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RECOMMENDATION TO NAESB EXECUTIVE COMMITTEE

                                       For Quadrant: 
Wholesale Electric Quadrant (WEQ) and Retail        Electric Quadrant (REQ)                                                 

                                       Requesters:
NAESB Smart Grid Task Force (SGTF)
                                       Request No.: 
WEQ Annual Plan Item 6.a / REQ Annual Plan Item 9.a
                                       Request Title:
Requirements Specifications for Common Eletricity Product and Pricing Definition – for NIST PAP03
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3.
RECOMMENDATION

SUMMARY:
The NAESB Smart Grid Task Force (SGTF) submits this Recommendation  that provides requirements for common pricing attributes that can be used as a basis for messaging protocols throughout the electrical energy system from producer through to a variety of  energy consumers and the future intelligent devices employed by these consumers. These attributes are not meant to be a message protocol in and of themselves and further analysis and design work will be completed as part of several initiatives, such as ZigBee smart energy, OpenHAN, and OASIS eMIX. These requirements should also be used as an input to the CIM maintained by UCAIug.
Recommended Standards:
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1. Executive Summary
The North America Energy Standards Board (NAESB) Smart Grid Task Force (SGTF) took the responsibility of consolidating and developing use cases that provide requirements for developing common pricing model for electricity products, which is called for by National Institute of Standards and Technology (NIST) Priority Action Plans (PAP) 03.  The first step of use case development under NAESB SGTF was the development of the Framework for Integrated DR and DER Models document (Framework Document), which provides an overall business context for DR and DER Models, where pricing model is a key component of DR enablement. 

Accodring to the Frameowork Document findings: 

1. DR signals standardization must support all four market types; i.e. regions with 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. It must also consider key differences that exist and will continue to exist in all four market types. 

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

3. Most Customers (with a few exception of Commercial and Industrial (C&I) Customers) will not interact directly with the wholesale market when it comes to DR and pricing signals. 

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 (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 is still in its infancy. 

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. 

This document deals exclusively with the pricing related requirements at both the wholesale and retail levels.  The requirements are captured in the form of UML models, where business requiremens are captued in Use Case narrative format, data requirements are captued in tabular format.  The main use cases that are affected by pricing are: 

· Demand Shifting

· Demand Reduction

· Leverage Distributed Energy Resources (DER) 

· Reliability Based Response

· Non-Price (Environmental) Response

2. Introduction

2.1. Purpose

The purpose of this document is to capture business and data requirements related to the definition of a common model for captuing the attribtues of an electricity product offered at wholesle and/or retail level.  Such attributes will mainly include, but not limited to, the pricing information of the product being offered to the end consumers of electricity.   
2.2. Scope

The scope of this document will be on business and data requirements, not implementation, of a common pricing model for electricity product. 

2.3. Assumptions

· Wholesale market DR and pricing signals have different characteristics than retail market DR and pricing signals, although commonality in format is feasible. 

· Most Customers (with a few exception of Commercial and Industrial (C&I) Customers) will not interact directly with the wholesale market when it comes to DR and pricing signals. 

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

· 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 is still in its infancy. 

3. Business Processes and Practices
3.1. Principles
3.2. Definitions 
	Actors
	ID

	Description 

	Electricity Consumer
	
	Any entity that consumes electricity. This term includes commercial customer, industrial customer and residential customer.

	Electrical 
	2.3
	The set of Retail Service Providers and others who support retail transactions.

	Market and System Operators
	2.3
	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.

	Transmission Operations
	2.1 or 2.3
	Controls transmission of energy. 

	Supplier
/ Energy Service Provider
	3.2
	A business entity that provides electric supply to the end users. 

	Utility Distribution Company (UDC)

(Distributed Operations)
	2.3
	Controls the distribution of electricity to and from customers and to and from the transmission grid. 

	Distribution Operator
	2.3
	The operation center of a distribution company which is responsible for the reliable delivery of electricity to end users. 

	Demand Response Provider(DRP)
	3.1
	A role which carries the responsibilities of coordinating demand response to deliver demand response services. 

	Distributed Energy Resource (DER)
	4.1
	Small, modular, energy generation and storage technologies that provide electric capacity or energy where it is needed. 

 

	Dynamic Price (DP) Service Provider 
	3.2
	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.

	Device, HAN Device, Electric Vehicle, or Smart Appliance 


	4.5 
End Device
	Devices in a customer premise that are capable of receiving signals, (e.g. price signals, grid integrity signals, other energy management signals, etc.) and of adjusting their operational state based upon pre-determined responses to the signals received (e.g. energy saving mode, turn off /on, cycling, delayed on/off, etc.). These devices may be controlled by a Facility Energy Management System (EMS), a Facility Gateway, though an Energy Services Interface (serving as a Facility Gateway), or other means such as direct consumer communication of price, overrides or other information. Communications to the device may be through the utility AMI system, internet or other communication medium.

	Meter


	5.1 Measurement
	The point of service meter permanently associated with a customer premise used in measuring, recording, and communicating energy usage (e.g. watts, vars, var-hours, volt-amperes, volt-ampere-hours, etc.). Called a Smart Meter when part of an Advanced Metering Infrastructure (AMI). The meter is owned by the utility and is at the interface between the distribution and customer domains

	Facility EMS, 

Energy Services Interface (ESI) /Gateway 
	5.2 

Control
	The Facility EMS is an application used primarily for controlling energy-controllable devices (e.g. pool pump, programmable communication thermostat, lighting, smart appliances, etc.). The Facility EMS may reside within a device or other computing device to display parameters or accept user input. The Facility EMS may or may not provide the Energy Services Interface (ESI) function or Gateway function. 
The Energy Services Interface (ESI) provides communications, security and, often, coordination functions that enable secure interactions between relevant HAN Devices and the utility.   Permits applications such as remote load control, monitoring and control of distributed generation, in-premise display of customer usage, reading of non-energy meters (e.g. water, gas, renewables, PEVs), and integration with building management systems. The ESI may provide auditing/logging functions that record transactions to and from Home Area Networking Devices. The ESI is assumed to have at least two interfaces: one which provides connectivity to the home area network, and one which provided connectivity to the utility.

The Gateway is the communication interface between devices and the internet.  The Gateway may or may not be part of the premise area network.

	Display 
	4.5
End Device
	An In-Home Display (for Homes) or facilities console for other customers (e.g. commercial buildings, industrial facilities, or vehicles) that receives and displays information related to energy management. 


3.3. Model Business Practices 

3.3.1. Conventions
The use case modeling technique is used for capturing business and date requirements relative to electric product and price information.  The relationships used in the Use Case diagrams are as follows: 

· Include:  this indicates additional scenarios 

· Extend: this indicates alternatives scenarios 

· Generalization (line with triangle head): this indicates variations (sub-types) of the main use case. 

· Precedes: this indicates a time sequence

· Invokes: this indicates a pre-condition or dependency

3.3.2. Use Case Overview
End-use Customers can be categorized into wholesale and retail Customers.  Wholesale Customers, e.g., large industrial facilities, are directly connected to the transmission grid and are subject to wholesale markets and prices.  Retail Customers are served at distribution voltage levels, and are subject to retail tariffs that are regulated under state PUC or the regional regulatory authorities.  A retail tariff establishes the prices paid for the services received, and is based on a variety of factors including wholesale prices, quality and type of service and costs associated with distribution grid infrastructure and operation. 

Electricity rate design process involves balancing multiple objectives, such as recovery of utility revenue requirements, fair apportionment of costs among Customers, etc. Electricity rate structures also influence Customer energy consumption, and thus play an important role to encourage the adoption of DR programs. Also, in support of DER, various regions have adopted Net Metering and Feed-in Tariffs to account for on-site generation and support deployment of distributed renewable resources.  In addition, Standby Services have also been implemented to provide back-up for customer owned generation and to encourage the installation of DERs. 

The main electricity tariff rates available in the regulated and de-regulated markets that can be used for DR Programs are listed in Table below.  Note there might be additional rate structures that will apply to specific Distributed Energy Resources as more DER capabilities are implemented.  

A competitive electricity market exists when end-use Customers can choose their energy supplier from competing electricity retailers, or in other words, have “direct access” to competing suppliers.  In regions with retail competition, energy rates and prices paid by Customers are determined through competitive market mechanics with agreed upon retail contracts. Energy Service Providers have various rate structures, such as  variable energy rate products, which may be based on energy market prices (e.g. Day ahead or real time prices), Monthly or spot auction prices, peak demand contribution, capacity costs, ancillary costs etc.  The prices may vary for different delivery zones, service classes or Customer groups. 

	Tariff Rate Type
	Target Customers
	Description

	Block Rate
	C&I, Residential
	A rate structure where per unit energy prices vary for each successive block of energy consumed.

	Critical Peak Price (CPP)
	C&I, Residential
	A rate structure that includes designated critical peak periods. Unlike Time Of Use (“TOU”) rates, the critical peak periods are not designated in the tariff, but are designated on relatively short notice, up to a limited number of days per year.

	Demand Rate
	Mainly for C&I Customers, Pilot for Residential Customers
	A rate structure that includes a per kW charge based on the maximum demand in a billing period for electricity consumed bythe Customer.

	Day Ahead Market Price (DAMP)
	C&I, Residential
	Rate structure that is similar to real time pricing, with the prices determined day ahead.

	Market Clearance Price for Energy (MCPE)
	C&I 
	The MCPE price for energy is a wholesale variable rate structure that allows for price changes every 15 minutes. 

Note: MCPE is the wholesale balancing energy price that Texas competitive retailers may use as the energy price in their contracts when they are buying their energy from ERCOT to supply their customer’s energy needs.

	Peak Time Rebate (PTR)
	C&I, Residential
	An incentive rate in which the DR Provider pays Customers to reduce demand during peak periods on critical days.

	Real Time Rate (RTP)
	C&I 
	A rates structure in which prices can vary continuously over time. E.g. NYISO real time prices are calculated at five-minute intervals throughout the day based on generation and energy transaction bids that were offered to the NYISO. 

	TOU Rate
	C&I, Residential
	A rate structure where the amount charged per unit (kWh or kW) varies according to the time of day electricity is consumed. TOU rates may be structured based on Time of day, Seasons of the year, Holidays, etc. and may include several tiers (such as On Peak, Off Peak, Mid Peak).

	Variable Peak Pricing (VPP)
	C&I, Residential
	A rate structure that allows Customers to purchase their energy supply from a Supplier at prices set on a daily basis, under the VPP program, the on-peak price for each weekday will be available the previous day.


The main use cases for pricing really starts from Publish Settled Price to consumers, Receive Price to consumers Consume and React to Price Information, see the diagram below.  Demand Bidding may also come into play where market mechanism is established.   Publish Settled Price could be either wholesale or retail price.  Certain large C&I consumers will receice and react to the wholesale price.  A main consumer of the wholesale price will be a Supplier / Energy Service Provider which in turn will publish the retail price to the consumers.  Such retail price will be determined by rate tariff in a regulated market or by whatever an Energy Eervice Provider decides in an competitive retail market.  

When the price information is received by end consumers, there are a number of use cases where electricity pricng and product information can be used: 

· Demand Shifting
· Demand Reduction

· Leverage Distributed Energy Resources (DER) 

· Reliability Based Response

· Non-Price (Environmental) Response
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3.3.3. Specific Use Cases
Specific use cases for how end use consumers of electricity might react when pricing signals are received are listed as follows:  (Note: if there is additional details on these use cases it might be good to provide in an appendix in order to show how the use cases in this section are linked to the pricing and product attributes in section 4)
	Use Case
	Actors
	TYPICAL Scenarios

	Demand shifting
	Dynamic Price Service Provider,  Display, Electricity Consumer  
	Pricing signals can be used to affect when consumers use electricity thus achieving the desired effect of loading shifting and peak reduction.  

For example, electricity price are scheduled (or anticipated) to increase between 2:30 and 5:30 in the afternoon, an Energy Management System requests Building Automation System (BAS) to pre-cool (over-cool) space until 2:30 PM.  Or at home, an intelligent device can be pre-programmed to operate at a time when electricity is cheaper.  Or an electric plug-in vehicle can be pre-programed to charge when electricity is cheaper. 

	Demand Reduction  
	Facility EMS, Energy Services Interface, Electricity Consumer   
	Pricing signals can be used to encourage consumers to use less energy when electricity cost will be much higher than normal, thus achieving peak reduction.  

For example, fixed time-of-day tariffs indicate higher price during day, lower price after 11:00 PM. Optional and time-insensitive building systems schedule their run-time after 11:00 PM. Price is higher between 2:30 and 5:30 PM. Homeowner starts smart appliance at 5:10. Display on appliance notifies that, by waiting 20 minutes to run, the consumer will get lower  cost electricity.

	Non-Price (Environmental) Response


	Supplier, Energy Service Provider (ESP), Display, Electricity Consumer
	Customer is price insensitive, but desires to use wind power whenever available. Un-branded (un-attributed?) power is priced as above, but wind power usually picks up at 5:00 PM each day and blows until midnight during this season. Consumer goes to start smart appliance at 4:00 PM.  Similar to the notice above, the smart appliance offers to delay run time until 5:00 PM when wind power becomes available, or until 5:30 PM when wind power / reduced price is available.
Supplier / ESP delivers blend of 20% wind, 80% coal during this time of day at $0.10/kWh.  25% of customers indicate preference to buy 100% wind, an over-subscription. Prices for 100% wind are bid up to $0.15/kWh as the wind-sensitive market decreases. 20% of consumers pay the 50% premium to get wind-only power.

1) Local PUC requires that segmentation be revenue-neutral, so bidding for wind power reduces undifferentiated power to $0.0875 kWh.

2) No bidding was required for undifferentiated power, so provider is incentivized to find additional sources of wind power.

3) Consumers unable to buy desired wind power reduce their aggregate demand.

Consumers have programmed non-time-sensitive systems and appliances to not run when wind power is not available, time-shifting some demand until wind power is available at the desired price.
Wind power always commands a premium over coal power because of higher cost of production. Local regulatory policy requires pass-through of actual market costs for differentiated power. Consumers who buy coal power must buy carbon credits as well. If the [low] cost of coal is combined with the cost of the credit, renewable energy sources become more competitive.


	Reliability Based Response 
	Supplier, Energy Service Provider (ESP),  Distribution Operator, Electricity Consumer
	There are certain times that demand response is needed due to a system emergency (e.g. large generation plant trips offline, weather related events, load exceeding established transmission limits, etc.)There will be certain businesses such as chemical plants,  hospitals, government agencies, etc. that will respond differently to a price signal.  The price signal and the response will need to include information regarding the reliablity of the power system. 


4. Pricing and Product Attributes

The following initial attributes were presented early in the PAP-03 meetings and will serve as the initial starting point for further refinement. 
4.1. Product Identification
	Attribute
	description
	Considerations

	Unique Product Identifier
	Energy, although largely a non-storable and transitory commodity, is nonetheless still a tradable and sellable entity. Any commodity benefits from having a unique identifier that can unambiguously be used by consumers to identify what it is that they are purchasing.
	The electrical industry should not repeat the mistake made in other industries by permitting the creation of identifiers in an unplanned and uncontrolled manner. A common problem within the financial industry now is competing identifiers both standards based and proprietary. The industry should look to best practices in industry such as ISBN, IEEE MAC Addressing, and the potential of the Distributed Object Identifier.



	Identifier source
	Identification of the source of the product identifier. (this is not very clear what information is needed between which parties; is this the same as the term “Source Location Identifier” in 4.3?)
	Consumers located in an area with low transmission congestion 

	Product Type
	A product type.
	Attempt to fit the product type within already in place ontologies or product classifications used within industry for trading energy.

	Product Subtype
	Electrical Energy may be divided into subclassifications such as Spinning, Non-spinning, reserve, etc.
	Use case analysis should be used to determine what types of product subtypes if any should be used.

	Unit of Measure for Product
	Unit of measure for product, such as MWh, KWh.
	Industry standard conventions should be adopted.


4.2. Pricing Attributes

	Attribute
	description
	Considerations

	Price
	Price of the product
	

	Price Type
	Type of price
	What is this???

	Quantity
	Quantity of the units expressed in the Unit of Measure
	

	Unit of Measure for the Price
	Unit of measure which is used to determine the price
	Markets exist where there is a need to differentiate between the unit of measure used to determine a price and the unit of measure that is used to specify the quantity of the product in a transaction.

	Currency
	Currency price in which the price is specified.
	


4.3. Product Attributes
	Attribute
	description
	Considerations

	Source Location Identifier
	Location of the source of the electric energy 
	Electrical energy cost and value are greatly impacted by the distance between generation and consumption. Indicating the source of the generation is important in terms of pricing decisions on part of consumers and intermediaries.

	Source Location Identifier Type
	Type of location.
	The mechanism used to identify location can be defined in multiple sources based upon specific usage from control areas to GPS coordinates it is anticipated that there may need to be more than one method to identify a geographical location.

Where possible existing industry standards should be adopted to identify geographic locations.

	Time and Interval
	Interval of energy delivery
	Timezone conventions and use need to be unambiguously defined and agreed upon.

Daily blocks, hourly markets, 5 minute markets.

A decision in how basic product information will reference and interact with the WS-Calendar initiative being completed as part of PAP-04.

	Seller Identification
	Party information that details the party selling the product
	Should look to use established industry standards, preferably international standards if possible.


4.4. Product Characteristics
 (should this title be Consumer Characteristics or Consummer Attributes? This is not about the product but the customer.)
All electricity consumers can be further differentiated based on their attributes listed in the table below. 

	Attribute
	description
	Examples

	Regulatory status
	Eligible for competition or not
	 

	Geographical region
	Location of consumer that impacts network costs 
	Consumers located in an area with low transmission congestion

	Universal service
	Mandatory supply requirement even if unprofitable 
	Hospital, Certain Manufacturing, Chemical processing, large scale data centers, critical care customers

	Fuel labeling appetite
	Preferences based on fuel type, particularly green
	Corporate clients marketing a “green reputation”

	Periodicity of demand
	In day, weekly, seasonal variation 
	In-day - Office buildings, Seasonal – recreational parks that are closed during winters 

	Price options 
	Standard tariff, indexed price, variable tariff based on market prices
	 

	Meter resolution
	High resolution (e.g. 15 min interval) or no resolution
	

	Economic buyers 
	Flexible demand based on economic power procurement
	Certain manufacturing


5. Supporting Documentation
a.  Description of Request:

On September 30, 2009 the National Institute of Standards and Technology officially assigned NAESB the responsibility to develop Requirements and Use Cases pertinent to Priority Action Plan items 3, 4 and 9. A complete description of each item is available on the NIST Web site located at http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/WebHome 
This recommendation specifically pertains to PAP 03
, “Develop Common Specification for Price and Product Definition”.

b.  Description of Recommendation:


See Section 3 Summary

c.  Business Purpose:

This recommendation has been developed in response to a request from NIST to provide use cases and requirements germane to the development of common specification for electric price and production definition.

d.  Commentary/Rationale of Subcommittee(s)/Task Force(s):
� A standard set of Actors has been defined and created by NAESB. These actors have been assigned an identifier number.


� The PAP 09 Document has an actor - Energy Service Provider - but it is defined only for deregulated retail markets in the document. We propose this actor as a generic one for regulated and deregulated retail markets. Note: recommend that the definition in the PAP09 document for ESP include regulated markets as well.


� Utility AMI 2008 Home Area Network System Requirements Specification v1.04 and ZigBee+HomePlug Joint Working Group Smart Energy Profile Marketing Requirements Document (MRD)


� Much of the attribute work and the actors were derived from “Retail Dynamic Price, Product and Messaging Specification (DRAFT -2)” by Ed Cazalet.


� The consumers attributes are adapted from “Electricity Markets – Pricing, Structures and Economics”,  Chris Harris, 2006, John Wiley & Sons Publications, West Sussex, England.


� � HYPERLINK "http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/PAP03PriceProduct" ��http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/PAP03PriceProduct� 
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