1 Energy Interoperation Architecture

The following sections provide an overview of the interaction structure, and define the roles and actors in electricity markets. Later sections will define the interactions more carefully as services.
1.1 Transactive Energy Interactions

Transactive Energy refers to the communication of prospective and completed transactions of energy whether market-based, bilateral or, contract-, agreement-, or tariff-based, and whether of energy or options on energy. The terminology used by Transactive Energy is most evident today in the buying and selling of wholesale energy in bilateral and exchange transactions. The use of Energy Interoperation to enable present transactive energy interoperation and future markets and dynamic agreements is addressed in the TEMIX Profile (and further described in [TEMIX]). This section reviews the roles and interactions of Parties involved in energy transactions. 

1.1.1 Buyer and Seller Party Roles

The Energy Interoperation (EI) architecture describes interactions between two or more actors. Actors may perform in a chain of actors and supporting actors.

The actor for all EI interactions is a Party. An actor is a Party that can take on a number of roles. This terminology follows common business interaction terminology wherein suppliers sell to intermediaries who may buy transport services and sell to end use customers.

A Party can be an end use customer, a generator, a retail service provider, a demand response provider, a marketer, a distribution system operator, a transmission system operator, a system operator such as an ISO or RTO, a microgrid operator, or any party engaging in transactions or supporting transactions for energy.

Parties may participate in many interactions concurrently as well as over time. In theory, any Party can transact with any other Party subject to applicable regulatory restrictions. In practice, markets will establish interactions between Parties based on regulation, convenience, economics, credit, network structure, locations, and other factors.

1.1.2 Transactive Interactions and Roles

A Party can take on two basic roles in transactions:

· Buyer 

· Seller

At any moment each Party has a position in the market. A Party selling power relative to its current position takes the role of a Seller. A Party buying power relative to its current position takes the role of a Buyer. A generator typically takes the role of a Seller, but can also take on the role of a Buyer. A generator may take the role of a Buyer in order to reduce generation because of a change in generator or market conditions. An end-use customer typically takes the role of a Buyer, but if tendered an attractive price may curtail usage and thereby take the role of a Seller.

A distributed generator can take on the roles of both buyer and seller. For example, if a distributed generator sells 2 MW forward of a given interval, it may later decide to buy back all or a portion of the 2 MW if the price is low enough. A distributed storage device takes on the roles of buyer and seller at different times. 

Parties taking on the roles of Buyers and Sellers interact both through tenders for transactions and through transactions as illustrated below.
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Figure 3‑1: Parties Interacting with Offers and Transactions as Either Buyers or Sellers.
If the Tender is a buy offer by B, then when the Tender is accepted by A, A then becomes the Seller and B the Buyer with respect to the new Transaction. Typically, there are [EMIX] Standard Terms for an agreement among parties that facilitates many transactions under the terms of the enabling agreement. 

Two parties can also engage in an option transaction. An option is a promise granted by one Party (Option Writer) to a second Party (Option Holder) usually for a premium payment. The Option Holder is granted a right to invoke specific transactions for energy that the Option Writer promises to deliver. Demand response, ancillary services, and price cap transactions are forms of options. Any Party may take the role of a Buyer or Seller of a tender for an option transaction.
Any Party may take the role of a Buyer or Seller of a tender for an option transaction. After an offer of an option is executed, one Party takes the role of Promisor and the other takes the role of Promisee. In the case of a demand response (DR) option, the DR Manager is in the Promisee Role and the DR Participant is in the Promisor Role.

1.1.3 Retail Service Interactions

Retail Customers interact with either tariffed cost-of-service retail providers or competitive retail providers with various service plans. Either way the price of the service must be clearly communicated to the customer. With the introduction of interval metering and dynamic pricing, clear communication of price and the purchasing decisions by customers is essential.

EI provides services to communicate both the tendered prices by retailers to customers and the purchase transaction by customers. Customers with distributed energy resources (DER) or storage may often be a seller to retailer or other parties. Transactions may also include call options on customers by a retailer to reduce deliveries and call options by customers on a retailer to provide price insurance.

1.1.4 Wholesale Power Interactions

Retail Energy Providers, Aggregators, Power Marketers, Brokers, Exchanges, System Operators and Generators all interact in the wholesale market for deliveries on the high voltage transmission grid. Transactions include forward transactions for delivery, near-real time transaction and cash settled futures transactions for hedging risks.
EI mirrors the tender and transaction interaction patterns of open forward wholesale power markets. Near real-time wholesale markets for resources provided by independent system operators are also provided for in EI design with work ongoing.

1.1.5 Transport Interactions

Transmission and Distribution services transport energy from one location to another. Transport is the common term used by EI and EMIX to refer to both Transmission and Distribution. Prices for Transport are dynamic and need careful communication. EI models tenders and transactions for Transport products using the same interactions as for Energy products.

EI makes no assumptions about how prices for Transport are determined.

1.2 Event Interactions for Demand and Generation Resources
In partial contrast to the transactive model described above, a common interaction model is based on dispatch of resources by Parties. Resources include both generation resources and curtailment resources. Curtailment resources provide reductions in delivery to a customer from a baseline amount; such resources are typically treated as generation resources, usually in the context of events where shortages may occur. Curtailment resources are also called demand response (DR) resources. For DR resources the determination of the baseline is outside the scope of EI.

1.2.1 VTN and VEN Party Roles
Similar to the Party interactions of transactive energy, event interactions also have an interoperation model between two or more Actors or Parties. One designated Actor (for that given interaction) is called the Virtual Top Node (VTN) and the remaining one or more actors are called Virtual End Node(s), or VEN(s).
.

Parties may participate in many interactions concurrently as well as over time. 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 additional sets of Parties. 

The VTN / VEN Interactions combine and compose multiple sets of pairwise interactions to implement more complex structures. By using simple pairwise interactions, the computational and business complexity for each set of Parties is limited, but the complexity of the overall interaction is not limited.

1.2.2 VTN/VEN Interactions
In this section the terminology for roles in VTN/VEN Energy Interoperation interaction patterns is clarified. The description and approach is consistent with the Service-Oriented Architecture Reference Model [SOA-RM]. All interactions SHALL be between two or more Parties. The role of a Party as a VTN or VEN only has meaning within the context of a particular service interaction.

At this level of description the presence of application level acknowledgement of invocations is ignored, as reliable and confirmed delivery would typically be implemented by composition with [WS-RM], [WS-Reliability], [WS-SecureConversation] or a similar mechanism. For similar reasons, an actual deployment would compose the necessary security, e.g., [WS-Security], [SAML], [XACML], or [WS-SecureConversation]. See Section 11 for a discussion of compositional security.
At this level the typical push or pull patterns for interactions are also ignored but are covered in later sections.
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Figure 3‑2: Example DR Interaction One
In Figure 3‑2, Party A is the VTN with respect to Party B, which acts as the VEN in this interaction. Party C is not a party to this interaction.

Subsequently, as shown Figure 3‑3, Party B may act as the VTN for an interaction with Party C, which is acting as the VEN for interaction two. Party A is not a party to this interaction.
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Figure 3‑3: Example DR Interaction Two
Moreover, the directionality and the roles of the interaction can change as shown in Figure 3‑4.
Again, Party A is not a party to this interaction, but now Party C is the VTN and Party B is the VEN.
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Figure 3‑4: Example DR Interaction Three
There is no hierarchy implied by these examples.  The examples are used to show how the pairwise interaction patterns and the respective roles that entities play can be composed in ways that are limited only by business needs and feasibility, and not by the architecture. From these simple interactions, one can construct more complex interactions such as those shown in Figure 3‑5. 
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Figure 3‑5: Web of Example DR Interactions
In this figure, certain Parties (B, E, and G) act as both VTN and VEN. This directed graph with arrows from VTN to its VENs could model a Reliability DR Event initiated by the Independent System Operator
 which would invoke an operation on its second level VTNs B-E, which could be a group of aggregators. The second level VTN B, in turn invokes the same service on its VENs FGH which may represent their customers or Transactive resources. Those customers might be industrial parks with multiple facilities, real estate developments with multiple tenants, or a company headquarters with facilities in many different geographical areas, which would invoke the same operation on their VENs.

Each interaction can have its own security and reliability composed as needed—the requirements vary for specific interactions. 

The following table has sample functional names for selected nodes. (Note: wrt means “with respect to”)
Table 3‑1: Interactions and Actors

	Label
	Structure Role
	Possible Actor Names

	A
	VTN
	System Operator, DR Event Initiator, Microgrid controller, landlord

	B
	VEN (wrt A), 
VTN (wrt F, G, H)
	Aggregator, microgrid element, tenant, floor, building, factory

	G
	VEN (wrt B), 
VTN (wrt I, J, L)
	Microgrid controller, building, floor, office suite, process controller, machine

	L
	VEN (wrt G and wrt E)
	Microgrid element, floor, HVAC unit, machine


1.2.3 VTN/VEN Roles and Services
Two structured roles have been defined for each interaction, the Virtual Top Node (VTN) and the Virtual End Node (VEN). A VTN has one or more associated VENs.

Considering service interactions for Energy Interoperation, each VTN may invoke services implemented by one or more of its associated VENs, and each VEN may invoke services implemented by its associated VTN.

In later sections abstract services that address common transactions are detailed; Demand Response, price distribution, and other use cases.
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Figure 3‑6: Service Interactions between a VTN and a VEN

The interacting pairs can be connected into a more complex structure as shown in Figure 3‑5.
The relationship of one or more VENs to a VTN mirrors common configurations where a VTN (e.g. an aggregator) has many VENs (say its resources under contract) and each VEN works with one VTN for a particular interaction.

Second, each VEN can implement the VTN interface for another interaction.

Third, the pattern is recursive as shown above in Figure 3‑3 and allows for more complex structures.

Finally, the Parties of the directed interaction graph can be of varying types or classes. In a Reliability DR Event, a System Operator as a VTN may initiate the event with the service invoked on its next level (highest) VENs, and so forth. But the same picture can be used to describe many other kinds of interaction, e.g. interactions to, from, or within a microgrid [Galvin], price and product definition distribution, or distribution and aggregation of projected load and usage.

In some cases the structure graph may permit cycles, in others not.
1.2.4 Demand Response Interactions
In this section the interaction patterns of the services for demand response respectively invoked by an VTN on one or all of its associated VENs and vice versa, are described. Figure 3‑6: above shows the generic interaction pattern; Table3‑2 below is specific to Demand Response Events.

By applying the recursive definitions of VTN and VEN specific services will be defined in the following sections (See Table3‑2) 

The VTN invokes operations on its VENs such as Initiate DR Event and Cancel DR Event, while the VEN invokes operations on its VTN such as Create Tender and Create Feedback.
Note not all DR works this way. A customer may be sent a curtailment tender by the DR provider with a price and then can decide to respond. If the customer has agreed to a capacity payment then there may be a loss of payments if he does not respond.
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Table3‑2: Demand Response Interaction Pattern Example 
� The Energy-Interoperation TC is indebted to EPRI for the Virtual End Node term [EPRI] 


� Using North American Terminology.


� The case of a VTN with zero VENs may be theoretically interesting but has little practical value, hence in a later section VENs having cardinality 1..n are described


� The model allows e.g. Demand Resources to participate in more than one interaction, that is, in more than one Demand Response program or offer or with more than one aggregator.


� For example, [OpenADR1.0] has four actors (the Utility, Demand Response Application Server, the Participant, and the Client (of the Participant). The Energy Interoperation architecture maps clearly to the DRAS-Participant interface, and models the Participant-Client interface as an additional VTN-VEN relationship.





