well as industrial co-generation, allow end nodes to sometimes be energy suppliers. Energy storage, for example mobile storage in plug-in hybrid vehicles, means that even a device may be sometimes a supplier, sometime a consumer. As these sources are all intermittent, they increase the challenge of coordinating supply and demand to maintain the reliability of the electric grid. These assets, and their problems, are generally named distributed energy resources (DER). The NIST Smart Grid Interoperability Roadmap sees a continuum between DR and DER.

Better communication of energy prices addresses growing needs for lower-carbon, lower-energy buildings, net zero-energy systems, and supply-demand integration that take advantage of dynamic pricing. Local generation and local storage require that the consumer (in today's situation) make investments in technology and infrastructure including electric charging and thermal storage systems. People, buildings, businesses and the power grid will benefit from automated and timely communication of energy pricing, capacity information, and other grid information. 

Consistency of interface for interoperation and standardization of data communication will allow essentially the same model to work for homes, small businesses, commercial buildings, office parks, neighborhood grids, and industrial facilities, simplifying interoperation across the broad range of energy providers, distributors, and consumers, and reducing costs for implementation. 

These communications will involve energy consumers, producers, transmission systems, and distribution systems. They must enable aggregation of production, consumption, and curtailment resources. These communications must support market makers, such as Independent System Operators (ISOs), utilities, and other evolving mechanisms while maintaining interoperation as the Smart Grid evolves. On the consumer side of these interfaces, building and facility agents will be able to make decisions on energy sale, purchase, and use that fit the goals and requirements of their home, business, or industrial facility. 

The new symmetry of energy interactions demands symmetry of interaction. A net consumer of energy may be a producer when the sun is shining, the wind is blowing, or an industrial facility is cogenerating
. Each interface must support symmetry as well, with energy and economic transactions able to flow each way. 

Energy Interoperation defines the market interactions between smart grids and their end nodes (Customers), including Smart Buildings and Facilities, Enterprises, Industry, Homes, and Vehicles. Market interactions are defined here to include all informational communications and to exclude direct process control communications. This document defines signals to communicate interoperable dynamic pricing, reliability, and emergency signals to meet business and energy needs, and scale, using a variety of communication technologies. 

A.1 Domains in the Smart Grid Conceptual Model

This document refers throughout to inter-domain interactions. We use the domain definitions and names as defined in the August 10, 2009 Report to NIST on the Smart Grid Interoperability Standards
 as illustrated in Figure 7: Smart Grid Conceptual Model.
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Figure 7: Smart Grid Conceptual Model

Each of these domains represents a coherent set of business and technical processes. A given business may include several of these domains. Two businesses may deal with each other supplier and consumer within one of these domains. The conceptual model makes no assertions about specific business organizations, but only about the potential interactions. 
Table 1 Smart Grid Conceptual Domains

	Domains in the Smart Grid Conceptual Model 
	Actors in the Domain 

	Customers 
	The end users of electricity. May also generate, store, and manage the use of energy. Traditionally, three customer types are discussed, each with its own domain: home, commercial/building, and industrial. 

	Markets 
	The operators and participants in electricity markets 

	Service Providers 
	The organizations providing services to electrical customers and utilities 

	Operations 
	The managers of the movement of electricity 

	Bulk Generation 
	The generators of electricity in bulk quantities. May also store energy for later distribution. 

	Transmission 
	The carriers of bulk electricity over long distances. May also store and generate electricity. 

	Distribution 

	The distributors of electricity to and from customers. May also store and generate electricity. 


While the primary impetus for Energy Interoperation is interactions between the Customer Domain and the other domains (Figure 8: Customer in Conceptual Model), there is no reason to exclude interactions between other domains. 
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Figure 8: Customer in Conceptual Model

As Figure 8: Customer in Conceptual Model shows, Energy Interoperation interactions can occur within the customer domain, between, say, a campus grid and its buildings, between buildings and electric vehicles, or even between systems within buildings. Energy interoperation, by choice, ignores the complexity of systems inside the customer domain, and focuses instead on a single energy services interface on the surface of the customer. 

The Customer Domain, as illustrated by Figure 9: Building System Actors, considers the behavior of the systems within a building only in agregate and by energy characterisitics. The subsystems and devices within a building are represented as load. Load may have some characteristics as to predictability and periodicity. A customer may have may have internal energy generation and storage resources, which are communicated only in aggregate. If it is of interest to the energy supplier, it is communicated through the energy services interface.
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Figure 9: Building System Actors

The consumer may communicate with multiple suppliers in other domains. Energy markets may communicate current market conditions and prices. The consumer may have a special relationship with a service provider defining particular terms and conditions for DR. Underlying all of these interactions are the constraints of grid operations, which may impose hard limits on energy availability or reliability. 

A.2 Relevant Actors in the Smart Grid Conceptual Domain

The following actors in each of the relevant Domains provide a standard way to describe use cases for the interoperation of Customers with the Other Domains.

(It is not clear to me that this is not now too closely tied to the original CEC work rather than to the NAESB work. We should revisit this table. – tc)
Table 2: Market Actors in Conceptual Model

	Actors
	Domain
	Description 

	Retail Service Provider (also known as a Load Serving Entity or a Utility)
	Markets
	Sets retail prices or price quotes, and clears retail bids and offers, balances retail transactions with wholesale transactions in wholesale markets, and schedules power transactions with the grid operators. A Retail Service Provider may be a either a regulated cost of service provider such as a vertically integrated utility or a competitive, direct access retail service provider. Multiple Retail Service Providers may provide services to a single Customer or Device where local regulations permit.

	Demand Response (DR) or Curtailment Service Provider 
	Service Providers 
	A Demand Response or Curtailment Service Provider may operate Program to manage Customer Loads They may also serve as a DP Administrator supporting Registration Processes and Registration Data Base.

	Dynamic Price (DP) Service Provider 
	Service Providers 
	A Dynamic Price Service Provider may provide dynamic price services to Retail Service Providers. They may also serve as a DP Administrator supporting Registration Processes and Registration Data Base.

	Retail Market
	Markets
	The set of Retail Service Providers and others who support retail transactions.

	Wholesale Market
	Markets
	Clears wholesale bids and offers and schedules among Bulk Generators and Retail Service Providers. Schedules wholesale transactions for delivery over the transmission Grid. Wholesale market participants include ISOs, RTOs, exchanges, brokers, marketers, generators, transmission operators and Retail Service Providers.

	Meter 
	Customers
	Unless otherwise qualified, a device used in measuring watts, vars, var-hours, volt-amperes, or volt-ampere-hours. Called a Smart Meter when part of an advanced metering infrastructure (AMI). Today, typically located at the customer facility and owned by the distributor or retail provider. Meters associated with specific devices such as Electric Vehicles meters and other sub meters are considered.

	Device, HAN Device, Electric Vehicle, or Smart Appliance 


	Customers
	Devices that can react to remote management, whether to price, grid integrity, or other energy management signaling. May be controlled by a Facility Energy Management System (EMS), a Facility Gateway, though a Smart Meter (serving as a Facility Gateway), or other means such as direct communication of price or other information. Communication to the device might be via a Home-Area Network or other means; we use the terms interchangeably. 

	Facility EMS, 

Energy Services Interface (ESI) /Gateway 
	Customers 
	A logical or physical device typically located at the customer facility and used as a communication gateway. The EMS may or may provide the Gateway function. The Energy Services Interface (ESI) permits applications such as remote load control, monitoring and control of distributed generation, in-home display of customer usage, reading of non-energy meters, and integration with building management systems. The ESI may provide auditing/logging functions that record transactions to and from Home Area Networking Devices. 

	Display 
	Customers 
	An In-Home Display (for Homes) or facilities console for other customers (e.g. commercial buildings, industrial facilities, or vehicles) shows information related to energy management. 

	Distributed Energy Resource (including Storage)
	Customers 
	Distributed Generation, often called Distributed Energy Resources (DER), includes small-scale generation or storage of whatever form. This is in contrast to centralized or bulk generation and/or storage of electricity. A DER energy resource may be behind a Customer Meter along with Customer Loads or be separately connected to the distribution system and have a dedicated meter.

	Distribution Operations 
	Operations 
	Controls the distribution of electricity to and from customers and to and from the transmission grid. 

	Transmission Operations
	Operations 
	Controls transmission of energy. 


B. Energy Markets and Considerations

B.1 Overview

Interfaces that support the smart grid require simplicity and clarity. Careful definition of price and transactions is essential. Price has little usefulness for transactions unless the amount, location quantity, etc. are also specified. A price signal is not a well defined term: it could simply be a forecast of a price to be charged for an undefined quantity, an ex-post price to be charged for actual consumption, or a firm offer that is binding on acceptance.

B.2 Terminology

Wholesale electricity markets such as RTOs and ISOs often define bids (price and quantity) to buy and sell. Another term used is offer. Offers can also be a buy or a sell offer. In other markets a bid specifies a buy price and an offer a sell price. It is confusing but we get by. 

B.2.1 Order

An order it must specify at least:

Location

a meter or set of meters where deliveries can be measured Commodity an electric product such as energy (could be green energy, wind energy, etc.) Delivery Interval an interval defined by a Begin DateTime and End DateTime Units for power, energy and currency Price expressed as $/kWh (for example) Maximum Amount at the Price above expressed either as energy (kWh over the Delivery Interval) or average power (kW over the Delivery Interval) Buy/Sell indicate whether the Amount above is for a purchase or Sale Party Party initiating the order could be an individual, company, ISO or exchange.

B.2.2 Supplier

B.2.3 Availability

Here we need to consider the market semantics that can be offered by FIX and ISO20022 as semantics for their expression from WS-Calendar…We need to use less exceptional terminology.
B.2.4 Transaction

(Similar structure to the Order)

Location a meter or set of meters where deliveries can be measured Commodity an electric product such as energy Delivery Interval an interval defined by a Begin DateTime and End DateTime Units for power, energy and currency Price expressed as $/kWh (for example) Amount expressed either as energy (kWh over the Delivery Interval) or average power (kW over the Delivery Interval)

Extended Price (Price * Energy) or (Price * Average Power * Delivery Interval Length)

Buy/Sell indicate whether the Amount above is for a Purchase or Sale Party Party initiating the order could be an individual or company or an ISO or exchange.

B.2.4.1 Counterparty

Transaction DateTime when the transaction was contracted.

B.2.5 Position

 (similar structure to the Transaction)

 Location a meter or set of meters where deliveries can be measured Commodity an electric product such as energy Delivery Interval an interval defined by a Begin DateTime and End DateTime Units for power, energy and currency Total Net Amount of transactions expressed either as energy (kWh over the Delivery Interval) or average power (kW over the Delivery Interval)

B.3 Discussion 

These definitions cover all the cases from bilateral transactions, to bid into ISO and exchange markets and rate base pricing using tariffs. Orders, transactions, and positions can be for a wide range of commodities such as energy, capacity, spinning reserves, curtailment, emergency service, etc.

B.4 Characteristics of Price

Each event should have a unique ID. Modified events in the current release should become new events and therefore eventModNumber should be a structure with the eventId of the original event 2. eventInfoTypeName is currently just a name (such as price). I believe the eventInfoTypeName should be changed to EventType structure with the definition of all the Metadata associated with it. This helps machine to machine communications

C. Supply-Side Perspective on DR Events

When the utility or ISO initiates a DR event it uses an UtilityDREvent entity which contains the following general attributes:

C.1 Supply-side semantic elements

These are the entities used when the Utility or ISO initiates a DR event. In particular the UtilityDREvent entity is used to specify all the information associated with a DR event and contains the following general attributes: Review the elements below for CIM compliance
C.2 Supply-side sub-schema

Each UtilityDREvent may contain a list of EventInfoInstance variables which are used to describe the information that may accompany a DR event. Each EventInfoInstance entity contains the following general attributes:

11.3 Consumer Opt-Out

A participant may choose to opt-out or override participating in DR events. The participant does this by using the OptOutState entity to set up one or more conditions within the ESI that define when the participant will not participate in a DR event. The OptOutState may have the following attributes:
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� Using North American Terminology.


� The case of an aggregator with zero participants is theoretically interesting but has little practical value, hence in a later section we formally describe the participants being of cardinality 1..n.


� Using North American Terminology.


� Cogeneration refers the combined generation of multiple energy resources, i.e., a boiler that both spins a turbine to generate electricity and produces team to run an industrial process. Cogeneration can include any number of energy distributions, including heat, cold, pressure, et al.


� � HYPERLINK "http://www.nist.gov/smartgrid/Report%20to%20NISTlAugust10%20(2).pdf" �http://www.nist.gov/smartgrid/Report%20to%20NISTlAugust10%20(2).pdf�








�This sounds like part of “what is not in scope”


�I would delete all further sub-sections in the existing section 2, except those pieces that get fitted up into the sections above. 
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