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FG-Smart Deliverable
Use Cases for Smart Grid

1.
Scope

This deliverable describes use cases for smart grid. 
The objective of this deliverable is to analyse several use cases for smart grid in the ICT perspective and identify requirements and architectural considerations. 
2.
References

There is no ITU-T Recommendation for references.

NOTE: References for use cases on Smart Grid are available in the Bibliography of this deliverable.
3.
Definitions

Definitions of terms in this deliverable are subject to the terminology deliverable.
4.
Abbreviations and acronyms

This deliverable uses the following abbreviations and acronyms:
AM/FM

Automated Mapping/Facilities Management

AMI


Advanced Metering Infrastructure
BAS


Building Automation Software
BEMS


Building Energy Management System

BMS


Battery Management System

CA


Contingency Analysis
CCS


Customer Communication System

CEE


Customer Energy Efficiency

CEV


Control of Electric Vehicle
CIS


Customer Information System
CSS


Customer Service System

DA


Distribution Automation
DER


Distributed Energy Resources

DIS


Distributed Intelligence Schemes
DMS


Distributed Management System

DOMA


Distribution Operation Modelling and Analysis



DR


Demand Response
DRMS


Demand Response Management System

EMS


Energy Management System
ES


Energy Storage
ESI


Energy Service Interface

EP


Energy Portal

ESP


Energy Service Provider

EUMD


End User Measurement Device


EVGI


Electric Vehicle to Grid Interaction

EVSE


Electric Vehicle Supply Equipment

FACTS


Flexible Alternating Current Transmission System

GIS


Geographic Information System

GW


Gateway

HAN


Home Area Network
HEMS


Home Energy Management System

HGW


Home Gateway

HVAC


Heating, Ventilating, and Air Conditioning

ICT


Information and Communications Technology

IEC


International Electrotechnical Commission
IED


Intelligent Electronic Devices
IHD


In-Home Display
ISO


Independent System Operators
LMS


Load Management system
LPS


Life Pattern Sensor

MDMS


Meter Data Management System

PEV


Plug-in Electric Vehicle
PHEV


Plug-in Hybrid Electric Vehicle

PMU


Phasor Measurement Unit

PV


Photo Voltaic 

RTO


Regional Transmission Operator

SCADA

Supervisory Control and Data Acquisition

SEP


Smart Energy Portal

SHG


Self-Healing Grid
SMES


Superconducting Magnetic Energy Storage

SPG


Service Point Gateway

UAV 


Unmanned Aerial Vehicle

UMA


Usage Measurement Aggregation
VEE


Validation, Estimation and Editing
VSC


Voltage Source Converter

VVWC


Voltage, Var, and Watt Control

WAMACS

Wide Area Monitoring and Control System

WASA


Wide-Area Situational Awareness

5.
Conventions

Detailed use cases in this deliverable are described by the following template. This template is applied for description of requirements in Sections 7. 

	Title - X: high-level use case title
	Sub-title: Specific title of use case related to the high-level use case

	Description
	General description for use case of smart grid in the ICT perspective

	Stakeholders(Actors)/ Domains
	Roles of related stakeholders and domains in the Appendix II

	Information Exchanges
	Protocol procedures between entities

	Source (References)
	FG-Smart contribution number and/or reference document, websites


6. 
High-Level Use Cases 
This section provides a brief description for high-level use cases shown in Figure 1.
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Figure 1. High-level Smart Grid use cases

	No
	Title
	Description
	Etc

	1
	Demand Response (DS)
	Mechanisms and incentives for utilities, business, industrial, and residential customers to cut energy use during times of peak demand or when power reliability is at risk. Demand response (DR) is necessary for optimizing the balance of power supply and demand.
	[b-IKB use cases]

	2
	Wide-Area Situational Awareness  (WASA)
	Monitoring and display of power-system components and performance across interconnections and over large geographic areas in near real-time. The goals of situational awareness are to understand and ultimately optimize the management of power-network components, behavior, and performance, as well as to anticipate, prevent, or respond to problems before disruptions can arise.
	[b-IKB use cases]

	3
	Energy Storage (ES)
	Means of storing energy, directly or indirectly. Smaller forms of energy storage (ES) are anticipated within distribution systems as well as bulk power systems. New storage capabilities—especially for distributed storage—would benefit the entire grid, from generation to end use, but the resources need to be correctly integrated into transmission and distribution operations.   
	[b-IKB use cases]

	4
	Electric Vehicle to Grid Interaction (EVGI)
	Enabling large-scale integration of plug-in electric vehicles (PEVs). Electric Vehicles can be viewed as a special case of mobile customer communications or can be aggregated by fleet operations. Electric vehicles can also be considered both an electric load as well as a form of electric storage with the potential for power injection capabilities. Integration of Electric Vehicles is subject to interoperability with market and revenue cycle services as well as real time distribution operations.
	[b-IKB use cases]

	5
	AMI systems
	Utilities are focusing on developing Advanced Metering Infrastructure (AMI) to implement residential DR and to serve as the chief mechanism for implementing dynamic pricing. It consists of the communications hardware and software and associated system and data management software that creates a two-way network between smart meters and utility business systems, enabling collection and distribution of information to customers and other parties, such as competitive retail suppliers or the utility itself. AMI provides customers dynamic pricing of electricity and it can help utilities achieve necessary load reductions.
	[b-IKB use cases]

	6
	Distribution Grid Management
	Maximizing performance of feeders, transformers, and other components of networked distribution systems and integrating with transmission systems and customer operations. As Smart Grid capabilities, such as AMI and DR, are developed, and as large numbers of Distributed Energy Resources (DER) and PEVs are deployed, the automation of distribution systems becomes increasingly more important to the efficient and reliable operation of the overall power system. The anticipated benefits of distribution grid management include increased reliability, reductions in peak loads, and improved capabilities for managing distributed sources of renewable energy.
	[b-IKB use cases]

	7
	Market Operations
	Market Operations includes the functions necessary to operate existing and future energy markets and associated services. Market Operations functions range from operating electric pricing and information exchange to establish electric and energy services pricing such as day ahead energy, ancillary services and exchange of bulk power. Market operations require interaction with energy and service providers as well as independent systems operators and regional transmission operators.
	[b-IKB use cases]

	8
	Existing user’s screens
	Displays used by customers/managers to access information and control about the grid; real-time prices, energy and appliances monitor, energy management system, remote monitoring, home grid alarm and so on. Mobile/Smart Phone, (IP)TV, Internet Video Phone, (Tablet) PC, wall-pad, etc. can be used for this purpose.
	Modified from Smart-i-0034, 264

	9
	Managing  Appliances through/by Energy Service Interface
	Inside the user’s premise, PEV (Plug-in Electric Vehicle), PV (Photo Voltaic system), home appliance, and household equipment participate in a home network and in local management that GW (Gateway) governs. Energy Service Interface (ESI) is allowed to handle charging and power management for home appliance including PEV. Street light control, Instant Read, Pricing Signal could be considered sub-items under the management of ESI as well. This service provides various managing capabilities of using electric energy such as monitor, control and operation of various devices which used in home environments by considering two different types of devices; smart home devices with electric metering and communicating capabilities and legacy home devices without such capabilities.
	Modified from Smart-i-0034, 0040, 19R1, 0046, 0251, 264

	10
	Control of Electric Vehicle (CEV)
	Electric Vehicle includes all-electric vehicles or Battery Electric Vehicles (BEVs), Plug-in Hybrid Electric vehicles (PHEVs), and plug-in conversions of hybrid electric vehicles. It is allowed to manage charging for EV in home as well as roaming location.
	Smart-i-0034, 0040, 0251

	11
	Distributed Energy  Generation/ Injection
	Distributed Energy Resources (DER), small-scale power generation sources located close to where electricity is used, provides an alternative to or an enhancement of the traditional electric power grid. It allows managing of electrical power generating/injection system to be used within the end user premise environment such as home, building. 
	Modified from Smart-i-0034, 0251


7. 
Detailed Use Cases 

7.1. 
Demand Response
	DR & CEE 1
	Customer Reduces Their Usage in Response to Pricing or Voluntary Load Reduction Events

	Description
	This scenario includes the actual mechanism to distribute price signals and voluntary load reduction events to customers (direct electronic delivery to the customer meter, display device within the home/business, automated telephone calls, e-mail, pager, commercial broadcast radio, newspapers, etc.). It includes the mechanism by which the AMI will display current pricing and voluntary load reduction event information within the customer’s home/business. The AMI will initiate automatic load reduction at the customer’s site by communicating event and pricing information to customer equipment and the customer equipment will take action based on the customer’s predefined setting. The customer will be able to program their load control specifications and refuse utility load reduction requests with a device within their home/business. The customer will also be able to manually curtail load based upon informational messages communicated to them through the AMI.

	Stakeholders(Actors)/ Domains
	Customer, Customer Control Equipment, Customer Display Device, AMI, Meter Data Management System (MDMS), Automated Data Collection System, Smart Meter, Customer Service System (CSS)

	Information Exchanges
	The Automated Data Collection System sends an event message to the meter of the pending pricing event, including the event type, event date and start/end time and hourly pricing.
Meter sends the event message to the customer's display device and control equipment for customer viewing and logs the action.
The meter sends another message to the customer's display device and/or control equipment for customer viewing, that the event start time has arrived and the meter will log action.
The meter sends an event message to the customer's display device and/or control equipment for customer viewing.

	Source (References)
	[b-IKB use cases]


	DR & CEE 2
	Customer Uses an Energy Management System (EMS) or In-Home Display (IHD)

	Description
	Customers with access to EMS and IHD are more inclined to install energy efficient equipment on their premises and participate in load reduction programs. This use case describes how customers and the utility use these new technologies for improved load management.

The following scenarios will be covered in this use case:

(a) Customer installs, configures and registers an EMS or IHD for use on their premises.

(b) Customer uses the EMS or IHD to manage and adjust energy use.

(c) Service provider uses the EMS at the customer’s premises to control or limit the energy load at that location.

	Stakeholders(Actors)/ Domains
	Utility, IHD, Customer, Network Management System, CSS, Smart Meter, Customer Device Communication System, Customer Service Representative, EMS, Third Party Aggregator

	Information Exchanges
	TBD

	Source (References)
	[b-IKB use cases]


	DR & CEE 3
	Customer Uses Smart Appliances

	Description
	The AMI is allowing customers to become actively involved in changing their energy consumption habits by connecting their personal Smart Appliances to the utility grid. This use case describes how the customer installs and begins using Smart Appliances to manage their energy usage and costs.

	Stakeholders(Actors)/ Domains
	Utility, Smart Appliance, MDMS, Customer, CSS, Smart Meter, Network Management System, Customer Service Representative, Customer Device Communication System, Utility Web Site

	Information Exchanges
	TBD

	Source (References)
	[b-IKB use cases]


	DR & CEE 4
	Demand Response Management System (DRMS) Manages Demand Through Direct Load Control

	Description
	The DR solution shall provide the ability to manage direct load control programs.

The DR solution shall manage the transmission of direct load control actions to direct-load-control-enabled devices.

The DR solution shall provide interact with customers to convey direct load control information. Studies indicate that customers want to know when direct load control measures are in effect.

	Stakeholders(Actors)/ Domains
	Independent System Operators (ISO), Distributor, DRMS, Customer

	Information Exchanges
	Emergency Signal: Distributor sends emergency signal to reduce demand to DRMS
Advance Curtailment Notification: DRMS sends advanced notification of DR curtailment to Customer
Curtailment Notice: DRMS sends curtailment notice to Customer

	Source (References)
	[b-IKB use cases]


	DR & CEE 5
	DRMS Manages Demand in Response to Pricing Signal

	Description
	The DR solution shall provide the ability to manage pricing signal programs designed to reduce load.

The DR solution shall manage the transmission of price signal information to DR-enabled devices.

The DR solution shall provide interact with customers to convey price signal information. Studies indicate that customers who understand the cost of electricity reduce their usage, especially when prices are high.

	Stakeholders(Actors)/ Domains
	ISO, Distributor, DRMS, Customer

	Information Exchanges
	(a) Demand Event: ISO sends demand event via pricing signal (up or down)
(b) Demand event notification: Distributor send demand event notification to DR-enabled devices via price signal
(c) Demand action notification: DR-enabled devices signal new demand to Distributor

	Source (References)
	[b-IKB use cases]


	DR & CEE 6
	External clients use the AMI to interact with devices at customer site

	Description
	The AMI will enable third parties, such as energy management companies, to use the communication infrastructure as a gateway (GW) to monitor and control customer equipment located at the customer’s premise. The AMI will be required to enable on demand requests and support a secure environment for the transmission of customer confidential information.

	Stakeholders(Actors)/ Domains
	Smart Meter, Third Party, Customer Device(s), Customer, Service Point Gateway (SPG) or ESI, Home Area Network (HAN), AMI, MDMS, Customer Communication System (CCS), Utility Website

	Information Exchanges
	(a) Information request: A third party issues a command or an information request to customer equipment. CCS passes request to the SPG (or ESI).
(b) Acknowledgement: SPG (or ESI) sends acknowledgment to CCS that request was received and CCS logs the receipt.
(c) Information request: SPG (or ESI) passes the message to the HAN, logs the transaction and sends a receipt to the CCS (if possible)
(d) Return message: Customer device sends return message through the HAN to the SPG (or ESI).
(e) Receipt: SPG (or ESI) receives the message, logs the transaction and sends a receipt to the CCS.
(f) Requested Data: SPG passes requested data to the CCS.
(g) Energy Related Data: CCS sends the energy related data to the third party.

	Source (References)
	[b-IKB use cases]


	DR & CEE 7
	Dynamic pricing – Energy Service Provider (ESP) Energy and Ancillary Services Aggregation

	Description
	ESP collects energy and ancillary services bids and offers from dynamic pricing and other DER subscribing customers. The ESP combines those bids into an aggregate bid into the market operations bid/offer system. When accepted, the ESP notifies the end customer of the status and requests scheduling of the services.

	Stakeholders(Actors)/ Domains
	ESP Bid and Offer System, ESP Bid Aggregation System, ESP Bid Submittal System, ESP

	Information Exchanges
	(a) Customer Bids and Offers: Bids for energy and ancillary services from dynamic pricing end-use customers to ESP for aggregation.
(b) Acceptance of Bids and Offers: Contractual acceptance to bids and offers made by dynamic pricing end-use customers
(c) Aggregated Bids and Offers: Aggregated bids and offers for energy and ancillary services made by ESP to Market Operations
(d) Acceptance of Aggregated Bids and Offers: Contractual acceptance to bids and offers made by ESP to Market Operations

	Source (References)
	[b-IKB use cases]


	DR & CEE 8
	Utility Procures Energy and Settles Wholesale Transactions Using Data from AMI System

	Description
	Using AMI, Market Operations acquires from the AMI system the actual aggregate load measured by a particular subset of the utility’s meters that are of interest to Market Operations. This subset of meters may, for instance, represent a single customer offering to supply distributed generation over a particular time period for a contracted price; or it may represent a number of customers who are offering through a third-party aggregator to reduce their load.

Using the AMI System, Market Operations can make better decisions about which wholesale transactions to make because:

The AMI measurements are made from a sample better resembling the portion of the load that is the subject of the wholesale transaction, and The AMI measurements are taken very close in time to when the transaction will take place,

Some times after a wholesale transaction has been completed, Market Operations settles the transaction using actual usage data gathered by the AMI system during the period specified in the transaction. Data from the AMI System is used to prepare bills and invoices to multiple parties involved in the transaction based on existing contracts and tariffs.

	Stakeholders(Actors)/ Domains
	Market Operations, Aggregation System / Usage Measurement Aggregation (UMA), Distributed Resources Availability And Control System, Load Forecasting, Energy Trader, Validation, Estimation and Editing (VEE) System

	Information Exchanges
	(a) Load Estimate: Distributed Resources Availability And Control System provides load estimates to Load Forecasting based on the hyper rate data and historical patterns.
(b) Load Forecast: Forecast is provided by forecasting group to day ahead and real-time traders.

(c) Meter Data: MDMS gathers meter data (KWH + ID) from individual meters. MDMS provides the gathered data to an Aggregation System prior to T+4.
(d) Aggregated Data: Aggregation System submits aggregated data  to Power Procurement Finance for generating invoices to the ISO and Third Parties.
(e) Wholesale Transaction Information: Aggregation System submits wholesale transaction information to Power Procurement Finance for generating invoices to the ISO and Third Parties.

	Source (References)
	[b-IKB use cases]


	DR & CEE 9
	Voltage, Var, and Watt Control (VVWC) with DR, DER, PEV, and ES

	Description
	The application calculates the optimal settings of voltage controller of Load Tap Changers, voltage regulators, DER, power electronic devices, capacitor statuses, and may enable DR means for optimizing the operations following current objectives. The application takes into account operational constraints if both distribution and transmission operations, and, if so opted, it takes into account real-time energy prices, when the objective is cost minimization.

	Stakeholders(Actors)/ Domains
	DisCOs Operator, Distribution Supervisory Control and Data Acquisition (SCADA), Distributed Management System (DMS): Distribution Operation Modelling and Analysis (DOMA), Load Management systems (LMSs), Field crews, Field Intelligent Electronic Devices (IEDs), Distributed intelligence schemes (DIS), TransCOs, Utility EMS, RTO/ISO, Market Operations Systems (Energy Market Clearinghouse), Major customers with EMS, Aggregator/Energy Services  (Customer representatives), AM/FM/GIS database, Customer Information System (CIS) databases, AMI, External Systems (Weather), Distribution Automation (DA) Database (Part of DMS)

	Information Exchanges
	TBD

	Source (References)
	[b-IKB use cases]


	DR & CEE 10
	Energy control 

	Description
	Energy saving in home or in building

	Stakeholders(Actors)/ Domains
	TBD

	Information Exchanges
	(a) Energy consumption monitored by LPS (Life Pattern Sensor) (Type 2) exceeds threshold.

(b) Operation status of home appliances is detected by LPS.

(c) Information is transferred to Home Gateway (HGW)
(d) HGW generates request of power saving to specific activated alliances according to power reduction policy.

	Source (References)
	Smart-I-71


	DR & CEE 11
	Energy management service

	Description
	This service is to enhance the efficiency of electrical power usage in home area. Control of HAN devices and metering of power consuming are required to provide this energy management service.

	Stakeholders(Actors)/ Domains
	· Energy consuming devices : smart home appliances with metering or control function, legacy  home appliances connected any metering/control devices

· Server system containing energy management functions: home server, smart meter, HGW etc. 

· Devices for displaying energy usage information or control input : IHD, Wall-pad, IPTV terminal Customer

	Information Exchanges
	(a) Server system receives individual appliances’ energy usage information from energy consuming devices

(b) Server process the collected energy usage information based on an embedded algorithm for the energy management.

(c) Customer can examine and verify the energy usage information through any display devices.

(d) Server system controls any energy consuming device based on the embedded algorithm for energy management or customer command.

	Source (References)
	Smart-I-72 and Smart-I-101


	DR & CEE 12
	Dynamic pricing related service

	Description
	This service is used to respond effectively to dynamic pricing mechanism from main grid utility network. This service allows that electric energy is stored to the storage during lower price period relatively, and then the stored electric energy should be used during the higher price period of electric power from main grid utility network.

	Stakeholders(Actors)/ Domains
	· ES devices
· Utility or ESP
· ESI devices : smart meter, HGW, home server etc.

	Information Exchanges
	(a) ESI device receives dynamic pricing information from utility or ESP.

(b) ESI devices controls whether the ES device stores electric power from utility or provides electric power to energy consuming devices in home area. The control is done based on the dynamic pricing. 

	Source (References)
	Smart-I-72 and Smart-I-101


	DR & CEE 13
	Dynamic pricing information transfer to Building Energy Management System (BEMS) through ESI

	Description
	Dynamic pricing information transfer to BEMS through ESI: This use case is to enhance the efficiency of electrical power usage in building. Based on the input dynamic pricing information, BEMS manages electric usage for building operation and maintenance.

	Stakeholders(Actors)/ Domains
	· Stakeholder(actors) : BEMS server, ESP or energy provider, ESI

· Domain : customer domain (building)

	Information Exchanges
	Dynamic pricing information is transferred from ESP or energy provider to BEMS server through ESI

	Source (References)
	Smart-I-125


	DR & CEE 14
	DR message transfer to BEMS through ESI

	Description
	DR message is transferred when external public grid needs to reduce demand by consumer with reaching to peak demand. Receiving the message, BEMS is able to control electricity usage in the building based on BEMS energy management algorithm and policy.

	Stakeholders(Actors)/ Domains
	· Stakeholder(actors) : BEMS server, ESP or energy provider, ESI

· Domain : customer area(building)

	Information Exchanges
	(a) Energy provider (or ESP) monitors their own power grid’s energy state regarding energy generation and consumption.

(b) When the energy provider detects that the power grid energy state is approached to critical range due to electric power shortage, DR message generates to reduce energy consumption.

(c) DR message is transferred from energy provider or ESP to BEMS server through ESI to reduce energy usage consumed by customer area (building).    

	Source (References)
	Smart-I-125


	DR & CEE 15
	Demand response signal generation for controlling home appliances 

	Description
	This is a use case for demand response signal generation for controlling home appliances. Electricity service provider's operating system makes several of DR(Demand Response) signal that is generated by multiplication of individual CBL(Customer Baseline Load) representing the customer's electricity usage patterns and dynamic pricing from power exchanges. And DR signals in the operating system are transmitted to the gateway in customer houses. DR signal pass to the consumer electronics and appliances. Power consumption of appliances varies depending on DR signal.

	Stakeholders(Actors)/ Domains
	Demand Response, Electricity service provider, operating system, Network, gateway, appliances 

	Information Exchanges
	(a) Electricity service provider's operating system multiply yesterday’s individual CBL(for 24 hours) and a day-ahead dynamic pricing(for 24 hours)

(b) The result value of multiplying that was a day-ahead real-time price is divided into several sectors for generating a DR signal.

(c) Electricity service provider's operating system multiply the current power usage of individual and dynamic pricing

(d) The operating system make sure that the result value of multiplying is located in a certain sector, and generate a DR signal

(e) DR signals in the operating system are transmitted to the gateway in customer houses

(f) DR signals through the gateway of the house pass to the consumer electronics and appliances

(g) Power consumption of appliances varies depending on DR signal(for example, smart home appliances operates by four DR signals)

	Source (References)
	Smart-I-247


7.2. 
WASA

	WASA 1
	Contingency Analysis (CA)-Future (advanced)

	Description
	Future CA is an enhanced application that takes advantage of the improved communications architecture being defined by IEC

Situational Awareness for the future. It will use wide area data and other data to improve its reliability, and to analyse power system security (safe and stable operation) for a wide operating region. Future CA will also incorporate intelligence features to resolve execution problems by using its knowledge base of previous experience in solving difficult situations.

	Stakeholders(Actors)/ Domains
	TBD

	Information Exchanges
	TBD

	Source (References)
	[b-IKB use cases]


	WASA 2
	Inter-Area Oscillation Damping 

	Description
	Low frequency Inter-area oscillations are detrimental to the goals of maximum power transfer and optimal power flow. An available solution to this problem is the addition of power system stabilizers to the automatic voltage regulators on the generators. The damping provided by this technique provides a means to minimize the effects of the oscillations.

	Stakeholders(Actors)/ Domains
	Phasor Measurement Unit (PMU), Automatic Voltage Regulator, Voltage Source Converter (VSC), Superconducting Magnetic Energy Storage (SMES), SMES Controller, Flexible Alternating Current Transmission System (FACTS)

	Information Exchanges
	A phasor calculated from data samples using a standard time signal as the reference for the sampling process. In this case, the phasors from remote sites have a defined common phase relationship.
Set points of the Automatic Voltage Regulator, FACTS and SMES systems.

	Source (References)
	[b-IKB use cases]


	WASA 3
	Monitoring Distribution Operations with DR, DER, PEV, and ES

	Description
	The objectives of this function are to monitor in the near-real time and in close look-ahead time the behaviour of distribution operations under normal operating conditions, analyse the operations, and provide the operator and other applications with the results of the analysis in a concise  manner.

The scope of the function includes monitoring the operations of distribution and immediate transmission systems including all elements connected to the distribution primaries and loads connected to the distribution secondaries, comprising conventional loads, loads with DR, DER, PEV, and electric storage devices.

	Stakeholders(Actors)/ Domains
	TBD

	Information Exchanges
	TBD

	Source (References)
	[b-IKB use cases]


	WASA 4
	Wide-Area Control System for the Self-Healing Grid (SHG)

	Description
	The objective of the SHG applications is to evaluate power system behaviour in real-time, prepare the power system for withstanding credible combinations of contingencies, prevent wide-area blackouts, and accommodate fast recovery from emergency state to normal state.

	Stakeholders(Actors)/ Domains
	TBD

	Information Exchanges
	TBD

	Source (References)
	[b-IKB use cases]


	WASA 5
	Synchro-Phasors

	Description
	This system provides synchronized and time-tagged voltage and current phasor measurements to any protection, control, or monitoring function that requires measurements taken from several locations, whose phase angles are measured against a common, system wide reference. This is an extension of simple phasor measurements, commonly made with respect to a local reference. In addition to providing synchronized measurements, the synchro-phasor system distributes the measurements.

	Stakeholders(Actors)/ Domains
	Synchro-phasor Client (General phasor client, Synchro-phasor subscriber, Synchro-phasor requestor), Synchro-phasor  Supporting Service (host device, synchronized sampling clock, analog to digital converter, Communications interface, Clock monitor, PMU)

	Information Exchanges
	TBD

	Source (References)
	[b-IKB use cases]


	WASA 6
	Voltage Var and Watt Control (VVWC) with DR, DER, PEV, and ES

	Description
	The same as DR & CEE 9


	WASA 7
	Load Shedding

	Description
	This procedure describes what activities are performed by an operator when he gets the order to release a determined value of load in a period, due to the possibility of partial or complete blackout. When the emergency situation is over, the operator has to restore the power. It is possible to create and execute certain jobs in order to restore power. 

Load shedding is a function to protect equipment against under-frequency. This kind of action is drastic and should only be used as a last resource. But there are situations where there is no other possibility. It can avoid danger to human life in sequence of a blackout, a voltage collapse, etc.

	Stakeholders(Actors)/ Domains
	Operator in the transport/production control center, Operator in the distribution control room, Energy Management, Network Operation

	Information Exchanges
	(a) The operator in the distribution control room receives an order to release a determined value of load in a period.
(b) The system must build a list of feeders (or sub- feeders) that should be open in order to get the total of load shedding necessary.
(c) The operator (or automatic system) opens the breakers necessary according to the list, starting from the lowest priority to the highest.
(d) The system must build a list of priorities for the closing of the feeders
(e) The operator (or automatic system) restores the power to the feeder as soon as that action is possible according to the list of priorities (build in the previous step), from the highest to the lowest priority.

	Source (References)
	[b-IKB use cases]


	WASA 8
	Voltage Security

	Description
	The Voltage Security function is designed to detect severe low voltage conditions based on phasor measurements of Power and Voltage and upon detection, initiate corrective action such as load shed.

	Stakeholders(Actors)/ Domains
	PMU, Phasor Data Concentrator, Decision System, Control System, Generation Capacity Database, Customer Load

	Information Exchanges
	(a) PMU captured phasor measurement of voltage and power
(b) System state parameters used for power flow analysis
(c) The resultant control decision made after analyzing the phasor and power flow, such as load shedding or generation change

	Source (References)
	[b-IKB use cases]


	WASA 9
	Wide-Area Monitoring and Control

	Description
	Wide Area Monitoring and Control System (WAMACS) Automated Control describes a set of functions that are typically automated within a substation, but are not directly associated with protection, fault handling, or equipment maintenance.  In general, they serve to optimize the operation of the power system and ensure its safe operation by preventing manually generated faults.

	Stakeholders(Actors)/ Domains
	Substation Computer Device, IED, Automation System, System Operator

	Information Exchanges
	[b-IKB use cases]


	WASA 10
	Monitoring of high voltage power transmission line and transmission tower

	Description
	High voltage power transmission line and transmission tower monitoring is used for monitoring the status of the power transmission line and transmission tower to ensure the sa

	Stakeholders(Actors)/ Domains
	Stakeholders(Actors): Power transmission company and monitoring device

Domains: Power company (Transmission)

	Information Exchanges
	(a) The monitoring devices should send the collected information to the GW. 
(b) The GW should transit the information to the backend system of the power company through wide area networks. 
(c) The information needed to be collected includes aeolian vibration,  wind deflection, line galloping, line temperature, line icing, tower inclination, and etc

	Source (References)
	Smart-I-0104


	WASA 11
	The use case regarding the Unmanned Aerial Vehicle (UAV) for overhead transmission line

	Description
	The high-voltage transmission lines are usually constructed in severe conditions such as steep mountains, the high-voltage multi-split large cross-section line, large crossing span, the tall tower, the complex terrain and lack of experienced labours, etc. which make the traditional manual patrol method incapable for meeting the needs of power grid development.
The UAV system, in support of the model aircraft platform, combines technologies including the fight-control, GPS navigation and aerial photography, communication, remote sensing and remote viewing. By controlling the camera remotely, the system can monitor the lines, towers, fittings, auxiliaries and transmission corridor environments, and transmit the data, images and videos back to ground station.
The UAV can inspect the lines in a short distance to towers (at least 20m). Being not limited by the landform, it can find defects rapidly and accurately, so that it can increase the quality and efficiency of line inspection tasks, and also reduce the working strength, and improve the working environment of the operating staff.
The UAV can be equipped by embedded navigation computers, GPS receivers, gyroscopic apparatuses, laser distance meters, acceleration meters, temperature sensors, compasses, image transmission systems, and wireless communication devices. The UAV is remotely controlled via wireless communication with the ground stations.

	Stakeholders(Actors)/ Domains
	Stakeholders(Actors): power grid company and utilities
Domains:  grid domain

	Information Exchanges
	The unmanned helicopters mainly inspect the following items:
(a) The lines, the fittings, the rusting and staining of towers, the transmission corridor environments, and other abnormalities or defects that can be discovered from outside. Image stabilizers, cameras and video recorders are used.
(b) The heat condition of wire pipes, cable clamps, insulators, and other heat-emitting components. Infrared imaging spectrographs are used.
(c) The corona and arcs of wires, drainages, conducting crimper, cable clamps, insulators, and other components. Ultraviolet imaging spectrographs are used.
The unmanned helicopters are also often used in disaster inspections, like deicing wire and towers.

	Potential new requirements
	TBD

	Source (References)
	TBD


7.3. Energy Storage
	ES 1
	Building Automation Software/System Optimization using Electric Storage

	Description
	ES is used as one mechanism to optimize building loads in response to dynamic pricing signals. The dynamic pricing system provides the dynamic pricing schedule through email, pager, bulletin board or direct transfer.   The dynamic pricing operator at for the customer must enter the schedule into the building automation software (BAS) and perform the necessary optimization activities to implement the dynamic pricing goals.

	Stakeholders(Actors)/ Domains
	ESP (Dynamic Pricing Calculator, Scheduling Coordinator, ESP), Dynamic Pricing Subscribing Customer (Customer, BAS optimization application)

	Information Exchanges
	Customer Day-Ahead or Hour-Ahead dynamic pricing
Optimized load and DER schedule from the BAS optimization application
Customer bids into the Energy and/or Ancillary Services Market

	Source (References)
	[b-IKB use cases]


	ES 2
	Impact of PEV as Load and Electric Storage on Distribution Operations

	Description
	The scope of the use case covers the collection of real-time information from large concentrations of connected PEV, from selected AMI sites, and from aggregated PEV load and storage models dependent on observable inputs (e.g., time of day and week, etc.). These object models will need to be developed based on processing data collected from PEV interfaces and AMI. These models will be updated with new information collected from the mentioned sources. Therefore, a PEV Analysis System will need to be developed within the utility IT systems. This system will need to be accessible by DMS and by the Aggregators. The information about the behavior of PEV as load and as Electric Storage combined with the information about regular loads, loads with DR and DER will be used by  DMS functions for monitoring and controlling the operations of distribution and immediate transmission systems The scope of the monitoring functions will include the following analyses: loading of distribution elements, voltage deviations and voltage imbalances, load transfer capabilities, loss components, dynamic voltage limits at the distribution and transmission buses, dispatchable real and reactive loads due to voltage and var control, DR, DER, PEV, and ES, and aggregated load characteristics at the buses of the transmission EMS models. It will also include monitoring the current reliability of the distribution system by running distribution CA periodically and by event. The controlling functions will include Service Restoration, Voltage, Var, and Watt Control, and Feeder Reconfiguration.

	Stakeholders(Actors)/ Domains
	Energy Market Clearinghouse, ISO/RTO, Utility Operations, Utility Apps, Metering/Billing/Utility Back Office, Aggregator/Energy Services Company, Customer Premises with PEV

	Information Exchanges
	(a) Request for aggregated load management (congestion management) in a particular wide area, price signals.
(b) Utility operation data and available dispatchable load by means of DR, DER, PEV and ES
(c) Energy and Ancillary Service Prices
(d) Bids for ancillary services
(e) Dynamic pricing (market-based or reliability based), Direct triggers for enabling PEV storage use, charge interruptions, requests for near-real time measurements
(f) Confirmations on execution of  direct controls, requests, and reaction on dynamic pricing, transmission of requested real-time measurements
(g) Load and consumption data, Start and End times for DR, ES, PEV connection and discharge. Other measurements.
(h) Measurements and other data  collected from  customers
(i) Request for information updates
(j) Exchange with object model updates, calculation results, switching orders, etc.

	Source (References)
	[b-IKB use cases]


	ES 3
	ES Owners Discharge Energy into the Power System

	Description
	ES owners discharge energy when it is economically advantageous to do so and/or when it can improve reliability, efficiency, or power quality of the power system operations.

	Stakeholders(Actors)/ Domains
	ES owner, ES management system, Aggregator, ES device, Utility operations system, RTO/ISO system, Electricity market clearinghouse

	Information Exchanges
	Pricing information
Utility overload or other reliability-impacting forecasts
ES capacity, charging rates, discharging rates

	Source (References)
	[b-IKB use cases]


	ES 4
	ES Owners Store Energy from the Power System

	Description
	ES owners store energy when it is at its lowest cost and when it has least possibility to be detrimental to the power system operations.

	Stakeholders(Actors)/ Domains
	ES owner, ES management system, Aggregator, ES device, Utility operations system, RTO/ISO system, Electricity market clearinghouse

	Information Exchanges
	(a) Pricing information
(b) Utility overload or other reliability-impacting forecasts
(c) ES capacity, charging rates, discharging rates

	Source (References)
	[b-IKB use cases]


	ES 5
	Electric Storage Provides Fast Voltage Sag Correction

	Description
	Electric storage provides fast voltage sag correction by responding rapidly and automatically during short to medium duration disturbances. This will avoid customer outages and ameliorate power quality problems.

	Stakeholders(Actors)/ Domains
	Electric storage device, Voltage sag sensor, Voltage sag response controller

	Information Exchanges
	Voltage sag information, ES discharge control commands

	Source (References)
	[b-IKB use cases]


	ES 6
	RTO/ISO Dispatches Electric Storage to Meet Power Demand

	Description
	Using either market-based generation scheduling or emergency control capabilities, the RTO/ISO directly dispatches stored electric energy to meet local or regional power demand.

	Stakeholders(Actors)/ Domains
	RTO/ISO EMS, Electric storage device, Electric market clearinghouse, Device Manager, Grid Operator, Transmission Grid, Distribution Management System, Distribution System Operator

	Information Exchanges
	(a) Real Power schedule for electric storage devices 
(b) VAR schedule for electric storage devices (power conversion)
(c) Available capacity, Pricing, Location, Device Health, Demand Schedule, Generation Schedule, Contingency Conditions, Real Power Actual, Reactive Power Actual

	Source (References)
	[b-IKB use cases]


	ES 7
	Utility Dispatches Electric Storage to Support Intentional Islanding

	Description
	A utility determines that an electric island (microgrid) could be intentionally established and dispatches electric storage as well as other DER generation and load management capabilities to support this islanding.

	Stakeholders(Actors)/ Domains
	Utility EMS, Electric Storage device, DER generation, LMS, Local Automatic Generation Control System

	Information Exchanges
	Storage capacity, Generation capacity, Load levels, Load management control commands, Automatic Generation Control commands

	Source (References)
	[b-IKB use cases]


	ES 8
	Dynamic pricing based Storage Control

	Description
	This service is used to respond effectively to dynamic pricing mechanism from main grid utility network. This service allows that electric energy is stored to the storage during lower price period relatively, and then the stored electric energy should be used during the higher price period of electric power from main grid utility network.

	Stakeholders(Actors)/ Domains
	· ES devices
· Utility or ESP
· ESI devices : smart meter, HGW, home server etc.

	Information Exchanges
	(a) ESI device receives dynamic pricing information from utility or ESP.

(b) ESI devices controls whether the ES device stores electric power from utility or provides electric power to energy consuming devices in home area. The control is done based on the dynamic pricing. 

	Source (References)
	Smart-I-72, Smart-I-124


	ES 9
	Premise electrical power storage management service

	Description
	This service is to control charge and discharge of the electrical power storage in premise environment based on dynamic pricing, ES’s power state, and so on.

	Stakeholders(Actors)/ Domains
	· ES devices

· Server system : home server, HGW, smart meter

· Battery management system(BMS) device

	Information Exchanges
	(a) BMS monitors the power state of the premise ES 

(b) The monitored information about ES is reported to server system.

(c) Server system manages charge and discharge of the ES based on dynamic pricing, power state, etc.

(d) BMS controls charge and discharge of the ES.

	Source (References)
	Smart-I-72 and Smart-I-101


	ES 10
	Energy Storage Clustering

	Description
	This use case is to control ESS clusters that are made up of individual ESSs distributed in specific area. In one cluster, there exists one operating center that takes some roles in controlling each ESS individually for storing electric power originated from renewable power sources. An operating center detects input/output of energy at each ESS and can make distribution of electric energy by comparing the energy level that each ESS has. Through the pattern analysis and prediction of power consumption, ESS operation mode can be determined.
It consists of 3 management parts: ESS, energy supply, and load management part. i) ESS management part takes some roles of obtaining battery SoC (State of Charge) information & calculating the energy storage capacity by integrating the assessed information. It also manages energy storage quantity information of each ESS & controls charging/discharging of the each ESS. ii) Energy supply management part judges energy level of each ESS based on the energy storage information & determines operation modes - whether it is charged or discharged - linked with ESS management part. It also distributes energy among ESSs in the cluster considering excess/short supply of energy level. iii) Load management part obtains real-time energy consumption quantity & computes the predicted value of energy consumption by analyzing the pattern of load energy consumption level. It also controls energy consumption of each load based on the energy storage capacity of ESS.

By introducing higher level control center that controls each cluster-unit TCCs, electric power transmission & trade can be possible.

	Stakeholders(Actors)/ Domains
	ES owner, ES management system, Aggregator

RTO/ISO system, ESP, Electricity market clearinghouse

ESI devices: Home server, HGW, Smart meter, etc.

	Information Exchanges
	(a) BMS monitors the power state of ESS & measures some values of ESS.

(b) Monitored information of each ESS is reported to ESS management part of clustered server system. Reported information includes SoC, energy level, present operating mode of ESS, etc. 

(c) ESS management part manages reported information & calculates the quantity of energy storage capability.

(d) Load management part of server system obtains quantity of energy consumption information & predicts energy consumption of the load by analyzing collected information.

(e) Based on energy level & predicted energy consumption information, energy supply management part of server system makes plans for power charge & discharge (C/D) & identifies excess/short supply of energy level.
(f)       In proportion to power C/D plans, stored electric power is distributed by comparing the energy level & electric power trade can be possible based on power capacity of ESSs in the cluster.
(g) The information derived from each clustered server is transmitted to higher-level server system periodically so that higher one acts as a controller of wide range of power C/D in a region.

	Source (References)
	Smart-I-248


7.4. Electric Vehicle to Grid Interaction
	EVGI 1
	Electric Vehicle Load Management

	Description
	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.

	Stakeholders(Actors)/ Domains
	Charger, Customer, Customer Account, Electric Vehicle Supply Equipment (EVSE), ESI, Guest, PEV, EV, PHEV, Utility

	Information Exchanges
	(a) PEV Requests a Charge
(b) Utility (vis ESI) provides Charging Parameters
(c) Utility monitors reserves
(d) Utility confirms and processes request

	Source (References)
	[b-IKB use cases]


	EVGI 2
	Customer Connects PEV to Premise Energy Portal

	Description
	Electric utilities desire to support these emerging loads with electricity at “off peak” times when energy costs are low and generation and power delivery assets are underutilized.  PEV manufacturers are interested in working with utilities to develop customer rates/programs which could provide customers with an increased incentive to purchase a PEV.  Within a utility service territory, the customer can plug in a PEV to receive a charge of electrical energy at his premise or plug in at another premise location.  The Utility may offer the Customer a PEV tariff that provides a low rate for off-peak charging and a higher rate for on-peak charging.  Each time the PEV is charged, Customers who have enrolled in a PEV program will exchange account and energy information.  Energy supplied to the PEV is reported to the utility for billing and presentation to the Customer.

	Stakeholders(Actors)/ Domains
	AES, Charger, Clearinghouse, Control Device, Customer, Customer Account, Customer Energy Management System, EVSE, Energy Portal (EP)/Smart Energy Portal (SEP), ESI, End Use Measurement Device (EUMD), Energy Service Company, Guest, PEV, EV, PHEV, Roaming Utility, Utility

	Information Exchanges
	Customer connects PEV, PEV/ESI Binds (Energy Services Communication Interface), PEV requests charge, Utility grants charge, PEV charges, EUMD measures, ESI communicates results to Utility

	Source (References)
	[b-IKB use cases]


	EVGI 3
	Impact of PEV as Load and Electric Storage on Distribution Operations

	Description
	The scope of the use case covers the collection of real-time information from large concentrations of connected PEV, from selected AMI sites, and from aggregated PEV load and storage models dependent on observable inputs (e.g., time of day and week, etc.). These object models will need to be developed based on processing data collected from PEV interfaces and AMI. These models will be updated with new information collected from the mentioned sources. Therefore, a PEV Analysis System will need to be developed within the utility IT systems. This system will need to be accessible by DMS and by the Aggregators. The information about the behavior of PEV as load and as Electric Storage combined with the information about regular loads, loads with DR and DER will be used by DMS functions for monitoring and controlling the operations of distribution and immediate transmission systems.

	Stakeholders(Actors)/ Domains
	Energy Market Clearinghouse, ISO/RTO, Utility Operations, Utility Apps, Metering/Billing/Utility Back Office, Aggregator/Energy Services Company, Customer Premises with PEV

	Information Exchanges
	(a) Request for aggregated load management (congestion management) in a particular wide area, price signals.
(b) Utility operation data and available dispatchable load by means of DR, DER, PEV and ES
(c) Energy and Ancillary Service Prices
(d) Bids for ancillary services
(e) Dynamic pricing (market-based or reliability based), Direct triggers for enabling PEV storage use, charge interruptions, requests for near-real time measurements
(f) Confirmations on execution of  direct controls, requests, and reaction on dynamic pricing, transmission of requested real-time measurements
(g) Load and consumption data, Start and End times for DR, ES, PEV connection and discharge. Other measurements.
(h) Measurements and other data  collected from  customers
(i) Request for information updates
(j) Exchange with object model updates, calculation results, switching orders, etc.

	Source (References)
	[b-IKB use cases]


	EVGI 4
	EV Network Test

	Description
	The PEV should be considered a special case when compared with devices connected to an ESI, such as a thermostat.

The Electric Vehicles may only be connected to the ESI/Meter for charging. It may be away for extended periods of time or roaming. 

For an electric vehicle to take advantage of special utility rates or to accept an Electric Vehicle and provide a roaming capability a EUMD or sub-meter dedicated to each Electric Vehicle has to available.

	Stakeholders(Actors)/ Domains
	ESI, Electric Vehicle, EUMD

	Information Exchanges
	(a) An electric vehicle should not be deregistered or cause an alarm if not found during periodic testing of registered devices.

(b) Any network diagnostics of electric vehicles as a device connected to the ESI should be scheduled during the expected charging connected time.

(c) If roamed vehicles are allowed to connect for a charge or a PEV tariff is enabled for the registered vehicle, a EUMD should be tested periodically to ensure availability and when an electric vehicle connects.
(d) The electric vehicle needs to confirm that it is connected to a EUMD before charging occurs if a PEV tariff is enabled or it is roaming.

	Source (References)
	[b-IKB use cases]


	EVGI 5
	PEV Default Charge Mode

	Description
	This use case principally highlights the issue where there could be substantial number of Electric Vehicle charging without a direct knowledge of the utility.

	Stakeholders(Actors)/ Domains
	Customer, Electric vehicle, Any power outlet, ESI

	Information Exchanges
	(a) Customer plugs Electric Vehicle into outlet. If programmed Vehicle/ESI attempts to communicate and validate connection, prior to charging.
(b) Electric Vehicle fails to find or communicate with ESI and, if programmed, informs the customer.

(c) Examples of failures are: ESI not present, communication error with ESI, electric vehicle not registered with Utility or roaming account.
(d) Charging commences, unless the electric vehicle is programmed to request acknowledgement by the customer that he accepts that he may not be on his PEV plan. (Customer accepts or declines)
(e) Utility is unaware of the electric vehicle load.

	Source (References)
	[b-IKB use cases]


	EVGI 6
	Utility Provides Accounting Services to PEV

	Description
	Based on the PEV program and tariff that the PEV customer has enrolled in, the utility or other accounting entity will issue bills to those PEV customers as well as providing other customer accounting services. These bills will be based on on-premise and off-premise meter (and/or sub-meter) readings for the appropriate time periods with the appropriate prices applied.

	Stakeholders(Actors)/ Domains
	PEV Customer, Accounting Entity, Meter, Sub meter/EUMD, ESI

	Information Exchanges
	Metering information, Authentication and authorization information, Settlement information, Customer bills

	Source (References)
	[b-IKB use cases]


	EVGI 7
	Management for V2G service

	Description
	V2G service is to use the energy storage of an electric vehicle as a distributed energy resource. To support the V2G service, it is required to manage charging and discharging of V2G capable EV. 

	Stakeholders(Actors)/ Domains
	ESI, Electric vehicle, EUMD 

	Information Exchanges
	(a) Monitoring the EV’s battery state and participation to V2G service.
(b) Bidirectional metering related to charging and discharging of V2G capable EV 

(c) Bidirectional electrical power control for charging and discharging of EV.
(d) Monitoring the electrical power state of power grid such as electrical voltage level, frequency, etc.

	Source (References)
	Smart-I-252


7.5. AMI Systems
	AMI 1
	Building Automation Software/System Optimization using Electric Storage

	Description
	ES is used as one mechanism to optimize building loads in response to dynamic pricing signals. The dynamic pricing system provides the dynamic pricing schedule through email, pager, bulletin board or direct transfer.   The dynamic pricing operator at for the customer must enter the schedule into the building automation software (BAS) and perform the necessary optimization activities to implement the dynamic pricing goals.  Note that EMS or Energy Management System is often used interchangeably with BAS.

	Stakeholders(Actors)/ Domains
	ESP(Dynamic Pricing Calculator, Scheduling Coordinator, ESP), Dynamic Pricing Subscribing Customer (Customer, BAS optimization application)

	Information Exchanges
	Customer Day-Ahead or Hour-Ahead Real-Time Prices
Optimized load and DER schedule from the BAS optimization application
Customer bids into the Energy and/or Ancillary Services Market

	Source (References)
	[b-IKB use cases]


	AMI 2
	DRMS Manages Demand Through Direct Load Control

	Description
	The DR solution shall provide the ability to manage direct load control programs. The DR solution shall manage the transmission of direct load control actions to direct-load-control-enabled devices. The DR solution shall provide interact with customers to convey direct load control information. Studies indicate that customers want to know when direct load control measures are in effect.

	Stakeholders(Actors)/ Domains
	ISO, Distributor, DRMS, Customer

	Information Exchanges
	(a) Distributor sends emergency signal to reduce demand to DRMS
(b) DRMS sends advanced notification of DR curtailment to Customer
(c) DRMS sends curtailment notice to Customer

	Source (References)
	[b-IKB use cases]


	AMI 3
	Electrical Vehicle Load Management

	Description
	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.

	Stakeholders(Actors)/ Domains
	Charger, Customer, Customer Account, EVSE, ESI, Guest, PEV, EV, PHEV, Utility

	Information Exchanges
	(a) Customer initiates request to enroll PEV in an Optimized Energy Transfer Program by contacting Utility and provides Customer and PEV information (i.e. Customer Account information, PEV ID, etc.).
(b) Utility sends general program information in the application form, via web or mail
(c) Customer makes a decision of when and where to use the program (based on need and cost). Customer completes enrollment form, returns to utility via web or mail
(d) Utility confirms and processes request
(e) Customer is enrolled

	Source (References)
	[b-IKB use cases]


	AMI 4
	External clients use the AMI to interact with devices at customer site

	Description
	The AMI will enable third parties, such as energy management companies, to use the communication infrastructure as a GW to monitor and control customer equipment located at the customer’s premise. The AMI will be required to enable on-demand requests and support a secure environment for the transmission of customer confidential information.

	Stakeholders(Actors)/ Domains
	Smart Meter, Third Party, Customer Device(s), Customer, SPG, HAN, AMI, MDMS, Customer Communication System, Website

	Information Exchanges
	(a) Energy management company issues a request to gather information from customer equipment.
(b) CCS passes request to the SPG.
(c) SPG sends acknowledgment to CCS that request was received and CCS logs the receipt.
(d) SPG passes the message to the HAN, logs the transaction and sends a receipt to the CCS (if possible)
(e) Customer device sends return message through the HAN to the SPG.
(f) SPG receives the message, logs the transaction and sends a receipt to the CCS.
(g) SPG passes requested data to the CCS.
(h) CCS sends the energy related data to the energy management company.

	Source (References)
	[b-IKB use cases]


	AMI 5
	Impact of PEV as Load and Electric Storage on Distribution Operations

	Description
	The same as ET 3


	AMI 6
	Dynamic pricing - ESP Energy and Ancillary Services Aggregation

	Description
	The same as DR & CEE 7

	Stakeholders(Actors)/ Domains
	ESP Bid and Offer System, ESP Bid Aggregation System, ESP Bid Submittal System, ESP, Market Operations (Market Ops. Bid and Offer system, Market Operation System) 

	Information Exchanges
	Bids for energy and ancillary services from dynamic pricing end-use customers to ESP for aggregation.
Contractual acceptance to bids and offers made by dynamic pricing end-use customers
Aggregated bids and offers for energy and ancillary services made by ESP to Market Operations
Contractual acceptance to bids and offers made by ESP to Market Operations

	Source (References)
	[b-IKB use cases]


	AMI 7
	Utility Provides Accounting Services to PEV

	Description
	Based on the PEV program and tariff that the PEV customer has enrolled in, the utility or other accounting entity will issue bills to those PEV customers as well as providing other customer accounting services. These bills will be based on on-premise and off-premise meter (and/or sub-meter) readings for the appropriate time periods with the appropriate prices applied.

	Stakeholders(Actors)/ Domains
	PEV Customer, Accounting Entity, Meter, Sub meter/EUMD, ESI, PEV

	Information Exchanges
	Metering information, Authentication and authorization information, Settlement information, Customer bills

	Source (References)
	[b-IKB use cases]


	AMI 8
	Voltage, Var, and Watt Control (VVWC) with DR, DER, PEV, and ES

	Description
	The same as DR & CEE 9


	AMI 9
	HAN device power metering service

	Description
	This service provides detailed metering of electrical energy consumed in the home area. It is classified with two categories of metering, premise total metering by smart meter and sub-metering for each HAN device.

	Stakeholders(Actors)/ Domains
	· Energy consuming devices in home area

· Server system : home server, HGW, smart meter

	Information Exchanges
	(a) Metering sensor measures amount of electrical power consumed the appliances, energy consuming devices.

(b) The measured energy information is transferred to server system

(c) The total power is sum of the individual transferred energy information from the energy consuming devices.

(d) Total metering can be measured by smart meter, but sub-metering is done by the individual metering sensor.

	Source (References)
	Smart-I-72 and Smart-I-101


7.6. Distribution Grid Management
	DGM 1
	Coordination Emergency and Restorative Actions in Distribution

	Description
	The scope of the use case covers the collection of real-time information a) from distribution feeders and feeder sections and associate this information with the setup of the emergency load shedding schemes; b) from large amount of DR, DER, ES and large concentrations of connected PEV; c) from selected AMI sites, and d) from aggregated DR, DER, ES, and PEV load and storage models dependent on observable inputs (e.g., time of day and week, etc.). These object models will need to be developed based on processing data collected from DR, DER, ES, and PEV interfaces and AMI.

	Stakeholders(Actors)/ Domains
	DisCOs Operator, Distribution SCADA, DMS functions: DOMA, LMS, Field crews, Field IEDs, DIS, TransCOs, Utility EMS, RTO/ISO, Energy Market Clearinghouse, Major customers with EMS, Aggregator/Energy Services  (Customer representatives), AM/FM/GIS database, CIS databases, AMI, External Systems (Weather), DA Database (Part of DMS)

	Information Exchanges
	TBD

	Source (References)
	[b-IKB use cases]


	DGM 2
	Monitoring Distribution Operations with DR, DER, PEV, and ES

	Description
	The same as WASA 3


	DGM 3
	Impact of PEV as Load and Electric Storage on Distribution Operations

	Description
	The same as EVGI 3


	DGM 4
	Service Restoration

	Description
	The scope of the use case covers the collection of real-time information from large amount of DR, DER, ES and large concentrations of connected PEV, from selected AMI sites, and from aggregated DR, DER, ES, and PEV load and storage models dependent on observable inputs (e.g., time of day and week, etc.). These object models will need to be developed based on processing data collected from DR, DER, ES, and PEV interfaces and AMI. These models will be updated with new information collected from the mentioned sources. Therefore, a DR, DER, ES, and PEV Analysis Systems will need to be developed within the utility IT systems. This system will need to be accessible by DMS and by the Aggregators. The information about the behavior regular loads, combined with the information about loads with DR, DER, ES and PEV will be used by DMS functions for monitoring and controlling the operations of distribution systems The scope of the reliability monitoring function will include CA. The controlling functions will include Service Restoration, and Feeder Reconfiguration.

	Stakeholders(Actors)/ Domains
	DisCOs Operator, Distribution SCADA, DMS functions: Monitoring Distribution Operations (DOMA), LMS, Field crews, Field IEDs, DIS, TransCOs, Utility EMS, RTO/ISO, Energy Market Clearinghouse, Major customers with EMS, Aggregator/Energy Services  (Customer representatives), AM/FM/GIS database, CIS databases, AMI, External Systems (Weather), DA Database (Part of DMS)

	Information Exchanges
	TBD

	Source (References)
	[b-IKB use cases]


	DGM 5
	Voltage, Var, and Watt Control (VVWC) with Dr, DER, PEV, and ES

	Description
	The same as DR & CEE 9


	DGM 6
	Electrical power sharing service

	Description
	This service allows that a group of the premises can share the electrical energy generated by common DER platform. A member of the group is able to borrow the scarce electrical energy from other member within the premise’s group.

	Stakeholders(Actors)/ Domains
	· ESP

· Server system in each home : home server, HGW, smart meter

· DER devices

· ES
· A group of premises

	Information Exchanges
	(a) ESP monitors amount of electrical power generated by DER and the DER’s energy status.

(b) Members of the premise group shares the electrical power generated by the common DER.

(c) Under control of ESP, a member of the group is able to borrow the scarce electrical energy from other member within the premise’s group.

(d) Server system or ESP manages the amount of electrical power

	Source (References)
	Smart-I-72 and Smart-I-101


	DGM 7
	DER status transfer to BEMS

	Description
	This use case provides the generated energy information by DER such as PV type power generation and wind power generation. Based in this information, BEMS recognizes the amount of locally generated electric power.  

	Stakeholders(Actors)/ Domains
	· Stakeholder(actors) : Renewable DER, BEMS server, ESI

· Domain : customer domain (building)

	Information Exchanges
	BEMS server receives periodic information regarding electric power generated by DER, renewable.

	Source (References)
	Smart-I-125 


7.7. Market Operations 
	MO 1
	Electrical power trading service

	Description
	This service allows selling surplus energy during the relative high price period, as the premise is able to play a role of energy provider with DER or ES.

	Stakeholders(Actors)/ Domains
	· Power utility or ESP

· Server system in each home : home server, HGW, smart meter

	Information Exchanges
	(a) Sever system receives dynamic pricing information from utility or ESP

(b) Premise can provides any surplus electrical power to utility of power grid during the relative high price period. 

(c) The amount of the electrical power trading is measured by server system.

	Source (References)
	Smart-I-72 and Smart-I-101


	MO 2
	The use case of unattended smart business hall in smart grid

	Description
	This document provides a use case of unattended smart business hall in smart grid marketing region.
Using marketing systems, mobile internet and bank payment systems as the basis, unattended smart business halls can provide users with 7*24h continuous high quality services, including electricity usage data inquiring, pay for electricity bills, power supply business acceptance, information announcing, etc. Moreover, unattended smart business halls can reduce the utility's operating costs and improve management efficiency.

Unattended smart business halls can provide service in 3 different ways: making appointments, self-service, and remote visualisation service.
Electricity usage service self-service terminals and remote visualization server are two important devices of a smart business hall. Electricity usage service self-service terminals resort to technologies like certificate image processing, handwrite input, audio / video communication, remote assistance, to provide services like electricity usage information inquiring, self-service payment, power supply business acceptance, information announcing, etc. Remote visualization server can realize functions including user information management, staff on-line service, and system management, etc.
Unattended smart business halls should install identity certification systems, to realize long distance RFID or non-contact ID/IC card reading and recognition.
Unattended smart business halls should install security supervisory and control system, for remote monitoring, alarm video recording and restoring, indexing and replaying, and alarm linkage, etc.

	Stakeholders(Actors)/ Domains
	Stakeholders(Actors): power grid company and utilities
Domains:  grid domain

	Information Exchanges
	There are 4 types of services unattended smart business halls can provide:
(a) electricity usage data inquiring, including real-time electricity usage, remaining balance, electricity bill, payment record, etc.
(b) self-service paying for electricity bills: including cash payment, bank / credit card payment, and other payment instruments like smart card.
(c) power supply business acceptance: including new account registrations, user information (user name, address, user type, etc.) modifications, installation, maintenance and repair of smart meters and other equipment, etc.
(d) information announcing: including outage announcements, current power rate, power usage principles and rules, energy efficiency publicities, power usage knowledge, smart business hall user guides, etc.

	Potential new requirements
	TBD

	Source (References)
	TBD


7.8. Existing User’s Screens 
	EUS 1
	Energy monitor 

	Description
	Visualization of energy consumption in home and in remote center

	Stakeholders(Actors)/ Domains
	TBD

	Information Exchanges
	(a) LPS detects total power consumption. 

(b) Its data is transferred to HGW.

(c) This data is displayed on DTV or PC in home, and/or

(d) It is transferred to remote server over WAN

	Source (References)
	Smart-I-71


	EUS 2
	Energy information service

	Description
	This service provides energy information, which is data containing ES state, amount of electrical energy consumed by HAN devices, electrical energy generated by DER  and the DER’s state. The information are required to be transferred to customer regardless of the place and time through wired or wireless communication interface using this service. Personal handheld devices such as smart phone and IHD can be used for typical devices for this service.

	Stakeholders(Actors)/ Domains
	· ESP

· Server system in each home : home server, HGW, smart meter
· Energy consuming devices
· ES and DER
User screen devices : smart phone, IHD, IPTV terminal, etc.

	Information Exchanges
	(a) Sever system collects energy information, which are ES state and stored electrical power, energy usage consumed by HAN devices, electrical energy generated by DER and DER’s state, etc.

(b) The energy information is transferred to user’s screen such as personal handheld devices, IHD, user terminal for internet service, etc.
(c) User screen device display the energy information for customer.
This service can be provided based on wired and wireless networking services.

	Source (References)
	Smart-I-72 and Smart-I-101


	EUS 3
	Premise energy status display service

	Description
	This service provides capabilities to present energy usage information associate with displaying energy status of devices operating in a premise. It can be considered as a subset of above energy information service.

	Stakeholders(Actors)/ Domains
	· Server system in each home : home server, HGW, smart meter
· Energy consuming devices, ES, DER, etc.

· User screen devices : hand held devices, IHD, IPTV terminal, etc.

	Information Exchanges
	(a) Sever system collects energy information from ES, HAN devices, DER, and etc.

(b) The energy information is transferred to user’s screen such as personal handheld devices, IHD, user terminal for internet service, etc.
(c) User screen device display the energy information for customer.
This service can be provided intra home network service only.

	Source (References)
	Smart-I-72 and Smart-I-101


	EUS 4
	Remote monitoring and control service using handheld device

	Description
	This service allows to monitor and control of energy usage of HAN devices using user mobile terminal by customer. It can be considered as a subset of above energy information service.

	Stakeholders(Actors)/ Domains
	· ESP

· Server system in each home : home server, HGW, smart meter
· Energy consuming devices, ES, DER, etc.

· User screen devices : smart phone, internet terminal, etc.

	Information Exchanges
	(a) Sever system collects energy information, which are ES state and stored electrical power, energy usage consumed by HAN devices, electrical energy generated by DER and DER’s state, etc.

(b) Remote customer requests any energy information for local home devices.

(c) ESP requests the relevant information to Server system.

(d)  The energy information is transferred remote user screed through ESP.

	Source (References)
	Smart-I-72 and Smart-I-101


	EUS 5
	Home grid alarm service

	Description
	This service provides capabilities to indicate abnormal state of home area smart grid throughout effective monitoring of HAN devices and electricity state.

	Stakeholders(Actors)/ Domains
	· Server system in each home : home server, HGW, smart meter
· HAN devices : smart home devices, legacy home devices, ES device, DER device, etc.

	Information Exchanges
	(a) Server system collects information regarding device and system monitoring.

(b) Server system resolves whether a fault or emergency is occurred or not, and what kind of fault/emergency is occurred, based on the collected information

(c) If needs, the server system reports to customer and ESP about the alarm.

	Source (References)
	Smart-I-72 and Smart-I-101


	EUS 6
	Monitor of electric power and appliances operating status 

	Description
	Visualization of energy consumption and appliances operating status to user in/outside home and to service provider in remote center

	Stakeholders(Actors)/ Domains
	Stakeholders: Service provider 

Domains: To user: Customer Domain, To service provider: Service Provider Domain 

	Information Exchanges
	(a) LPS detects total power consumption and detect electric current noise. 

(b) Its data is transferred to GW.

(c) GW recognizes appliance operating status using the electric current noise*

(d) This data is displayed on DTV or PC in home, and/or

(e) It is transferred to remote center over network
* Pattern of electric current noise can be downloaded from remote center and/or appliance vendor. Otherwise, it can be learned by user 

	Source (References)
	Smart-I-71


	EUS 7
	Flexible Energy Management service 

	Description
	Flexible visualization of energy consumption and generation provides energy management for specified closed group (xEMS), such as energy management for individual home (HEMS: Home Energy Management System), for building (BEMS), for franchise chain consisting of small shops (Franchise Energy Management System), for factory area consisting of many machines (Factory Energy Management System), and for closed residential group (Community Energy Management System).Flexible visualization of energy consumption specifies managed group dynamically using communication network and servers. In this service, power consumption and generation in specific components is monitored by users and/or service providers. For example, power consumption of air conditioner as a legacy appliance and power generation of Power Conditioning Sub-system as the new equipment are monitored. This service is deployed by service provider, independently metering .Monitoring data is applied to motivation of ecology by user, and  is managed by service provider for evidence of ecology promotion by some organizations.

	Stakeholders(Actors)/ Domains
	Service provider, Customer

	Information Exchanges
	Periodically information collection from Customer domain to Service provider 

On demand report from Customer to Service provider 

	Source (References)
	Smart-I-0108


7.9. Managing Appliances Through/By Energy Service Interface
	MA 1
	Charging management for appliances including electric vehicle at home 

	Description
	Inside the user’s premise, PEV , PV system, home appliance, and household equipment participate in a home network and in load management that GW  governs. PEV is considered both an electric load and an electric storage. PEV communicates to the home network.

	Stakeholders(Actors)/ Domains
	Organization (company), Device, System, Stored information in computer memory or on media, Computer program(s) and displays / Operators, Customer(Home/Building/Commercial/Industrial)

	Information Exchanges
	(a) GW detects PEV coming into the garage. GW authenticates and authorizes PEV. PEV sends to GW information on e.g. charge level, miles driven, driving pattern.

(b) GW, while monitoring power generation of PV and electricity consumption of home appliances/household equipment, receives the information. GW decides whether to charge PEV, inject PEV’s power to home, or do nothing.

(c) For charging of PEV, GW dictates PEV to change into the charge mode. PEV detects when it’s fully charged. PEV informs GW and stays stand-by.

(d) For injection of PEV’s power to home, GW dictates PEV to change into the discharge mode. GW monitors status of discharging and load balance at home. GW judges and dictates PEV to stop discharging. PEV stays stand-by.

(e) When PEV goes out of the garage, GW detects it.

	Source (References)
	Smart-I-0067


	MA 2
	HAN device power management service (including monitoring, control and operation aspects)

	Description
	This service provides various managing capabilities of using electric energy such as monitor, control and operation of various devices which used in home environments by considering two different types of devices: smart home devices with electric metering and communicating capabilities and legacy home devices without such capabilities.

	Stakeholders(Actors)/ Domains
	· Server system in each home : home server, HGW, smart meter
· HAN devices : smart home devices, legacy home devices

	Information Exchanges
	(a) Server system collects information regarding monitoring, metering.

(b) Server system resolves a policy for any home devices based on management algorithm.

(c) Server controls any home devices based on the resolved policy. 

	Source (References)
	Smart-I-0072 and Smart-I-101


	MA 3
	Detailed metering information transfer to BEMS through ESI

	Description
	This use case is to provide detailed energy usage by building electric consuming devices. Based on the provided usage information, BEMS monitors the building energy usage in detail and manages the operation of the building devices and facilities. 

	Stakeholders(Actors)/ Domains
	· Stakeholder(actors) : BEMS server, appliances in building, ESI

· Domain : customer domain (building)

	Information Exchanges
	(a) Detailed metering information per appliance is transferred to BEMS server for effective building energy management function.
(b) BEMS server identifies the detailed energy usage of each energy consuming device.
(c) Based on the energy usage information, BEMS manages the operation of building devices and facilities.  

	Source (References)
	Smart-I-125 


	MA 4
	BEMS controls electric consuming device through ESI

	Description
	Based on the DR message and/or dynamic pricing information from utility, BEMS is able to control any energy consuming component intra building area. 

	Stakeholders(Actors)/ Domains
	· Stakeholder(actors) : BEMS server, Building appliances, ESI

· Domain : customer domain (building)

	Information Exchanges
	BEMS server controls building appliances based on dynamic pricing information, DR message, energy management algorithm, and so forth. 

	Source (References)
	Smart-I-125


7.10. Control of Electric Vehicle 
	CEV 1
	Charging for electric vehicle

	Description
	This use case considers the steps to charge the electric vehicle from the point of plugging the vehicle in at the customer premise to unplugging the electric vehicle from the charging station. Information related to utility PEV programs, energy usage, and PEV charging status/information will be made available to the customer for viewing via a website or other customer provided display equipment. This use case covers the following scenarios:

· Customer enrolls in PEV program and completes initial setup for PEV – utilities communications

· PEV and utility establish/re-establish communications session at the time of charging

· Utility provides billing services for PEV charging to customer

· Utility provides customer access to PEV charging and status information
NOTE: Use cases combined telecom services and smart grid will be investigated.

	Stakeholders(Actors)/ Domains
	TBD

	Information Exchanges
	TBD

	Source (References)
	Smart-I-0079


	CEV 2
	Electric Vehicle Roaming

	Description
	The EV customer plugs the EV into the grid at locations different from their “home” location.

	Stakeholders(Actors)/ Domains
	EV(Electric Vehicle), EV customer, Utility(home), Charging Service Provider/Utility(visited), Charging Equipment (Electric Vehicle Supply Equipment; EVSE) 

	Information Exchanges
	(a) EV or EVSE sends a charging request message which includes EV ID or EV customer ID to the charging service provider, e.g. utility (visited), who operates the EVSE. 

(b) The visited utility forwards the EV ID/EV customer ID to the home utility of the EV customer for authorization.

(c) After the authorization by the home utility, the visited utility sends a confirmation message to the EV or EVSE. The message may include tariff information for the EV/EV customer.

(d) The charging information (e.g. EV ID/EV customer ID, energy usage information, time stamp) is sent to the visited utility and the home utility. 

	Source (References)
	Smart-I-0080, Smart-I-122


	CEV 3
	EV(electric vehicle) information transfer to BEMS

	Description
	This use case provides EV’s state such as storage state, operating schedule to BEMS server. The provided information can be used for responding to DR from utility and managing building energy usage by BEMS server system. Based on this information, BEMS is able to control charge/discharge of EV’s ES.

	Stakeholders(Actors)/ Domains
	· Stakeholder(actors) : Electric Vehicle, BEMS server, ESI

· Domain : customer domain (building)

	Information Exchanges
	The following information is transferred from electric vehicle to BEMS server through ESI
· EV identifier
· State of charging of EV’s battery
· EV’s operating schedule 

	Source (References)
	Smart-I-125 


	CEV 4
	BEMS controls EV’s electric charge and discharge

	Description
	Based on some information including dynamic pricing message and/or DR message from utility, BEMS is able to control charge/discharge of EV’s ES. BEMS has to consider the EV’s state such as storage state, operating schedule to optimize energy usage by EV and the building energy consuming component.

	Stakeholders(Actors)/ Domains
	· Stakeholder(actors) : Electric Vehicle, BEMS server, ESI

· Domain : customer domain (building)

	Information Exchanges
	BEMS server can control EV’s electric charge or discharge based on dynamic pricing information, DR message, energy management algorithm, EV identifier, State of charging of EV’s battery, EV’s operating schedule, user request, etc.

	Source (References)
	Smart-I-125 


7.11. Distributed Energy Generation/ Injection 
	DEGI 1
	Renewable system management service

	Description
	This service allows managing of electrical power generating/injection system to be used within the end user premise environment such as home, building.

	Stakeholders(Actors)/ Domains
	· Server system in each home : home server, HGW, smart meter
· DER
· ES

	Information Exchanges
	(a) DER reports the operating state (ON/OFF, Generating/No-Generating), etc.

(b) Server system controls inverter function and D/A conversion operation regarding  DER and ES

	Source (References)
	Smart-I-0072 and Smart-I-101


7.12. Other use cases 

3rd party service provider’s business 

	SPB 1
	Senior care 

	Description
	Monitoring behavior of senior person by operation status of home appliances to user in/outside home and to service provider in remote center

	Stakeholders(Actors)/ Domains
	Stakeholders: 3rd party service provider

Domains: To user: Customer Domain, To service provider: 3rd party service provider Domain

	Information Exchanges
	(a) LPS  detects operation status of home appliances.

(b) Information is transferred to GW.

(c) GW understands behavior of senior person.

(d) GW recognizes some problems, then it reports them to service center and/or user.

	Source (References)
	Smart-I-71


	SPB 2
	Life support 

	Description
	Monitoring life pattern by operation status of home appliances, and providing suggestion of life pattern

	Stakeholders(Actors)/ Domains
	Stakeholders: 3rd party service provider

Domains: To user: Customer Domain, To service provider: 3rd party service provider Domain

	Information Exchanges
	(a) LPS detects operation status of home appliances.

(b) Information is transferred to GW.

(c) GW understands behavior of senior person.

(d) GW recognizes some problems, then it reports them to service center and/or user.

	Source (References)
	Smart-I-71


Green by ICT

	GICT 1
	Home security 

	Description
	On-demand remote monitoring using sensor network infrastructure

<This is categorized in “Green by ICT”>

	Stakeholders(Actors)/ Domains
	Stakeholders: 3rd party service provider, Customer

Domains: 3rd party service provider and Customer Domains

	Information Exchanges
	(a) Senor detects suspicious person and some accidents

(b) These status are reported to subscriber and remote server

(c) Energy reduction without rush and regularly patrol

	Source (References)
	Smart-I-71


	GICT 2
	Monitor of climate change 

	Description
	Collecting temperature, humidity, and other features by distributed sensor network in home 

	Stakeholders(Actors)/ Domains
	 Stakeholders: 3rd party service provider, Customer

Domains: 3rd party service provider and Customer Domains

	Information Exchanges
	(a) Sensor detects these values

(b) These values are reported to remote server managing climate change

	Source (References)
	Smart-I-71


LBS

	LBS
	LBS-based Home Device Control 

	Description
	This use case is the control of home devices using LBS (Location Based Service) system.
LBS system gathers user’s movement profiles such as his/her moving route (including timing and location) in home, and turn-on/off status of electronic devices, etc.
Based on those profiles, pre-defined control sequences per scenario (weekdays, weekends, in-house/out of house, etc.) for home devices are classified.
When a user enters/leaves home, home devices could be controlled by appropriate sequence.

	Stakeholders(Actors)/ Domains
	Utility, Customer, mobile phone, home network

	Information Exchanges
	(a) User’s moving route (i.e., from garage to bed through main entrance, living, kitchen and bedroom, including entering and leaving information from/to home) and status of home devices (i.e., turn-on/off of home appliances, lights, thermometer, heating system, air-conditioning system, etc.) are simultaneously gathered through home network, moving sensors and mobile phone, etc.
(b) Based on the above information, specific control sequence for home devices are identified and classified. (i.e., when user enters home at weekdays; turning on light of bedroom at first, then setting up 25’C of thermometer, moving to kitchen and turning on TV in the living room, etc.)
(c) When user enters/leaves home, home devices are controlled through appropriate classified sequence.

	Source (References)
	Smart-I-246
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Appendix I
Use Cases from ZigBee
Smart Energy Profile

Marketing Requirements Document (MRD)
The following items were captured from Appendix B - ZigBee+HomePlug MRD Home Area Network Use Cases in ZigBee standard.
Installation

· REP Ordered Devices – Professional Install 

· Utility HAN Devices – Self Install 

· Retail Off-The-Shelf HAN Devices – Self Install

Prepay

· Customer Enrolls In Prepay

· Prepay Customer Makes Payment Use Cases

· Customer either fails to make a payment or fails to pay enough

· Customer payment is reversed due to dishonored negotiable instrument and Remaining Credit is less than or equal to zero

· Customer payment is reversed due to dishonored negotiable instrument.

· Remaining Credit is greater than zero

· Customer makes required payment to be reconnected

· Remaining Credit kWh Adjustment Algorithm Use Case

· Remaining Credit Messages Communicated to the Customer

· Freeform Messages Communicated to the Customer

· Customer opts out of AMI Prepay Program

· Auto-pay Option

· The customer prepays for electricity service at their site but there is no power

User Information and Messages

· User Information and User Messages

· Management Messages

PEV Use Cases

· Customer enrolls in PHEV program, completes initial setup for PEV and implements connection and charging Cycles

· Utility provides services to PEV Customer

· Customer connects PEV to premise energy portal

· Utility provides services to PEV Customer

Load Control and DR
· Utility Initiates DR
· Utility DRe – Opt out, Override, Cancellation
· HAN Device Requests and Responds
Appendix II
Stakeholders and Domains in the Use Cases
In this deliverable, various types of stakeholders (actors) are considered:

· Organization (company);

· Utility company, aggregator/energy services (customer representatives), etc

· Device;

· EUMD, electric storage device, field Integration Development Environment, DIS , etc

· Person;

· Guest, system planning department, field equipment maintenance management, power network model engineer, field crews and operator,  etc

· System;

· EMS system, LMS, etc

· Stored information in computer memory or on media;

· EMS database(s), etc

· Computer program(s) and displays.

· Analysis application, etc

This deliverable also considers the following 5 domains:  

· Customer;

· Markets;

· Service providers; 

· Operators (operations);

· Power company (bulk generation, transmission and distribution).

Table II-1 and Table II-2 provide descriptions for domains and actors in the Smart Grid use cases.

Table II-1. Domains and Actors in the smart grid conceptual model in architecture deliverable

	Domain
	Actors in the Domain

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

	Markets 
	The operators and participants in electricity markets. 

	Service Providers 
	The organizations providing services to electrical customers and utilities. 

	Operations 
	The managers of the movement of electricity. 

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

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

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


Table II-2. Domains, types and actors in the IKB use cases

	Domain
	Type
	Actor

	Agency
	Organization
	Environmental Authority, Federal Agency, Local Authority. Metering Authority, Reliability Authority

	Bulk Generation
	Application
	Generation Asset Management, Generation Measure, Generation Operation/Control, Generation Protection, Generation Record, Generation Stabilize and Optimize, Plant Control System

	
	Device
	Biomass, Coal, Gas, Geothermal Nuclear, Pumped Storage, Wholesale Hydro, Wholesale Solar, Wholesale Wind Generation

	
	Facility
	Bulk Generation

	
	
	Generation Substation

	Customer
	Application
	Appliance Control, Building Automation System, Building Gateway, Consumption Response Method,

Industrial Automation, Measurement

	
	Data
	Supporting Objects

	
	Device
	Appliance, Cogeneration, Controllable Load, Critical Loads, Customer Device, Distributed Generation, Distributed Generation Submeter, Distributed Solar, Distributed Wind, Electric Storage, Electric Vehicle, Electric Vehicle Meter, Electric Vehicle Service Element, End Device, End Use Measurement Device, ESI, Facility Energy Management System/GW, In Home Display, Industrial GW, Lighting, Load, Load Device, Meter, Multi Unit Submeter, Point of Interface, Sheddable Loads, Smart Meter, Storage System, Submeter, Thermal Storage, Thermostat

	
	Facility
	Campus, Customer Premise Network, Customer Substation, Micro Hydro

	
	Person
	Customer, Facility Manager, Financial Manager

	
	
	Direct Current Loads

	Distribution
	Application
	Distributed Intelligence Capabilities, Distribution Asset Management, Distribution Field Crew Tools, Distribution Measure, Distribution Record, Distribution Stabilize and Optimize, Metering, Billing, Utility Back Office, Workforce Tool

	
	Data
	DR Objects

	
	Device
	Access Point, Actuator, Capacitor Bank, Distributed Storage, Distribution Control Devices, Distribution Data Collector, Distribution Intelligent Electric Device, Distribution Protection and Control Devices, Distribution Protection Devices, Distribution Sensor, Distribution System Energy Resources, Normally Open Switch, Recloser, Relay, Sectionalizer, Water Or Gas Meter

	
	Facility
	Distribution Substation, Distribution Substation Network, Facility, Field Area Network, Microgrid Distributed Generation Network, Neighborhood Area Network, Other Networks, Workforce Mobile Network

	
	Organization
	Energy Supplier

	
	Person
	Distribution Field Crews

	Market
	Application
	Ancillary Ops, Distributed Generation Aggregation, Market Enrollment, Market Management, Market Ops, Retailing, Trading, Wholesaling

	
	Device
	Response Method Aggregation

	
	Organization
	Business Entity, Energy Market Clearinghouse, Market, Market Participant, Resource, Retail Market, Wholesale Market

	Operations
	Application
	Back Office Systems, Business Planning and Reporting, Customer Portal, Customer Support, DRMS, Distribution Management System, Distribution SCADA, DMS Application, Energy Management System, Extension Planning, Financial Geographic Information System, Human Resources, LMS, Maintenance and Construction, MDMS,  Meter Reading and Control, Network Operations, Network Operations Analysis, Network Operations Calculations, Network Operations Control, Network Operations Fault Analysis, Network Operations Monitor, Network Operations Reporting and Statistics, Operational Planning, Outage Management System, Premises, Records and Assets

Security Management, Service Provider Storage Management, Stakeholder Planning and Reporting, Supply Chain Logistics, Transmission SCADA, Utility Apps, Utility ES Management Service, Wide Area Measurement and Control System, Work Management System

	
	Data
	Communication Method

	
	Device
	AMI Head-end

	
	Facility
	Backhaul WAN, Communications Network, Grid Operations Core Network, Power System Control Center, Public Internet/Intranet, Regional Interconnects

	
	Organization
	Distribution Engineering, Grid Operations, Independent System Operator, Regional Transmission Organization, System Operator, Transmission Operations and Control Center, Utility Distribution Operator

	
	Person
	Distribution Operator

	Service Provider
	Application
	Account Management, Billing, Building Management, Customer Information System, Customer Management, Emerging Services, Home Management, Third Party Billing, Third Party Installation and Maintenance, Third Party Retail Energy Provider, Utility Managed Billing, Utility Managed Installation and Maintenance, Utility Retail Energy Provider

	
	Organization
	Aggregator, DR Provider, Designated Dispatch Entity, DR Service Provider, Energy Information Provider, Energy Services Aggregator, Internet Service Provider, Load Serving Entity, Response Method Aggregator, Scheduling Entity, Service Provider, Third Party

	
	Person
	Customer Service Representative, Installation Service Technician, Participant

	Transmission
	Application
	Transmission Asset Management, Transmission Measure, Transmission Record, Transmission Stabilize and Optimize

	
	Device
	Peaker Phasor Measurement Unit, Reactor, SMES Systems, 
Transmission Actuator, Transmission Battery Storage, Transmission Control Devices, Transmission IED, Transmission Protection Devices, Transmission Remote Terminal Unit, Transmission Sensor

	
	Facility
	Transmission Substation, Transmission Substation Network

	
	Organization
	Transmission Engineering


Appendix III
Use Cases for Building Management
1. High Level Consideration of Smart Grid Services connected to Building Energy Management

BEMS is a system technology for managing the building facility and component operation focused specially on energy. To improve their effectiveness, it includes additional sensing, metering and controlling components based on ICT hardware and software technology. And, to provide energy management function, it monitors and manages all conventional Building Automation System including electric power(electricity) Building Automation System, HVAC(heating, ventilating, and air conditioning)  Building Automation System and Facility Management System together with newly included sensor, meter and control components. With the introduction of intelligent electric system by smart grid, it is anticipated to be provided various smart energy services to improve energy efficiency in building domain connected to smart grid.
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Figure III-1. High level consideration for smart grid services connected Building Energy Management
As shown in the Figure III-1, In-Building SG infrastructure including detailed metering, detailed electricity control, ESI, DER and electric transportation(EV, electric vehicle) will be configured with introducing the smart grid technology into building domain. Then, it is required to define and harmonize the interface between In-building SG technology and BEMS system technology, as described with dotted line area in Figure III-1. The considering standard issue items will be communication protocol and information model.

2. Candidate use cases for smart energy services based on interworking between SG and BEMS
Followings are list of use cases for smart energy services based on interworking between smart grid and BEMS. As an initial input, this contribution briefly introduces key features of each use cases for smart energy services in building domain. 

· Dynamic pricing information transfer to BEMS through ESI: This use case is to enhance the efficiency of electrical power usage in building. Based on the input dynamic pricing information, BEMS manages electric usage for building operation and maintenance.   

· Detailed metering information transfer to BEMS through ESI: This use case is to provide detailed energy usage by building electric consuming devices. Based on the provided usage information, BEMS monitors the building energy usage in detail and manages the operation of the building devices and facilities.   

· DR(demand signal) message transfer to BEMS through ESI: This message transfer is occurred when external public grid needs to reduce demand by consumer with reaching to peak demand. Receiving the message, BEMS is able to control electricity usage in the building based on BEMS energy management algorithm and policy. 

· DER status transfer to BEMS: This use case provides the generated energy information by DER such as PV type power generation and wind power generation. Based in this information, BEMS recognizes the amount of locally generated electric power.  
· EV(electric vehicle) information transfer to BEMS: This use case provides EV’s state such as storage state, operating schedule to BEMS server. The provided information can be used for responding to DR from utility and managing building energy usage by BEMS server system. Based on this information, BEMS is able to control charge/discharge of EV’s ES.
· BEMS controls electric consuming device through ESI: Based on the DR message and/or dynamic pricing information from utility, BEMS is able to control any energy consuming component intra building area. 
· BEMS controls EV’s electric charge and discharge: Based on some information including dynamic pricing message and/or DR message from utility, BEMS is able to control charge/discharge of EV’s ES. BEMS has to consider the EV’s state such as storage state, operating schedule to optimize energy usage by EV and the building energy consuming component.
Appendix IV
Summary of Smart Grid Use Cases
	High-level Use Cases
	Detailed Use Cases
	

	1
	Demand Response
	1
	Customer Reduces Their Usage in Response to Pricing or Voluntary Load Reduction Events
	

	
	
	2
	Customer Uses an EMS or IHD
	

	
	
	3
	Customer Uses Smart Appliances
	

	
	
	4
	DRMS Manages Demand Through Direct Load Control
	

	
	
	5
	DRMS Manages Demand in Response to Pricing Signal
	

	
	
	6
	External clients use the AMI to interact with devices at customer site
	

	
	
	7
	Dynamic pricing - ESP Energy and Ancillary Services Aggregation
	

	
	
	8
	Utility Procures Energy and Settles Wholesale Transactions Using Data from AMI System
	

	
	
	9
	Voltage, Var, and Watt Control (VVWC) with DR, DER, PEV, and ES
	

	
	
	10
	Energy control
	

	
	
	11
	Energy management service
	

	
	
	12
	Dynamic pricing related service
	

	
	
	13
	Dynamic pricing information transfer to BEMS through ESI
	

	
	
	14
	DR message transfer to BEMS through ESI
	

	
	
	15
	Demand response signal generation for controlling home appliances
	

	2
	WASA
	1
	Contingency Analysis (CA)-Future (advanced)
	

	
	
	2
	Inter-Area Oscillation Damping
	

	
	
	3
	Monitoring Distribution Operations with DR, DER, PEV, and ES
	

	
	
	4
	Wide-Area Control System for the Self-Healing Grid (SHG)
	

	
	
	5
	Synchro-Phasors
	

	
	
	6
	Voltage Var and Watt Control (VVWC) with DR, DER, PEV, and ES
	

	
	
	7
	Load Shedding
	

	
	
	8
	Voltage Security
	

	
	
	9
	Wide-Area Monitoring and Control
	

	
	
	10
	Monitoring of high voltage power transmission line and transmission tower
	

	
	
	11
	The use case regarding the Unmanned Aerial Vehicle (UAV) for overhead transmission line
	

	3
	Energy storage
	1
	Building Automation Software/System Optimization using Electric Storage
	

	
	
	2
	Impact of PEV as Load and Electric Storage on Distribution Operations
	

	
	
	3
	ES Owners Discharge Energy into the Power System
	

	
	
	4
	ES Owners Store Energy from the Power System
	

	
	
	5
	Electric Storage Provides Fast Voltage Sag Correction
	

	
	
	6
	RTO/ISO Dispatches Electric Storage to Meet Power Demand
	

	
	
	7
	Utility Dispatches Electric Storage to Support Intentional Islanding
	

	
	
	8
	Dynamic pricing based Storage Control
	

	
	
	9
	Premise electrical power storage management service
	

	
	
	10
	Energy Storage Clustering
	

	4
	Electric Vehicle to Grid Interaction
	1
	Electric Vehicle Load Management
	

	
	
	2
	Customer Connects PEV to Premise Energy Portal
	

	
	
	3
	Impact of PEV as Load and Electric Storage on Distribution Operations
	

	
	
	4
	EV Network Test
	

	
	
	5
	PEV Default Charge Mode
	

	
	
	6
	Utility Provides Accounting Services to PEV
	

	
	
	7
	Management for V2G service
	

	5
	AMI systems
	1
	Building Automation Software/System Optimization using Electric Storage
	

	
	
	2
	DRMS Manages Demand Through Direct Load Control
	

	
	
	3
	Electrical Vehicle Load Management
	

	
	
	4
	External clients use the AMI to interact with devices at customer site
	

	
	
	5
	Impact of PEV as Load and Electric Storage on Distribution Operations
	

	
	
	6
	Dynamic pricing - ESP Energy and Ancillary Services Aggregation
	

	
	
	7
	Utility Provides Accounting Services to PEV
	

	
	
	8
	Voltage, Var, and Watt Control (VVWC) with DR, DER, PEV, and ES
	

	
	
	9
	HAN device power metering service
	

	6
	Distribution Grid Management
	1
	Coordination Emergency and Restorative Actions in Distribution
	

	
	
	2
	Monitoring Distribution Operations with DR, DER, PEV, and ES
	

	
	
	3
	Impact of PEV as Load and Electric Storage on Distribution Operations
	

	
	
	4
	Service Restoration
	

	
	
	5
	Voltage, Var, and Watt Control (VVWC) with Dr, DER, PEV, and ES
	

	
	
	6
	Electrical power sharing service
	

	
	
	7
	DER status transfer to BEMS
	

	7
	Market Operations
	1
	Electrical power trading service
	

	
	
	2
	The use case of unattended smart business hall in smart grid
	

	8
	Existing User’s Screens
	1
	Energy monitor
	

	
	
	2
	Energy information service
	

	
	
	3
	Premise energy status display service
	

	
	
	4
	Remote monitoring and control service using handheld device
	

	
	
	5
	Home grid alarm service
	

	
	
	6
	Monitor of electric power and appliances operating status
	

	
	
	7
	Flexible Energy Management service
	

	9
	Managing Appliances Through/By Energy Service Interface

	1
	Charging management for appliances including electric vehicle at home
	

	
	
	2
	HAN device power management service (including monitoring, control and operation aspects)
	

	
	
	3
	Detailed metering information transfer to BEMS through ESI
	

	
	
	4
	BEMS controls electric consuming device through ESI
	

	10
	Control of Electric Vehicle
	1
	Charging for electric vehicle
	

	
	
	2
	Electric Vehicle Roaming
	

	
	
	3
	EV(electric vehicle) information transfer to BEMS
	

	
	
	4
	BEMS controls EV’s electric charge and discharge
	

	11
	Distributed Energy Generation/Injection
	1
	Renewable system management service
	

	12
	Others
	1
	Senior care
	

	
	
	2
	Life support
	

	
	
	3
	Home security
	

	
	
	4
	Monitor of climate change
	

	
	
	5
	LBS-based Home Device Control
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