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1. Overview 

Energy storage, by itself and in combination with distributed generation (termed ES-DER), can be coupled with inverter-based technology to act either as a load or as a generator, and to be used by their owners and by utilities for many different purposes.
In general, there are three methods to manage ES-DER units: 

· Direct management by a ES-DER controller of a specific ES-DER unit: tightly coupled commands assuming complete knowledge of the ES-DER unit status and capabilities

· Interactive management of ES-DER controllers: loosely-coupled requests assuming key knowledge of current ES-DER unit status, but allowing ES-DER controller to accept, not accept, or modify the request based its internal knowledge of the ES-DER unit capabilities. The ES-DER controller provides feedback to the requester.

· Broadcasting or multicasting by utilities to many types/sizes/regions of ES-DER units: open requests without the expectation of any directly communicated responses. Only changes in the power system (voltage, vars, load level, etc.) and the eventual metering of the ES-DER unit provide feedback.

The latter two methods could issue single control requests or could provide a schedule of control requests based on time, temperature, pricing signal, or other parameters.

These different ES-DER management interactions are shown in the general ES-DER system illustrated below.
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1.1 Conceptual Architecture: Electrical Coupling Point (ECP)

Some ES-DER systems may be directly connected to the utility grid, while others may be part of a site microgrid. In either case, the ES-DER systems will have a point of electrical connection, which is defined as:
“The point of electrical connection between the DER source of energy (generation or storage) and any electric power system (EPS). Each DER (generation or storage) unit has an ECP connecting it to its local power system; groups of DER units have an ECP where they interconnect to the power system at a specific site or plant; a group of DER units plus local loads have an ECP where they are interconnected to the utility power system. 
NOTE For those ECPs between a utility EPS and a plant or site EPS, this point is identical to the point of common coupling (PCC) defined in the IEEE 1547 “Standard for Interconnecting Distributed Resources with Electric Power Systems”.
This concept is illustrated in Figure 1.
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	Figure 1: Electrical Connection Point (ECP)


1.2 Direct Control of ES-DER Systems 
Directly controlled ES-DER systems have their components (inverters, generators, storage, etc.) directly monitored and controlled by a separate controller. With managed ES-DER systems, the intelligence that makes the DER settings and the ES charge/discharge decisions is in the separate controller. This separate controller can issue settings, get status information, monitor measured values, and command control actions of specific ES-DER systems with the expectation of communicated replies acknowledging the commands and providing the status and/or response information. This method provides tightly-coupled control, and requires active and rapid interactions between the controller and the ES-DER system. 

This separate controller may receive requests and other information from external systems (such as  a customer EMS, a utility, or an energy service provider). The controller may also, depending upon its capabilities, utilize schedules of energy prices, weather forecasts, expected customer requirements for stored energy at different times, etc. to determine what direct control commands it will issue to the ES-DER system or other component. 

Examples of direct commands to an ES-DER system include:

· Connect/disconnect from grid 
· Charge to % of capacity at specified ramp rate or for specified length of time 
· Discharge to % of capacity at specified ramp rate or for specified length of time 
· Pricing signal to provide information to an autonomous ES-DER system on which to make charging/discharging decisions.

The communications between such a separate controller and the components it is controlling may be proprietary if it is provided as a turn-key integrated “autonomous” system. If, however, the controller and the ES-DER system are provided separately, then communication standards should be used.

1.3 Interactive Control of Autonomous ES-DER Systems

Autonomous ES-DER systems locally manage their own settings, including charging and discharging of storage. They use both local data and general information that may be provided to the ES-DER system.  General information might include schedules of energy prices, weather forecasts, expected customer requirements for stored energy at different times, and expected availability of locally produced energy.  
An example of an autonomous ES-DER system would be a residential customer-owned PV-inverter-and​-battery-storage system that is charging and discharging according to preferences set by the customer. Any communications between components of this autonomous system are handled internally and may be proprietary. Only communications between the autonomous ES-DER system and external systems would be standardized. 

Interactive control of autonomous ES-DER systems therefore sets the explicit energy and ancillary services requirements for what should be provided at the ECP (electric coupling point) between the ES-DER system and the grid, but does not micromanage how or which components of the ES-DER system are use to meet those ECP requirements.

An example of interactive control of an autonomous ES-DER system would be a utility-owned PV/Storage plant that combines multiple independent PV systems with multiple different types of storage capabilities. The utility would interactively control the plant’s local EMS by providing overall ECP requirements for the plant, while the plant’s EMS would directly manage the individual ES-DER devices in order to meet those ECP requirements. 
1.4 Broadcast or Multicast Requests to Groups of ES-DER Systems

Utilities and/or energy service providers could broadcast or multicast requests to groups of ES-DER systems without setting explicit ECP requirements and without the expectation of directly communicated responses. Most importantly, these are “requests” not “controls”. This broadcast/multicast request approach is termed decentralized and/or “loosely-coupled”.

The broadcast/multicast requests could be in the form of pricing signals for energy, but could also include more precise requirements for ancillary services, such as var support, frequency regulation, and emergency actions. These requirements could be for immediate implementation or could be time-based schedules or condition-based response profiles.

Broadcasts or multicasts would be used typically for smaller ES-DER systems. For these smaller ES-DER systems, the utility would not need to get (or may not be able to get) any explicit response back from the ES-DER systems on whether or not they responded or by how much. The utility would rely primarily on aggregated response of these ES-DER systems as indicated by changes in the power system dynamics, rather than on specific communication responses by individual ES-DER systems. The results of these broadcast requests would be seen from real-time monitoring of the power grid and from eventual reading of metered information.
This is an individual design or implementation consideration, based on the need of the utility for precise results. They can see general results as they monitor the power system in real-time, and can assess more specific results much later as they get information from the metering systems. 

1.5 Types of ES-DER Systems

The following are some of the types of ES-DER systems that are covered, many of which are either combined generation/storage or could be implemented in combination with generation capabilities:
· Chemical

· Hydrogen

· Biofuels

· Liquid nitrogen

· Oxy-hydrogen

· Hydrogen peroxide

· Biological

· Starch

· Glycogen

· Electrochemical

· Batteries

· Flow batteries

· Fuel cells

· Electrical

· Capacitor

· Super capacitor

· Superconducting magnetic energy storage (SMES)

· Mechanical

· Compressed air energy storage (CAES)

· Flywheel energy storage

· Hydraulic accumulator

· Hydroelectric energy storage

· Spring

· Gravitational potential energy (device)

· Thermal

· Ice Storage

· Molten salt

· Cryogenic liquid air or nitrogen

· Seasonal thermal store

· Solar pond

· Hot bricks

· Steam accumulator

· Fireless locomotive

· Eutectic system

· Fuel Conservation storage
2. Use Cases: DER EMS Direct Interaction with Energy Storage (ES-DER)
2.1 Overview of DER EMS Direct Interactions

Directly managed ES-DER systems have their components (inverters, generators, storage, etc.) directly monitored and controlled by a separate controller. With managed ES-DER systems, the intelligence that makes the DER settings and the ES charge/discharge decisions is in the separate controller. This separate controller can issue settings, get status information, monitor measured values, and command control actions of specific ES-DER systems with the expectation of communicated replies acknowledging the commands and providing the status and/or response information. This method provides tightly-coupled control, and requires active and rapid interactions between the controller and the ES-DER system. 

2.2 Actors for Direct Control Interactions
	Actor Name 
	Actor Type (person, organization, device, system, or subsystem)
	Actor Description 

	DER EMS
	System
	Energy management system, belonging to the owner or operator of the distributed energy resources (DER) Energy Storage - Distributed Energy Resource (ES-DER), that determines what actions to command the unit to perform.

	Energy Storage - Distributed Energy Resource (ES-DER)
	Device
	Device that can store energy, and can be commanded to charge or discharge


2.3 Use Case: Initialization of Interactions between DER EMS and ES-DER Device

Narrative 
The Owner of an ES-DER device has a “DER EMS” which is tasked with managing the ES-DER device.  The algorithms used by the DER EMS for determining what to command the ES-DER device to do, is outside the scope of this Use Case (see either market-based and ADA Use Cases); however, the actions taken are within the scope of this Use Case.

In the initialization process, the DER EMS needs to determine the capabilities and internal settings of the ES-DER device. Some of these capabilities are “nameplate” information, but settings can be more dynamic, reflecting the current environment or state of the device. For instance, the setting for the maximum discharge level may vary with the wishes of the owner, or with the age of storage device, or with the time of day.

Steps

	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Detection of new ES-DER device installation
	DER EMS
	ES-DER
	Handshake to establish network connection
	· Network information
	Two-way interactions

	2
	Network connection established
	DER EMS
	ES-DER
	Establish cyber security level and capabilities, and authenticate certificate
	· Cyber security capabilities

· Cyber suites supported

· Cyber certificate information if appropriate
	Two-way interactions

	3a
	Full connection established
	DER EMS
	ES-DER
	Request “nameplate” and other settings information
	· Request for initial ES-DER information
	Some of this information may be “pre-stored” in the DER-EMS as part of the installation process

	3b
	Request for initial ES-DER information
	ES-DER
	DER EMS
	Provide “nameplate” and other settings information
	· Type of ES-DER

· Capacity

· Charge level H/L limits

· Charging rate H/L limits

· Discharging rate H/L limits

· Inverter capabilities

· Other nameplate information
	Some of this information may be “pre-stored” in the DER-EMS as part of the installation process

	4a
	Request for electrical interface status
	DER EMS
	ES-DER
	Request status information of electrical interface
	· Request for electrical interface status
	Some of this information may be “pre-stored” in the DER-EMS as part of the installation process

	4b
	Provide electrical interface status
	ES-DER
	DER EMS
	Provide status information of electrical interface
	· Nominal voltage 

· Current

· Volt/var limits of inverter
	Some of this information may be “pre-stored” in the DER-EMS as part of the installation process

	5a
	Request for ES-DER status
	DER EMS
	ES-DER
	Request status information of ES-DER
	· Request status information of ES-DER
	

	5b
	Provide ES-DER status
	ES-DER
	DER EMS
	Provide status information of ES-DER
	· On/off

· Remaining capacity

· Current charging/discharging rate

· Any alarms or errors
	


2.4 Use Case: DER EMS Commands ES-DER Device to Charge 
Narrative 
The Owner has a “DER EMS” which determines that it is beneficial to store energy and also what the most appropriate charging rate is.  The algorithms used by the DER EMS for these two determinations is outside the scope of this Use Case (see either market-based and ADA Use Cases); however, the actions taken are within the scope of this Use Case.
Steps

	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1a
	DER EMS decision
	DER EMS
	ES-DER
	Request status of ES-DER
	· Command for status of ES-DER
	If report-by-exception is available, this request may have already been reported.

	1b
	Request for status
	ES-DER
	DER EMS
	Send status information of ES-DER
	· On/off
· Remaining capacity

· Current charging/discharging rate

· Any alarms or errors
	Assumption is that all nameplate and settings information is already known

	2a
	No significant alarms or errors
	DER EMS
	ES-DER
	Command to start or continue charging at a specific rate
	· Charge command
· Rate of charge
	Alarms, such as ES-DER is already fully charged, will prevent this action

	2b
	Charge command
	ES-DER
	DER EMS
	Acknowledgement
	· Successful, or
· Error, with identification of error
	Common types of errors will need to be standardized

Handling errors is outside the scope of this Use Case


2.5 Use Case: DER EMS Commands ES-DER Device to Discharge 
Narrative 
The Owner has a “DER EMS” which determines that it is beneficial to discharge energy and also what the most appropriate discharging rate is.  The algorithms used by the DER EMS for these two determinations is outside the scope of this Use Case (see either market-based and ADA Use Cases); however, the actions taken are within the scope of this Use Case.

Steps

	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1a
	DER EMS decision
	DER EMS
	ES-DER
	Request status of ES-DER
	· Command for status of ES-DER
	If report-by-exception is available, this request may have already been reported.

	1b
	Request for status
	ES-DER
	DER EMS
	Send status information of ES-DER
	· On/off

· Remaining capacity

· Current charging/discharging rate

· Any alarms or errors
	Assumption is that all nameplate and settings information is already known, so that available capacity can be calculated

	2a
	No significant alarms or errors
	DER EMS
	ES-DER
	Command to start or continue discharging at a specific rate
	· Discharge command

· Rate of discharge
	Alarms, such as ES-DER is already at discharge limit, will prevent this action

	2b
	Discharge command
	ES-DER
	DER EMS
	Acknowledgement
	· Successful, or

· Error, with identification of error
	Common types of errors will need to be standardized

Handling errors is outside the scope of this Use Case


2.6 Use Case: ES-DER Status Reporting 

Narrative
Many utility and/or DER EMS functions require the status of the ES-DER either periodically, on significant change of a value, or upon request. 

The following status data is mandatory:

· ES-DER on or off

· Storage available or not available

· Inverter/converter active power output

· Inverter/converter reactive output

· Storage remaining capacity (% and/or kW?) (if storage is available)

The following data can optionally be reported:
· ES-DER inverter/converter status:

· Current connect mode:  connected or disconnected at its ECP

· Inverter on, off, and/or in stand-by status: inverter is switched on (operating), off (not able to operate), or in stand-by mode, namely capable of operating but currently not operating
· DC current level available for operation: there is sufficient current to operate
· Value of the output power setpoint

· Value of the output reactive power setpoint

· Value of the power factor setpoint as angle (optional)

· Value of the frequency setpoint (optional)

· Power measurements:

· Total Active Power (Total P): Value, High and Low Limits

· Total Reactive Power (Total Q): Value, High and Low Limits

· Average Power factor (Total PF): Value, High and Low Limits, and averaging time
· Phase to ground voltages (VL1ER, …): Value, High and Low Limits
· ES-DER storage: e.g. battery status (if storage is battery or battery-equivalent):

· Conditions of usage, e.g. desired schedule (preferred time of discharge, price triggers for charging/discharging, etc) 
· Amp-hour capacity rating

· Minimum resting amp-hour capacity rating allowed 

· Nominal voltage of battery

· Maximum battery discharge current

· Maximum battery charge voltage 

· High battery voltage alarm level

· Low battery voltage alarm level

· External battery voltage

· Rate of output battery voltage change

· Internal battery voltage

· Battery drain current

· Internal battery current

· State of charge (energy % of maximum charge level)

· Reserve (Minimum energy charge level allowed, % of maximum charge level)

· Available Energy (State of charge – Reserve)
· Intermittency ramp rate

· Maximum generation setting 

· ES-DER storage: pumped hydro
· TBD (storage status information needed for each type of ES-DER device)
· General information

· Time resolution and source of time synchronization

Steps
	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1a
	DER EMS need for status of ES-DER
	DER EMS
	ES-DER
	Request status of ES-DER
	· Command for status of ES-DER

· Identity of the group of status information desired
	If report-by-exception is available, changes in this information will be continuously reported.

	1b
	Request for status
	ES-DER
	DER EMS
	Send status information of ES-DER
	· On/off

· Remaining capacity

· Current charging/discharging rate

· Any alarms or errors
	See list in Narrative for additional types of status information that could be requested 



	1c
	If request failed
	ES-DER
	DER EMS
	Error, failure of request
	· Failed (plus reason : equipment not available, message error, overridden)
	

	2
	Report by exception
	ES-DER
	DER EMS
	Report any alarms, limits exceeded, errors, or other anomalies
	· Values being reported by exception
	With tightly coupled interactions, the ES-DER can report alarms and problems without waiting to be asked


2.7 Use Case: ES-DER Event/History Logging
Narrative
Event/history logs are maintained by the ES-DER systems to record key timestamped events in a “circular file” that will rollover itself as new events are added. The event log can be read by selecting time ranges, including “all”, “from time xx to time yy”,  and “from time xx to the most recent event”. Once read, they could be further filtered by type of event or other criteria. 

Different users of ES-DER systems will need varying timeframes for retrieving event log information and different types of information from these event logs:

· Utility operations will typically only need key operations-related information, possibly infrequently or only under special circumstances.

· Owners/managers (including utility owners) will want more detailed information, probably periodically or after certain types of events.

· Energy management systems with tightly-coupled interactions will need complete event logs relatively frequently.

· Larger ES-DER plants are different from large numbers of small ES-DER systems: more types of event data may be collected from these larger plants, while only basic event data may be collected from the smaller ES-DER systems. Larger plants may also aggregate and/or amalgamate events from multiple individual ES-DER devices.

Given this broad range of different requirements for event logs, this specification will define the following:

· An optional set of events that do not necessarily need to be implemented, but if they are implemented, then they will be implemented as specified, thus making them interoperable.

· Other types of events can be implemented for specific implementations, specific vendors, regional requirements, etc. These will not be described in this specification, but will be left to those specific implementations to define. These will therefore not necessarily be interoperable.

These events will include standardized event codes. Different users can then retrieve specific types of events and also filter the event logs through these event codes.

All event logs will contain the following fields:

· Date and time stamp: The accuracy of this timestamp will be determined by the frequency of time synchronization and the innate precision in keeping time of the ES-DER system, and is therefore outside the scope of this specification

· Data reference: the reference to the data item that triggered the event log entry

· Value: Data value field for data element that is triggering the event

· Event code: Code to uniquely identify the type of event

· Optional text field: Text of supporting information. This text will not be standardized, but can be used to provide additional details about the event.

Although not mandatory, in general it is expect that the following types of events will be logged:

· All errors or failures 

· All startup and shutdown actions 

· All control actions 

· All responses to control actions 

· All limit violations, including returns within limits

The standardized events to be captured in ES-DER system event logs are:
· Requests/commands received from utility, 3rd party, or DER-EMS, indicating type of request/command and source

· Action in response to requests/commands received, indicating type of request/command and any errors. 

· Deviations from scheduled requests/commands

· Power out

· Power on

· Power trip action due to excessive power, temperature limits exceeded, inadequate DC bus voltage, etc.

· Exceeding any 1547 parameters

· Return within 1547 parameters

· Exceeding voltage limits

· Return within voltage limits

· Equipment hardware failure, indicating what equipment

· Software errors, indicating what software

· Communication failure (needs more definition on what this implies)

· Message errors, indicating what message

· Exceeding temperature limits

· Return within temperature limits

· Exceeding voltage distortion limits beyond 1547 parameters

· Exceeding current harmonic limits 

· EMI events

· Time synchronized, including difference between old time and new time

· Event log error

· Event log entries overwritten without having been retrieved

· Record of all control actions of inverters resulting from requests, schedules, or crossing an internal control threshold

Steps

	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1a
	DER EMS need for event log of ES-DER
	DER EMS
	ES-DER
	Request event log of ES-DER
	· Command for event log of ES-DER

· Time range for events

· Retrieval criteria: Event codes of the desired types of events
	Time range: Start time/ stop time (start time = 0 means start from beginning of log; stop time = 0 means include through the final log entry)

Retrieval criteria: event codes to be retrieved, with “wildcard” capabilities



	1b
	Request for event log information
	ES-DER
	DER EMS
	Send event log per retrieval criteria
	· Requested event log entries
· Success/failure indication
	See list of types of events under Narrative

	1c
	If request failed
	ES-DER
	DER EMS
	Error, failure of request
	· Failure (plus reason: no log event fulfills the retrieval criteria, log not available, message error, etc.)
	

	2
	Notification if event log is almost full or completely full without having been retrieved
	ES-DER
	DER EMS
	Notification if event log is almost full or completely full without having been retrieved
	· Notification of event log state
	

	3
	Notification of an event log error
	ES-DER
	DER EMS
	Notification of an event log error
	· Notification of event log error
	


3. Use Cases: Utility Market-based Interactions with Energy Storage
3.1 Use Case: RTO/ISO Deployment and Real-Time Communications - Economic

Narrative
The wholesale electricity market is operated by RTOs/ISOs to provide market-based energy and ancillary services to the bulk power system. This key Use Case covers the actual interactions between the RTO/ISO system operator and the ES-DER systems; other Use Cases in the set of Utility Market-based Interactions Use Cases cover the non-operational interactions, namely enrollment/qualification of ES-DER, scheduling/awarding market bids of ES-DER, and eventual measurement and performance evaluation.
This key Use Case, the Deployment and Real-Time Communication Use Case, describes the process for real-time communications to storage resources providing market-based services on a real-time basis and dispatch for reliability-based (emergency) response programs. The process flows and descriptions reflect a sequential process solely for the purpose of describing the real-time data flow; the real-time communication process iteratively scans and updates in the same step.  
· The process begins when the SO evaluates real-time system conditions through its market clearing process.

· The resulting resource-specific real-time dispatch information is transformed into dispatch instructions by the SO.
· If the dispatch instruction is for Regulation, the SO sends the Regulation signal to the DDE.

· If the dispatch is not for Regulation, the SO sends the dispatch instruction to the DDE.
· The DDE communicates with the SP through the proprietary communication system of the DDE.

· The SO collects real-time response from the DDE for evaluating the next interval and uses the information to calculate the system state. 

· System conditions are made available to the market clearing process for the next interval and to Deployment and Real-Time Communications – Reliability.
Actors

	Actor Name 
	Actor Type (person, organization, device, system, or subsystem)
	Actor Description 

	Service Provider (SP)
	Organization, System
	A role which carries the responsibility of coordinating resources to deliver electricity products and services to a market or distribution operator.

	Designated Dispatch Entity (DDE)
	Organization, System
	A role which carries the responsibility of receiving and processing demand resource dispatch instructions or market information and (optionally) providing response information.  

	Load Serving Entity (LSE)
	Organization, System
	A role which carries the responsibility of serving end-users and selling electric energy to end-users. 

	Metering Authority (MA)
	Organization, System
	A role which carries the responsibility of providing electric usage data necessary to determine the performance of a Resource.

	Scheduling Entity (SE)
	Organization, System
	A role which carries the responsibility of submitting bids/offers and receives Schedules and Awards.

	System Operator (SO)
	Organization, System
	A System Operator is a Balancing Authority, Transmission Operator, or Reliability Coordinator whose responsibility is to monitor and control an electric system in real time (based on NERC definition).  The System Operator is responsible for initiating Advance Notifications, Deployment, and Release/Recall instructions.
Dynamic optimization and digital monitoring and control, which are the core requirements of the Smart Grid concept, imply automated actions dealing with a large amount of data and sophisticated analyses. The System Operator responsibilities will mainly be to setup the systems, authorize the utilization of the control systems and monitor their performance based on given criteria.  In the most of the situations, the operator will be outside the near-real time loop of control.

	Transmission/Distribution Service Provider (T&D SP)
	Organization, System
	A role which carries the responsibility of operating a local electricity transmission and/or distribution system.


Steps
	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Market interval: time to clear market 
	System Operator
	System Operator
	Evaluate real-time conditions. 


	· Monitored information from power system

· Analysis information
	These actions are internal to the System Operator, and typically occur once an hour.

In the Smart Grid environment, this evaluation comes from the dynamic optimization of the operating conditions, e.g., OPF or SCD, etc. The periodicity should be defined by the ability and reasonability for WASA and control.

	2a
	Analysis results indicate need for regulation
	System Operator
	Designated Dispatch Entity
	Issue regulation instructions 
	· Regulation signal
	Steps 2 through 4 are 24x7, iterative interactions, taken every few seconds

	2b
	Analysis results do not need regulation
	System Operator
	Designated Dispatch Entity
	Issue dispatch instructions 
	· Dispatch instruction
	

	3
	Dispatch instructions received from System operator
	Designated Dispatch Entity
	Service Provider
	Issue regulation and other dispatch instructions
	· Dispatch instructions
	This action is generally one-way – it is expected that monitoring of the power system will provide the necessary feedback

	4
	Continuous monitoring of power system
	Designated Dispatch Entity
	System Operator
	Provide power system monitored information
	· Power system information
	This information is used during the next market-clearing process


Activity Diagram 
Figure 2 - Deployment and Real-Time Communications – Economic
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4. Use Cases: Utility Interactive and/or Broadcast Interactions with Energy Storage (ES-DER)
4.1 Overview of Interactive and/or Broadcast Interactions
Interactive control of autonomous ES-DER systems sets the explicit energy and ancillary services requirements for what should be provided at the ECP (electric coupling point) between the ES-DER system and the grid, but does not micromanage how or which components of the ES-DER system are use to meet those ECP requirements. 

If the interactive control commands are initiated by utilities, the only ECP of interest to the utility is the PCC (point of common coupling) between the ES-DER system and the utility power system. Energy service providers may manage PCCs, but may also manage ECPs within a campus, building, or other non-utility owned facilities.
Utilities and/or energy service providers could broadcast or multicast requests to groups of ES-DER systems without setting explicit ECP (PCC) requirements and without the expectation of directly communicated responses. Most importantly, these are “requests” not “controls”.

In both interactive “control” interactions and broadcast/multicast “request” interactions, the utility or energy service provider provides precise requirements for the output at the ECP (PCC) – with the expectation that ES-DER systems under interactive controls WILL meet those ECP (PCC) requirements, while ES-DER systems under broadcast requests MAY meet those ECP (PCC) requirements.
4.2 Actors for Utility Interactions

	Actor Name 
	Actor Type (person, organization, device, system, or subsystem)
	Actor Description 

	Distribution Operator
	Person
	Person in charge of distribution operations during the shift

	Distribution SCADA
	System
	DSCADA collects data from IEDs beyond the fence of the T&D substation and supports remote control of controllable devices in the field either in supervisory or close-loop modes. The field IEDs include utility DER and Micro-grid controllers, may include customer EMS. 

	Transmission SCADA/EMS
	System
	SCADA/EMS collects data from IEDs within the T&D substation and supports remote control of controllable devices in the substation. The EMS runs the applications for analysis and control of the transmission and generation systems.

	Aggregator/

Energy Services Provider
	Organization
	A person or company combining two or more customers into a single purchasing unit to negotiate the purchase of electricity from retail electric providers, or the sale to these entities. The transaction may include electricity consumption and demand, DER/Micro-grid generation, Demand Response “Nega-watts”, and ancillary services. Aggregators also combine smaller participants (as providers or customers or curtailment) to enable distributed resources to play in the larger markets.

	3rd Party, External Systems (e.g. Weather)


	Systems
	Public information systems outside the utility, provides the utility with information on weather and major event relevant to utility operations.

	DMS (Distribution Management System)
	System
	A set of integrated IT systems and ADA applications supporting the operations, maintenance, and planning of the electric distribution system 

	DMS Gateway
	Sub-system
	Computer-based  system consisting of Graphic User Interface, interface with distribution SCADA, and ADA applications 

	Customer EMS
	System
	A customer supplied system for monitoring and managing energy use at their residence or business. It includes human interface displays for interacting with the system and allows the customer to program functions, control loads, and display energy costs, usage, and related information. It can be programmed to take action based upon price inputs or event messages from the utility, or changes to customer’s load. Interfaces with HAN devices and the Smart Meter 

	DER EMS (DER controller/gateway)
	Device
	Measures, stores and communicates current generation, generation schedules, capability curves, protection settings, mode of operations and voltage/var control settings, and other data needed for current and predictive model of DER operations

	PCC interconnection controller at ECP (PCC)
	Device
	Calculates, stores, and communicates  aggregated load, Demand Response, Generation data for the Micro-grid, Protection settings and settings for frequency and voltage control for connected and for autonomous modes of operations, other data needed for current and predictive model of Micro-grid operations.

	Smart Meter
	Device
	Advanced electric revenue meter capable of two-way communications with the utility. Serves as a gateway between the utility, customer site, and customer’s load controllers. Measures, records, displays, and transmits data such as energy usage, generation, text messages, and event logs to authorized systems and provides other advanced utility functions.

	Customer appliances, embedded in customer premises 
	Devices
	Equipment and systems at the customer site that could participate in demand response and other programs

	ES-DER (DER, PEV, and Electric Storage embedded in customer premises)
	Devices
	Equipment and systems at the customer site that could participate in demand response and other programs

	AM/FM/GIS  
	System
	Repository of distribution system assets, their relationships (connectivity), ownerships, nominal states, and links to associated objects. 

	Connectivity and facility parameters validation processor
	Application 
	GIS information should be validated on two levels: 1) validation of connectivity and distribution transformer loading, and 2) integrated validation on operational reasonability. 

	Customer Information System (CIS)
	System
	Customer information including billing data, customer types, links to distribution circuits 

	DER data management system
	System
	A specific database for DER attributes, behavioral models, contracts, and performance associated with the owner.  

	AMI Data Management System
	System
	Gathers, validates, estimates, and permits editing of meter data such as energy usage, generation and meter logs. Stores this data for a limited amount of time before it goes to the Meter Data Warehouse and makes the data available to authorized systems. Includes load model processor and secondary equivalent processor.

	Load Management/Demand Response System
	System
	Executes and monitors requested demand response resources. Sends out demand response event notifications to Smart Meters and customers. Controls  DR, DER, PEV and ES charging/discharging. 

	Demand Response Data Management System
	System
	Stores and processes data on load management/Demand Response programs, contracts, relevant historic information, creating behavioral models for Demand Response. 

	DOMA
	Application
	Distribution Operation Model and Analysis is an advanced DA application. It runs periodically and by event; models near real-time power flow;

Provides situational awareness of distribution operations; Provides background models for other ADA applications.

	VVWO
	Application
	Volt/var/Watt Optimization is an ADA application. It runs periodically and by event; optimizes states of voltage, var, DER, Micro-grid controllers, and Demand response means;

	FLIR
	Application
	Fault Location, Isolation, and Service Restoration. An ADA application. Identifies and locates the fault, isolates the faulted element from healthy sections and restores services to the customers connected to the healthy sections. Assesses, for the duration of repair, the situation with loads, DER, Demand response and Micro-grids

	Field Crew
	Persons
	Manual operations of field devices, repair, construction work, patrolling and other assignment in the field

	Market Operation System (MOS)
	System
	Wide-area energy market management system providing high-level market signals for DisCos

	ISO/RTO
	Systems
	ISO: An independent entity that controls a power grid to coordinate the generation and transmission of electricity and ensure a reliable power supply.

RTO: An independent organization that coordinates, controls, and monitors the operation of the electrical power system and supply in a particular geographic area; similar to Independent System Operator.



	Engineering
	Person
	Planning, and DMS maintenance personnel, power quality and reliability engineers, etc.

	PEV Charger
	Device
	The charger can either be on-board the vehicle or off-board. On-board chargers require AC energy transfer to the vehicle (either 120 or 240V single phase) and Off-board chargers are within the EVSE and require DC energy transfer to the vehicle.

	Customer
	Person
	Customer is the operator of a PEV and an electric customer of the home utility. Customer enrolls in an electric utility PEV program and has selected a PEV rate tariff.  Customer is responsible for connecting PEV to an Energy Portal for charging.

	Customer Account
	System
	Customer Account is assigned to Customer to collect charges for billing of energy usage

	Electric Vehicle Supply Equipment (EVSE)
	Device
	PEV connects to the grid using an Electric Vehicle Supply Equipment (EVSE). Electric Vehicle Supply Equipment (EVSE) is the physical electrical cord and connectors that are specified by applicable SAE standards (e.g., SAE 2293, J1772 ™, J2836 & J2847.) that provide transfer of electrical energy from energy portal to PEV.  This can be 120V or 240V AC depending upon connection.  

	ESI
	System
	Energy Services Interface – Provides security and, often, coordination functions that enable secure interactions between relevant Home Area Network Devices and the Utility.  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.  Also provides auditing/logging functions that record transactions to and from Home Area Networking Devices.

	Guest
	Person
	Guest is a friend or family member who has permission to use a Customer Premise for charging a PEV.  May be liable for PEV charging costs depending upon Customer preferences set up within PEV program.

	PEV, EV, PHEV 
	System 
	Plug-in Electric Vehicle (PEV). Plugs into an Energy Portal (see actor definition below) at a premise to charge vehicle. A PEV is also an EV (Electric Vehicle) that relies only on electric propulsion. A PEV is also a PHEV (Plug-In-Hybrid Vehicle) that also includes an alternative source of propulsion power.


4.3 Use Case: Advanced Distribution Automation (ADA) to Analyze Distribution Operations

Narrative
The objectives of Advanced Distribution Automation (ADA) functions in the Smart Grid Environment are to provide situational awareness and dynamic optimization of operations of Active Distribution Networks to enhance the reliability of power system service, power quality, power system efficiency, and cyber security, by automating data preparation in near-real-time; optimizing decision-making; and controlling distribution operations in coordination with transmission and generation systems operations. In addition to using more traditional SCADA systems, substation systems, and feeder equipment, the ADA functions will also utilize and support other Smart Grid technologies to achieve these objectives, such as:

· Advanced Metering Infrastructure (AMI)

· Distributed resources and generation, including renewable resources (DER)

· Demand response (DR)

· Advanced electricity storage, including plug-in electric and hybrid electric vehicles (ES-DER and PEV)

· Provision to consumers of timely energy, pricing, and market information, along with decision and control options for responding to this information with energy and ancillary services 
Scope: The ADA Function performs a) data gathering, along with data consistency checking and correcting; b) integrity checking of the distribution power system model; c) periodic and event-driven system modeling and analysis; d) current and predictive alarming; e) contingency analysis; f) coordinated Volt/Var/Watt optimization: g) fault location, isolation, and service restoration; h) multi-level feeder reconfiguration; i) pre-arming of RAS and coordination of emergency actions in distribution; j) pre-arming of restoration schemes and coordination of restorative actions in distribution, and k) logging and reporting. These processes are performed through direct interfaces with different databases and systems, (AMI, EMS, OMS, CIS, MOS, SCADA, AM/FM/GIS, AMS, WMS, and other internal and external to the power utility IT systems), comprehensive near real-time simulations of operating conditions, near real-time predictive optimization, and actual real-time control of distribution operations.

Rationale: By meeting its objectives in near-real time, the ADA functions make a significant contribution to sustainability of the ADN and to improving the power system operations, which cannot be achieved using non-automated operational methods.   

Status: The methodology and specification of the ADA function for current power system conditions have been developed, and prototype (pilot) and system-wide project in several North-American utilities have been implemented.  The applications need significant upgrades to meet the Smart Grid requirements.  This document presents the ADA functions with the upgrades suggested for meeting these requirements.  
The ADA functions include the following closely coordinated applications:

1. Real-time Distribution Operation Model and Analysis (DOMA)

2. Fault Location, Isolation and Service Restoration (FLIR)

3. Voltage/Var/Watt Optimization (VVWO)

4. Distribution Contingency Analysis (DCA)

5. Multi-level Feeder Reconfiguration (MFR)

6. Relay Protection Re-coordination (RPRC)

7. Pre-arming of Remedial Action Schemes (PRAS)

8. Coordination of Emergency Actions (CEmA)

9. Coordination of Restorative Actions (CRA)
10. Intelligent Alarm Processing (IAP)
Steps
This very extensive Use Case covers more than ES-DER and is described in PAP 8: http://collaborate.nist.gov/twiki-sggrid/pub/SmartGrid/PAP08DistrObjMultispeak/Distribution_Grid_ManagementSG_UC_nm.doc. The ES-DER Use Cases supplement those DGMI_SG Use Cases by describing ES-DER-related details of the more general steps. At some point, these Use Cases should be integrated (or linked) to develop the bigger picture of the needed information support for the power system operations.

For ES-DER, these ADA functions help determine what pricing signals or direct commands should be sent to which types and groups of ES-DER devices. The simplified interactions between the ADA functions and ES-DER are provided below.
	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Periodically and/or upon power system alarm/event
	Distribution SCADA
	DMS
	Request that the DMS update the requirements for efficient and reliable operation of the power system, using the DOMA (operations model) and other ADA applications
	· Update request
· Most recent power system status and measurements
	If periodic, this updating will be essentially continuous, possibly every few minutes
If upon an alarm or event, additional data may be required from the SCADA, depending upon the type of event 

	2
	Request to update power system model
	DER data management system
	DMS 
	Provide any changes or new information on DER (and ES-DER) capabilities
	· ES-DER attributes

· ES-DER behavioral models

· Contractual capabilities and agreements (e.g. control or request)

· Performance/expected response from ES-DER
	

	3a
	Completion of ADA application analyses
	DMS
	Aggregator/

Energy Services Provider
	Issue control commands to ESP 
	· Updated ECP (PCC) requirements
	Many of the ECP (PCC) requirements are described in subsequent Use Cases

	3b
	Control command issued
	Aggregator/

Energy Services Provider
	DMS
	Success/fail response from ESP
	· Response to ECP (PCC) requirements control command
	

	4a
	Completion of ADA application analyses
	DMS
	DER EMS
	Issue control commands to each DER EMS under interactive control contracts
	· Updated ECP (PCC) requirements
	Many of the ECP (PCC) requirements are described in subsequent Use Cases

	4b
	Control command issued
	DER EMS
	DMS
	Success/fail response from DER EMS
	· Response to ECP (PCC) requirements control command
	

	5a
	Completion of ADA application analyses
	DMS
	DER EMS
	Issue broadcast requests to each DER EMS under “demand response” contracts
	· Updated ECP (PCC) requirements
	Many of the ECP (PCC) requirements are described in subsequent Use Cases

	5b
	Request issued
	DER EMS
	DMS
	Success/fail response from some DER EMS – none expected from others
	· Response to ECP (PCC) requirements request
	

	6
	Continuous
	PCC interconnection controller at ECP (PCC)
	Distribution SCADA
	Provide status and measurements at the PCC
	· Status and measurements from some PCCs
	


4.4 Use Case: Connect / Disconnect ES-DER Inverter from Grid
Narrative
This function causes the ES-DER system to immediately physically connect or disconnect from the grid via a disconnect switch at the ES-DER system’s ECP to the grid.  

1. Issue Connect/Disconnect Command to ES-DER system: 

a. Binary command to open or close a switch.

b. Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately (optional – if not included, then default time window for this function will be used)

c. Timeout period, after which the ES-DER system will revert to its default status, such as closing the switch to reconnect to the grid (optional – if not included, then default timeout period for this function will be used)

2. Receive response to the command:

a. Successful (plus resulting switch position)

b. Rejected (plus reason: equipment not available, message error, overridden)
Steps

	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Alarm or event 
	Distribution SCADA
	DMS
	Request for ADA applications to assess the alarm or event to determine if ES-DER connect/disconnect (or other) actions are needed
	· Alarm/event information

· Appropriate SCADA information
	

	2a
	ADA assessment results
	DMS
	DER EMS
	Control command to disconnect selected ES-DER systems at ECP (PCC)
	· Disconnect command

· Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately (optional – if not included, then default time window for this function will be used)

· Timeout period, after which the ES-DER system will revert to its default status, such as closing the switch to reconnect to the grid (optional – if not included, then default timeout period for this function will be used)
	

	2b
	Command receipt
	DER EMS
	ES-DER (or switch at ECP)
	Disconnect command at the time calculated by picking a random time during the time window
	· Disconnect command
	

	2c
	Command receipt
	DER EMS
	DMS
	If permitted, respond back to DMS on actions taken on the command
	· Successful (plus resulting switch position)

· Rejected (plus reason: equipment not available, message error, overridden)
	Responses expected in interactive control interactions, but not necessarily in broadcast/multicast interactions

	2d
	After default timeout period
	DER EMS
	ES-DER (or switch at ECP)
	Reconnect after timeout and no counter command received
	· Connect command
	

	2e
	Command receipt
	DER EMS
	DMS
	If permitted, respond back to DMS on actions taken when timeout occurred
	· Reconnected after timeout
	Responses expected in interactive control interactions, but not necessarily in broadcast/multicast interactions

	3a
	ADA assessment results
	DMS
	DER EMS
	Control command to connect ES-DER at ECP (PCC)
	· Connect command

· Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately (optional – if not included, then default time window for this function will be used)
	

	3b
	Command receipt
	DER EMS
	ES-DER (or switch at ECP)
	Connect command at the time calculated by picking a random time during the time window
	· Connect command
	

	3c
	Command receipt
	DER EMS
	DMS
	If permitted, respond back to DMS on actions taken on the command
	· Successful (plus resulting switch position)

· Rejected (plus reason: equipment not available, message error, overridden)
	Responses expected in interactive control interactions, but not necessarily in broadcast/multicast interactions


4.5 Use Case: Request Real Power (Charge or Discharge ES-DER)
Narrative
This function requests the storage system to charge or discharge and at what rate (% of max charging rate).  A controller might use this command frequently, in conjunction with reads of the battery charge level, to achieve a desired daily charge / dump characteristic.  

To account for diversity in the size of storage systems, the function requests a percentage quantity based on the capacity of the system.  For real power out requests (storage discharging), the percent is relative to the maximum discharge rate (inverter capacity).  For real power in requests (storage charging), the percent is relative to the maximum charging rate (battery charger capacity).  It is acknowledged that the discharging capacity of the inverter and the charging capacity of the charger may differ. 

A timeout period is included for reverting to the default state of the ES-DER system, to ensure that a missed or lost command does not impact normal operations beyond that timeout period.

The ES-DER system may also determine if only ES-DER system output is used for charging or whether grid power can be used.   

The utility/ESP or the Customer EMS takes the following actions:
1. (Optional) Request status of ES-DER system: Request a pre-defined set of the status information, including the status values, the quality flag, and the timestamp of the status (see Function PC6 for details of status points).
2. Issue command to request real power (charge/discharge) setpoint for the storage system: 

a. Command to adjust the real power charge/discharge setpoint for the storage system 

b. Requested ramp time for the ES-DER system to move from the current setpoint to the new setpoint (optional – if not included, then use previously established default ramp rate)

c. Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately, (optional – if not included, then default time window for this function will be used)

d. Timeout period, after which the ES-DER system will revert to its default status (optional – if not included, then default timeout period for this function will be used)

e. Storage charge from grid setting (yes/no)

3. Receive response to the command:

a. Successful (plus actual real power setpoint)

b. Rejected (plus reason: equipment not available, message error, overridden)

Steps
	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Periodically or upon event 
	Distribution SCADA
	DMS
	Request for ADA applications to assess the alarm or event to determine if real power increase or decrease is needed for selected ES-DER 
	· Event information

· Appropriate SCADA information
	The event may be that significant power system changes have occurred near the selected ES-DER, thus changing power system efficiency or reliability

	2a
	Real power increase or decrease is needed for selected ES-DER
	DMS
	DER EMS
	Request status of ES-DER to determine whether they can change their real power enough
	· Request for status and real power measurement information 
	This step is optionally used in direct interactions, but cannot be used in broadcast/multicast interactions

	2b
	Status request
	DER EMS
	ES-DER
	Request status
	· Request for status and real power measurement information
	

	2c
	Response to status request
	ES-DER
	DER EMS
	Response to status request
	· ES-DER status and real power measurement information
	

	2d
	Response to status request
	DER EMS
	DMS
	Response to status request
	· ES-DER status and real power measurement information
	Only if Direct Interactions are established between DER EMS and DMS

	3a
	Real power increase or decrease is needed for selected ES-DER
	DMS
	DER EMS
	Request selected ES-DER to change their real power at the ECP
	· Request to adjust the real power (percentage of nominal) at ECP
· Requested ramp time for the ES-DER system to move from the current setpoint to the new setpoint 

· Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately, 

· Timeout period, after which the ES-DER system will revert to its default status, such as resetting the real power setpoint to its default value 
· Storage charge from grid setting (yes/no)
	The three additional parameters are optional: 
· If ramp rate not included, then use previously established default ramp rate
· If time window not included, then default time window for this function will be used

· If timeout not included, then default timeout period for this function will be used

	3b
	Real power change request
	DER EMS
	ES-DER
	Command ES-DER to change real power 
	· Command to adjust real power (percentage of nominal) at requested ramp rate
	DER EMS can issue commands to ES-DER

	3c
	Response to real power change request
	ES-DER
	DER EMS
	Response to change real power command
	· Successful (plus actual real power value)

· Rejected (plus reason: equipment not available, message error, overridden)
	

	3d
	Response to real power change request
	DER EMS
	DMS
	Response to change real power command
	· Successful (plus actual output real power value)

· Rejected (plus reason: equipment not available, message error, overridden)
	Optional step – only if direct interactions are used.


4.6 Use Case: Provide Pricing Signal to Charge/Discharge Storage

Narrative
This function provides a pricing signal (actual price or some relative pricing indication) from which the ES-DER system may decide whether to charge the storage or discharge the storage, and what rate to charge or discharge.

Although this Use Case is similar to the Request Real Power Use Case in its purpose, this Use Case uses broadcast pricing signals that are applicable to load, DER, as well as ES-DER, rather than explicit requests for specific increases or decreases of real power from specific ES-DER devices. These interactions between the utility DMS and the ES-DER are very loosely coupled.

The utility/ESP or the Customer EMS takes the following actions:
1. Issue pricing signal (the actual form or content of the pricing signal will be established by the utility/ESP and is outside the scope of this specification): 

a. Pricing signal

b. Requested ramp time for the ES-DER system to move from its current output to any new output (optional – if not included, then use previously established default ramp rate)

c. Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately, (optional – if not included, then default time window for this function will be used)

d. Timeout period, after which the ES-DER system will revert to its default status (optional – if not included, then default timeout period for this function will be used)

2. Receive response to the command:

a. Successful (plus actual real power setpoint)

b. Rejected (plus reason: equipment not available, message error, overridden)
Steps

	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Periodically or upon event 
	DMS
	DER EMS 
	DMS broadcasts pricing signals for energy, without targeting ES-DER explicitly 
	· Pricing signal
	The pricing signal is applicable to loads, DER, and ES-DER. the actual form or content of the pricing signal is outside the scope of this Use Case

	2a
	Upon receipt of pricing signal
	DER EMS
	ES-DER
	DER EMS determines whether to respond and how “best” to respond to the pricing signal, including the increase or decrease in real power, and the ramp rate
	· Command to adjust real power at ramp rate
	The DER EMS assesses the customer settings, its local situation, and other parameters to determine how it will respond to the pricing signal

	2b
	Response to real power change request
	ES-DER
	DER EMS
	Response to change real power command
	· Successful (plus actual real power value)

· Rejected (plus reason: equipment not available, message error, overridden)
	


4.7 Use Case: Adjust Power Factor

Narrative
The request to adjust the power factor of ES-DER devices can be determined only in conjunction with considering all other available corrective measures and their impacts on other operational parameters, such as capacitor banks on feeders. Therefore, additional information exchanges will take place between DMS and other actors before this request can be issued to the ES-DER. This broader analysis could introduce some additional time between the triggering event and the issuing of the Adjust Power Factor request to selected ES-DER.  

Fixed power factor will be managed through issuing a power factor angle value. In addition, a ramp rate (angle versus time) and a delay time before starting will be included so that not all ES-DER systems change state abruptly or at the same time. 

A timeout period is included for reverting to the default state of the ES-DER system, to ensure that a missed or lost command does not impact normal operations beyond that timeout period.

The utility/ESP or the DER EMS takes the following actions:
1. (Optional) Request status of ES-DER system: Request a pre-defined set of the status information, including the status values, the quality flag, and the timestamp of the status.
2. Issue command to adjust power factor setpoint: 

a. Command to adjust the power factor angle

b. Requested ramp time for the ES-DER system to move from the current setpoint to the new setpoint (optional – if not included, then use previously established default ramp rate)

c. Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately, (optional – if not included, then default time window for this function will be used)

d. Timeout period, after which the ES-DER system will revert to its default status, such as resetting the power factor setpoint to its default value (optional – if not included, then default timeout period for this function will be used)

3. Receive response to the command:

a. Successful (plus actual output power factor value)

b. Rejected (plus reason: equipment not available, message error, overridden)

Steps

	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Periodically or upon event 
	Distribution SCADA
	DMS
	Request for ADA applications to assess the alarm or event to determine if a power factor correction (or other) action is needed for selected ES-DER 
	· Alarm/event information

· Appropriate SCADA information
	The event may be that significant power system changes have occurred near the selected ES-DER, thus changing power system efficiency or reliability

	2a
	Power factor correction is needed for selected ES-DER
	DMS
	DER EMS
	Request status of ES-DER to determine whether they can change their power factor angle enough
	· Request for status and power factor measurement information 
	This step is optionally used in direct interactions, but cannot be used in broadcast/multicast interactions

	2b
	Status request
	DER EMS
	ES-DER
	Request status
	· Request for status and power factor measurement information
	

	2c
	Response to status request
	ES-DER
	DER EMS
	Response to status request
	· ES-DER status and power factor measurement information
	

	2d
	Response to status request
	DER EMS
	DMS
	Response to status request
	· ES-DER status and power factor measurement information
	

	3a
	Power factor correction is needed for selected ES-DER
	DMS
	DER EMS
	Request selected ES-DER to change their power angle
	· Request to adjust the power factor angle

· Requested ramp time for the ES-DER system to move from the current setpoint to the new setpoint 

· Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately, 

· Timeout period, after which the ES-DER system will revert to its default status, such as resetting the power factor setpoint to its default value 
	The three additional parameters are optional: 
· If ramp rate not included, then use previously established default ramp rate
· If time window not included, then default time window for this function will be used

· If timeout not included, then default timeout period for this function will be used

	3b
	Power factor change request
	DER EMS
	ES-DER
	Command ES-DER to change power factor angle
	· Command to adjust power factor angle at requested rate
	DER EMS can issue commands to ES-DER

	3c
	Response to power factor change request
	ES-DER
	DER EMS
	Response to change power factor angle command
	· Successful (plus actual output power factor value)

· Rejected (plus reason: equipment not available, message error, overridden)
	

	3d
	Response to power factor change request
	DER EMS
	DMS
	Response to change power factor angle command
	· Successful (plus actual output power factor value)

· Rejected (plus reason: equipment not available, message error, overridden)
	Optional step – only if direct interactions are used.


4.8 Use Case: Volt/Var Optimization: Energy Conservation Mode
Narrative
The Normal Energy Conservation mode reflects the utility’s calculation of the most efficient and reliable var levels for ES-DER systems at specific distribution points of common coupling (PCC). This mode could also help compensate for local high voltage due to any ES-DER kW back flow on the circuit.
In this mode, ES-DER systems will be provided with a double array of setpoints: a set of voltage levels and their corresponding var levels. The voltage levels will range between V1 and V2 in increasing voltage values. Values between these setpoints will be interpolated to create at a piecewise linear volt/var function. The corresponding var levels would define the percent of Qmax (ranging between -100% and +100%) being requested for the voltage level.

Note: This mode may not always imply energy conservation in a more global sense, because PF=1 at one point may result in a higher than optimum voltage either at the same PCC and/or in other points of the distribution circuit.
The figure below is one example of volt/var settings for this mode. It is assumed that the var value between Vmin and V1 is the same as for V1 (Qmax in this example). The equivalent is true for the var value between V4 and Vmax (-Qmax in this example).
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1. Issue request to go into VVO Mode: 

a. Request to go into VVO Mode

b. Array of volt/var of setpoints (optional – if not included, then use previously established default array)

c. Requested ramp time for the ES-DER system to move from the current setpoint to the new setpoint if either it is now being constrained or it is now being released from a constraint (optional – if not included, then use previously established default ramp rate)

d. Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately, (optional – if not included, then default time window for this function will be used)

e. Timeout period, after which the ES-DER system will revert to its default status, such as resetting the maximum power setpoint to its default value (optional – if not included, then default timeout period for this function will be used)

2. Receive response to the command:

a. Successful (plus actual output power factor value)

b. Rejected (plus reason: equipment not available, message error, overridden)

Steps
	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Periodically or upon event 
	Distribution SCADA
	DMS
	Request for ADA applications to assess the status of the power system to determine if changes to volt/var optimization is needed for selected ES-DER 
	· Alarm/event/status information

· Appropriate SCADA measurements
	The status may be that significant power system volt/var changes have occurred near the selected ES-DER, thus changing power system efficiency or reliability

	2a
	Volt/var profile change is needed for selected ES-DER
	DMS
	DER EMS
	Request status of ES-DER to determine whether they can change their volt/var profile enough
	· Request for status and volt/var measurement information 
	This step is optionally used in direct interactions, but cannot be used in broadcast/multicast interactions

	2b
	Status request
	DER EMS
	ES-DER
	Request status
	· Request for status and current volt/var information
	Optional

	2c
	Response to status request
	ES-DER
	DER EMS
	Response to status request
	· ES-DER status current volt/var information
	

	2d
	Response to status request
	DER EMS
	DMS
	Response to status request
	· ES-DER status information
	Only if Direct Interactions are established between DER EMS and DMS

	3a
	Volt/var profile change is needed for selected ES-DER
	DMS
	DER EMS
	DMS develops volt/var setpoints and issues volt/var arrays to selected ES-DER
	· Request VVO Mode

· Array of volt/var of setpoints 

· Requested ramp time for the ES-DER system to move from the current setpoint to the new setpoint if either it is now being constrained or it is now being released from a constraint 

· Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately
· Timeout period, after which the ES-DER system will revert to its default status, such as resetting the maximum power setpoint to its default value 
	Optional parameters in the command:

· If volt/var array not included, then use previously established default array

· If ramp rate not included, then use previously established default ramp rate

· If time window not included, then default time window for this function will be used

· If timeout period not included, then default timeout period for this function will be used

	3b
	VVO change request
	DER EMS
	ES-DER
	Command ES-DER to change volt/var profile 
	· Command to adjust volt/var profile at requested ramp rate (if previously constrained)
	

	3c
	Response to VVO change request
	ES-DER
	DER EMS
	Response to VVO command
	· Successful (plus actual real power value)

· Rejected (plus reason: equipment not available, message error, overridden)
	

	3d
	Response to VVO change request
	DER EMS
	DMS
	Response to change VVO command
	· Successful (plus actual output real power value)

· Rejected (plus reason: equipment not available, message error, overridden)
	Optional step – only if Direct Interactions are used between the DER EMS and the DMS.


4.9 Use Case: Maximum Var Support Mode
Narrative
In this mode, ES-DER systems provide maximum vars currently available (Qmax available = 100%) without reducing kW output or exceeding Vmax. This mode would typically be invoked by the utility to support transmission var emergencies.
This function would essentially be represented as a straight horizontal line at Qmax = 100%, until the IEEE 1547 low voltage limit or ANSI C84.1 high voltage limit is reached or the inverter protective limits are hit (although the actual var value of Qmax itself could vary at different voltage levels).

The figure below provides one example of how a PV2 mode may be configured.   In this example, the inverter generates maximum capacitive vars for reduced voltages down to the cutoff limit Vmin.  As voltage increases above configuration point V1, var generation is ramped down, reaching zero at V2, so as not to drive the local system voltage too high.  

The ramp rates and/or the randomized time-constant settings are also required.
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1. Issue request to go into Maximum Var Mode: 
a. Request to go into Maximum Var Mode

b. Array of volt/var of setpoints (optional – if not included, then use previously established default array)

c. Requested ramp time for the ES-DER system to move from the current setpoint to the new setpoint if either it is now being constrained or it is now being released from a constraint (optional – if not included, then use previously established default ramp rate)

d. Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately, (optional – if not included, then default time window for this function will be used)

e. Timeout period, after which the ES-DER system will revert to its default status, such as resetting the maximum power setpoint to its default value (optional – if not included, then default timeout period for this function will be used)

Steps
	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Periodically or upon event 
	Distribution SCADA
	DMS
	Request for ADA applications to assess the status of the power system to determine if maximum vars are needed for selected ES-DER 
	· Alarm/event/status information

· Appropriate SCADA measurements
	The status may be that significant power system volt/var changes have occurred near the selected ES-DER, thus changing power system efficiency or reliability

	2a
	Maximum vars are needed from selected ES-DER
	DMS
	DER EMS
	Request status of selected ES-DER to determine whether they can provide maximum vars
	· Request for status and var measurement information 
	This step is optionally used in direct interactions, but cannot be used in broadcast/multicast interactions

	2b
	Status request
	DER EMS
	ES-DER
	Request status
	· Request for status and current volt/var information
	Optional

	2c
	Response to status request
	ES-DER
	DER EMS
	Response to status request
	· ES-DER status current volt/var information
	

	2d
	Response to status request
	DER EMS
	DMS
	Response to status request
	· ES-DER status and var  information
	Only if Direct Interactions are established between DER EMS and DMS

	3a
	Maximum vars needed updated actions from ES-DER
	DMS
	DER EMS
	DMS develops volt/var setpoints and issues volt/var arrays for maximum vars to selected ES-DER
	· Request Maximum Vars Mode

· Array of volt/var of setpoints 

· Requested ramp time for the ES-DER system to move from the current setpoint to the new setpoint if either it is now being constrained or it is now being released from a constraint 

· Time window within which to randomly execute the command. If the time window is zero, the command will be executed immediately
· Timeout period, after which the ES-DER system will revert to its default status, such as resetting the maximum power setpoint to its default value 
	Optional issues:

· If volt/var array not included, then use previously established default array

· If ramp rate not included, then use previously established default ramp rate

· If time window not included, then default time window for this function will be used

· If timeout period not included, then default timeout period for this function will be used

	3b
	Maximum Vars request
	DER EMS
	ES-DER
	Command ES-DER to go to Maximum Vars Mode 
	· Command to go to Maximum Vars Mode at requested ramp rate (if previously constrained)
	

	3c
	Response to Maximum Vars request
	ES-DER
	DER EMS
	Response to Maximum Vars command
	· Successful (plus actual var value)

· Rejected (plus reason: equipment not available, message error, overridden)
	

	3d
	Response to Maximum Vars request
	DER EMS
	DMS
	Response to Maximum Vars command
	· Successful (plus actual var value)

· Rejected (plus reason: equipment not available, message error, overridden)
	Optional step – only if Direct Interactions are used between the DER EMS and the DMS.


4.10 Use Case: Electric Vehicle Load Management

Narrative
The utility signals a load management level, such as request for improved efficiency or for flattening a peak power or for emergency scram.  The PEV participates in the event as required by the PEV program, such as stopping charging, slowing charging, or discharging. The PEV responses, or lack of responses, are captured for later billing and non-repudiation auditing purposes 

Optimized Energy Transfer programs are designed to incentivize customers whom are willing to give the energy provider control over their load.  More specifically these programs allow energy providers to reduce or interrupt customer loads during critical grid events.  The idea is that the energy provider based on the grid event can actively manage the charging load by either reducing or interrupting it.  In either case, the active management will support turn off those who have higher state of charge while only reducing the charge rate of those that have lower state of charge.  Usually, the energy provider offers a vast array of options with programs varying in the quantity of events and length of reduction or interruption periods. These include Regulation Services and taking advantage of Spinning Reserves.

The Utility may offer the Customer an Optimized Energy Transfer Program. This offers the customer and utility an opportunity to take advantage of Regulation services and utilize Spinning reserves and other methods to match grid load to demand in a predictable and accountable aspect.

Regulation services, are used to continuously fine-tune the balance between power generation and demand, in terms of the voltage and the frequency of the grid. In many power markets, this function, called regulation or automatic generation control (AGC), is priced separately from power generation and procured as an ancillary service (another such service is spinning reserves). The grid operator needs to be able to ensure generators ramp output up or down in real time to meet customer reactive power needs, manage customer impact on system voltage, frequency and system losses and ensure that power-factor problems at one customer site do not affect power quality elsewhere in the system. Again, providing regulation services requires electricity generation capacity in excess of demand.

Spinning reserves refers to generating capacity that is up and running, and synchronized with the electricity grid (but not contributing power). Spinning reserves generators contribute to grid stability, helping to arrest the decay of system frequency when there is a sudden breakdown or loss of another generator. Again, typically, power plants that can provide fast response to the calls of the grid operator are the most suitable, e.g. gas turbines. The capacity required to provide spinning reserves can also be seen as an underutilized investment, although essential for managing market risks.
Steps

5. Use Cases: Scheduled Real Power and Ancillary Services Commands
5.1 Overview of Issuing Schedules for Real Power and Ancillary Services
Larger ES-DER systems and large aggregations of small ES-DER systems have significant influence on the distribution system and have local volt/var characteristics that may vary throughout the day.  As a result, a single volt/var configuration may not be suitable at all times. Sending many control commands may impact the communications system or may not be received in a timely manner, leading to inadequate ES-DER system responses. However, if schedules can be established that the ES-DER systems can follow autonomously, then these communication impacts can be minimized.  

Therefore, in addition to direct control or broadcast/multicast requests, utilities and/or ESPs could send out “ES-DER Schedules” to individual and/or large groups of ES-DER systems, based on time, temperature, pricing signal, or possibly other criteria. This method allows more autonomous control with less tightly-coupled coordination, while requiring fewer interactions between the utility and the ES-DER.
For var support actions, ES-DER inverters could act in a similar manner to feeder capacitor banks, changing var settings based on a time schedule and/or temperature. This capability would most likely be used with larger installations of ES-DER inverters, for instance at a ES-DER farm, where the utility could manage the ES-DER inverters as part of primary feeder volt/var schemes.  The reason for this mode is that voltage sensed by these large inverters will differ from that sensed by nearby customers due to voltage drop on transformers and secondaries.  This is the same problem with voltage-switched capacitor banks.  

5.2 Actors for Scheduling

	Actor Name 
	Actor Type (person, organization, device, system, or subsystem)
	Actor Description 

	Distribution SCADA
	System
	DSCADA collects data from IEDs beyond the fence of the T&D substation and supports remote control of controllable devices in the field either in supervisory or close-loop modes. The field IEDs include utility DER and Micro-grid controllers, may include customer EMS. 

	DMS (Distribution Management System)
	System
	A set of integrated IT systems and ADA applications supporting the operations, maintenance, and planning of the electric distribution system 

	DER EMS
	System
	Energy management system, belonging to the owner or operator of the distributed energy resources (DER) Energy Storage - Distributed Energy Resource (ES-DER), that determines what actions to command the unit to perform.

	Energy Storage - Distributed Energy Resource (ES-DER)
	Device
	Device that can store energy, and can be commanded to charge or discharge

	ES-DER Schedule
	Subsystem
	Schedule of different ES-DER settings over time, temperature, pricing signal, or other criteria (e.g. voltage, frequency deviation, etc.)


5.3 Use Case: Scheduling for Real Power (Charge or Discharge ES-DER)
Narrative
This Use Case is the scheduled version of the “Request Real Power” function.  By sending a schedule to a device for charging and discharging, as opposed to immediate settings, the burden on the communication system may be reduced.  The settings for this function are still a percentage (based on system capacity), just as with the “Request Real Power” message.   

These schedules can be  sent to DER EMS and/or ES-DER systems as follows:

· During initialization of the interactions between the utility and the ES-DER, the utility or ESP issues one or more default ES-DER schedules (up to a limit of schedules determined during implementation). This allows subsequent commands to just be “Start schedule 1” or “Start schedule Peak Shave” without having to resend the schedule.
· These ES-DER schedules can be updated as necessary over time.
· These schedules consist of multi-column arrays of variable length (up to a maximum determined during implementation): 
· 1st column: Value – Real power (percentage of nominal) at ECP 

· 2nd column: Basis – time, temperature, pricing signal, or other criteria
· 3rd column: Range – range of time, temperature, pricing signal, or other criteria (range of time may be implicit, with the next “time” entry indicating the stop of the previous “time” entry)

· 4th column: Ramp – ramp rate to move from one real power setting to another
· If Basis is time-based, the time will be relative to the start time of the schedule, which would be one of the parameters in the command from the utility/ESP. 
· The first time in the schedule would be 00:00, implying that the first value should be ramped to at the start time given in the “Start Schedule” command
· The schedule can be stopped at its end or repeated: daily schedule, weekly schedule, etc.

· If Basis is temperature-based, it is assumed the ES-DER has access to either local temperature or a broadcast temperature. Temperature ranges would need to be included in the schedule.

· If Basis is pricing signal-based, it is assumed that a broadcast of the pricing signal will be provided. Depending upon the type of pricing signal, ranges may or may not need to be provided.

· “Start Schedule” command: the request for the ES-DER to start a schedule includes:

· Start schedule = xxx (identity of schedule)
· Start time = yy:mm:dd, hh:mm:ss

· Repeat/Do not repeat Schedule at yyy interval (e.g. daily)

Steps

	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Upon initialization
	DMS
	DER EMS
	Provide ES-DER Schedules for real power
	· ES-DER Schedule identifier

· Schedule arrays of 4 columns containing Value, Basis, Range, and Ramp
	These schedules could be provided locally (e.g. downloaded from a laptop) rather than received over the utility communications network

	2
	Update existing ES-DER Schedules
	DMS
	DER EMS
	Update ES-DER Schedules for real power
	· ES-DER Schedule identifier

· Schedule arrays of 4 columns containing Value, Basis, Range, and Ramp
	

	3
	Periodically or upon event 
	Distribution SCADA
	DMS
	Request for ADA applications to determine what schedule should be followed by selected ES-DER 
	· Event information

· Appropriate SCADA information
	

	4a
	Schedule is needed for selected ES-DER
	DMS
	DER EMS
	Request that the identified schedule be followed
	· Start schedule = xxx (identity of schedule)

· Start time = yy:mm:dd, hh:mm:ss

· Repeat/Do not repeat schedule at yyy interval
	

	4b
	ES-DER Schedule Basis changes (e.g. next time interval, changed temperature, new pricing signal)
	DER EMS
	ES-DER
	Command ES-DER to change real power per schedule
	· Command to adjust real power (percentage of nominal) at requested ramp rate
	

	4c
	Response to real power change request
	ES-DER
	DER EMS
	Response to change real power command
	· Successful (plus actual real power value)

· Rejected (plus reason: equipment not available, message error, overridden)
	


5.4 Use Case: Scheduling Var Modes 
Narrative
Schedules for Var Modes (Volt/Var Optimization and Maximum Vars) are more complex because the modes themselves are arrays of volt/var pairs. Therefore the 1st column Value would be the combination of the Mode and the identity of the volt/var array.
· These schedules consist of multi-column arrays of variable length (up to a maximum determined during implementation): 

· 1st column: Value – Volt/Var Mode and identity of volt/var array

· 2nd column: Basis – time, temperature, pricing signal, or other criteria

· 3rd column: Range – range of time, temperature, pricing signal, or other criteria (range of time may be implicit, with the next “time” entry indicating the stop of the previous “time” entry)

· 4th column: Ramp – ramp rate to move from one real power setting to another

Steps
	# 
	Triggering Event 
	Information Producer 
	Information 
Receiver 
	Description of 
Process/Activity 
	Information Exchanged 
	Notes or Comments

	1
	Upon initialization
	DMS
	DER EMS
	Provide ES-DER Schedules for Var Modes
	· ES-DER Schedule identifier

· Schedule arrays of 4 columns containing Value, Basis, Range, and Ramp

· Arrays of volt/var pairs
	These schedules could be provided locally (e.g. downloaded from a laptop) rather than received over the utility communications network

	2
	Update existing ES-DER Schedules
	DMS
	DER EMS
	Update ES-DER Schedules for Var Modes
	· ES-DER Schedule identifier

· Schedule arrays of 4 columns containing Value, Basis, Range, and Ramp

· Arrays of volt/var pairs
	

	3
	Periodically or upon event 
	Distribution SCADA
	DMS
	Request for ADA applications to determine what schedule should be followed by selected ES-DER 
	· Event information

· Appropriate SCADA information
	

	4a
	Schedule is needed for selected ES-DER
	DMS
	DER EMS
	Request that the identified schedule be followed
	· Start schedule = xxx (identity of schedule)

· Start time = yy:mm:dd, hh:mm:ss

· Repeat/Do not repeat schedule at yyy interval
	

	4b
	ES-DER Schedule Basis changes (e.g. next time interval, changed temperature, new pricing signal)
	DER EMS
	ES-DER
	Command ES-DER to change volt/var profile 
	· Command to adjust volt/var profile at requested ramp rate (if previously constrained)
	

	4c
	Response to volt/var change request
	ES-DER
	DER EMS
	Response to change volt/var profile
	· Successful (plus actual volt/var values)

· Rejected (plus reason: equipment not available, message error, overridden)
	


6. Additional ES-DER Use Cases?

It is recognized that there could be many additional ES-DER Use Cases. For instance, there will be Plug-In Electric Vehicle (PEV) Use Cases where PEVs are being used at least partially as ES-DER rather than pure load. In addition, it is likely that ES-DER will be used for frequency stabilization, harmonic cancellation, black start, and many emergency functions. However, the list of Use Cases in this document represent a good start at identifying these interactions.

