Use Case: Preparation and update in near-real time the operation model of the Active Distribution Network aggregated at the transmission buses (Transmission bus Load Model –TBLM)
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Overall preconditions.

	Actor/System/Contract
	Preconditions or Assumptions

	Distribution SCADA
	Distribution SCADA database is updated via remote monitoring and operator inputs. Required scope, speed, and accuracy of real-time measurements are provided, supervisory and closed-loop control is supported, and their availability is reported. Distribution SCADA communicates with substation RTU (controllers), field IEDs, large DER and micro-grid controllers, and with large customer EMS.

	AM/FM/GIS  databases
	AM/FM system contains the geographical information of the distribution power system circuit connectivity, as well as the parameters describing the power system facilities, including all electric characteristics of distribution transformers, as well as circuit connectivity and parameters of secondary circuits between the distribution transformers and customers or their equivalents consistent with voltage drops and power losses. Conceptually, the AM/FM/GIS database can contain transmission connectivity and facility data and relevant to distribution operations customer-related data. AM/FM/GIS databases is interfaced with the Customer Information System and/or with AMI Data management System for linkage between the customer data and point of the distribution nodal load models, with AMI, DER, and DR data management systems for updates of secondary circuit equivalents, and adaptable models of load, DER, ES, and DR. Alternative interfaces between these data management systems and DMS are possible.  AM/FM/GIS databases are also accessible to field crews via mobile computing for updates on facility connectivity and parameters. The AM/FM/GIS databases are updated, proof-tested and corrected in a timely manner to provide a high probability of preparedness for supporting near-real-time DMS applications.  

	AMI
	There is a significant penetration of multi-functional Smart Meters able to frequently measure, store, and transmit kW, kvar, high accuracy Volts, voltage sags and swells, “Last Gasps”, and higher harmonics data. The meters also serve as gateways for two-way communications between the utility and other authorized parties with the customers.  They also can be used for transmitting prices and other triggering signals for enabling DR, control of customer-side DERs, ES, and PEVs. The meters can be used by the customers for communication to the utility and other parties of their choices regarding participation in DR, DER, ES, and PEV controls.

	AMI Data Management System
	AMI Data Management System communicates with Smart Meters, collects, stores, and processes measurements from the Smart Meters. It is interfaced with other data management system, such as GIS, DER, DR, and PEV and with the DMS system, through which it provides and receives information in accordance with the designs if the relevant object models and DMS applications. 

	CIS database
	CIS contains energy consumption and load data for each customer separate, even for the ones, which are included in consolidated accounts, based on measurement interval established for the Smart Meters and also aggregated for established billing periods.  CIS interfaces with GIS and other data management systems according to the designs of the object models used in DMS and the designs of the DMS applications.

	DER
	Large DER are able to generate real and reactive power, absorb reactive power, and are equipped with gateways able to communicate with SCADA and with controllers able to monitor and control the operations of DER based on either local, or remote inputs, and may contain a portion or entirely the object model of DER. DER embedded in the customer domain are interfaced with other parties through a Smart Meter or another customer-oriented gateway, are able to respond to utility requests, to price signals and other triggers, some DER are also able to generate and absorb reactive power, including some at times, when the DER does not generate real power. The DER object model includes the multi-dimensional capability curves (tables). 

	DER data management system
	Controlling  DER and ES charging/discharging based on DMS requests/commands or based on contracts between the DER owner and the aggregator;  processing and storing data on contracts, relevant historic information, creating adaptable models of DER, collecting, processing, and storing power quality and reliability characteristics, etc. according to the designs of the object models and DMS applications

	DR  data management system
	Controlling DR based on DMS requests/commands or based on contracts between the customer and the aggregator, processing and storing data on load management programs, contracts, relevant historic information, creating adaptable models, collecting, processing, and storing customer-specific data according to the designs of the object models and DMS applications.

	PEV data management system
	Encouraging or discouraging charging PEV through relevant pricing or other incentives/disincentives obtained from DMS, processing and storing data on PEV programs, contracts, relevant historic information, creating adaptable models, collecting, processing, and storing customer-specific data according to the designs of the object models and DMS applications. 

	SCADA/EMS
	EMS system contains the transmission power system model, and can provide the transmission connectivity, relevant facility e, and operational information on the transmission system in the vicinity of the distribution power system. EMS accepts information from the TBLM for the use in the EMS applications and transmits requests/commands from EMS applications to the TBLM to be executed by the DMS in accordance with the design of the DMS applications. 

	Customer Energy Management System
	Customer Energy Management System can receive pricing and other signals for managing customer devices, including appliances, DER, electric storage, and PEVs. It provides DMS and/or relevant Data Management Systems with it entire or partial object model, including near-real time states. 

	Energy Services Interface (ESI)
	Provides cyber security and, often, coordination functions that enable secure interactions between relevant Home Area Network Devices and the Utility.  Permits applications such as remote load control, monitoring and control of distributed generation, in-home display of customer usage, reading of non-energy meters, and integration with building management systems.  Provides auditing/logging functions that record transactions to and from Home Area Networking Devices. Can also act as a gateway and can be a part of the Customer Energy Management System. .

	DMS conversion and validation function (C&V)
	The C&V function uses standard interface between AM/FM/GIS database and converts and validates information about incremental changes implemented in the field.

	DMS: Distribution Operation Modeling and Analysis (DOMA)
	Distribution SCADA with several IEDs along distribution feeders, reporting statuses of remotely controlled switches and analogs including Amps, kW, kvar, and kV. Operator’s ability for updating the SCADA database with statuses of switches not monitored remotely (outage detection by AMI can be used also). Substation SCADA with analogs and statuses from CBs exists.  EMS is interfaced with DMS. DMS database is updated with the latest AM/FM/GIS/CIS/AMI data and operators input. The options for DOMA performance are selected.  DOMA includes adaptable load models, including Demand Response with all dependencies on external factors, and adaptable DER and ES models. These models are updated by the corresponding data management systems. The DOMA database is updated by the real-time state of communication with IEDs and the availability of switch control.  DOMA is able to run automatically within given ranges of operational and price parameters either specified for the TBLM or determined by the set of IVVWOst runs within these ranges.

	DMS: Distribution Contingency Analysis (DCA)
	The conventional N-m DCA is upgraded to integrate the DER and DR and to analyze the behavior of the Active Distribution Network in cases of disturbances in the bulk power system. Voltage angles are provided by EMS State estimation and are taken into account by the DCA. Voltage, Var, and Watt Optimization in the study mode is integrated with DCA for adjusting voltage and var after reconfiguration. The output of the DCA is available for the use by the TBLM developer.

	DMS: Multi-level Feeder Reconfiguration in study mode (MFRst)
	This application is available in case there is a request from the EMS or OMS to move load from buses with high LMP to busses with lower LMP.  MFRst is able to include DER and micro-grids in the MFRst solutions. Voltage angles are provided by EMS State estimation and are taken into account by the MFRst. Voltage, Var, and Watt Optimization in the study mode is integrated with MFRst for adjusting voltage and var after reconfiguration.  The output of the MFRst is available for the use by the TBLM developer to provide the ranges of availability.

	DMS: Voltage, Var, and Watt Optimization in study mode (VVWOst)
	IVVO is able to run automatically within given ranges of operational and price parameters either specified for the TBLM requirements or determined by the set of DCAst and MFRst runs within these ranges.

	DMS: Coordination of emergency actions in study mode (CEAst)
	This application interfaces with the DCA and determines the sequence of emergency actions for optimum mitigation of the contingency. 

	DMS: Load Management systems in study mode(LMSst) 
	LMSst is able to perform “what if” analyses based on predefined ranges of possible external signals, which may come either from the TBLM setup, or from DMS applications (e.g., reliability prices from DCAst or Demand response requests from IVVWOst). It is able to simulate the response to these signals by the DR, DER, PEV and ES and submit the results to DOMA and IVVWOst. The LMS may include the load-modeling processor. 

	DMS: Under-Frequency Load Shedding Analyzer (UFLSA)
	UFLSA is able to simulate the behavior of the UFLS and DER under-frequency protection schemes under low frequency conditions due to bulk power emergencies.  It is also coordinated with the analyses of the behavior of DR and other load shedding/management means under the same conditions. It determines and takes into account the overlapping of loads under different load shedding/management actions. The results of the analyses are submitted to the DCAst and other relevant applications. The parameters of the UFLS within the Micro-grids are known. UFLS can be coordinated with UVLS, SLS, DR, DER and IVVWO operations based on the Coordination of Emergency Actions application.

	DMS: Under-Voltage Load Shedding  Analyzer (UVLSA)
	UVLSA is able to simulate the behavior of the UVLS and DER under-voltage protection schemes under low voltage conditions due to bulk power emergencies.  It is also coordinated with the analyses of the behavior of DR and other load shedding/management means under the same conditions. It determines and takes into account the overlapping of loads under different load shedding/management actions. The results of the analyses are submitted to the DCAst and other relevant applications. The parameters of the UVLS within the Micro-grids are known. UVLS can be coordinated with UFLS, SLS, DR, DER and IVVWO operations based on the Coordination of Emergency Actions application

	DMS: Special Load Shedding Analyzer (SLSA)
	SLSA is able to simulate the behavior of the SLS under the defined special conditions (e.g., opening of a particular switching device(s) in the transmission system). It is also coordinated with the analyses of the behavior of DER, DR and other load shedding/management means under the same conditions. It determines and takes into account the overlapping of loads under different load shedding/management actions. The results of the analyses are submitted to the DCAst and other relevant applications. SLS can be coordinated with UFLS, UVLS, DR, DER and IVVWO operations based on the Coordination of Emergency Actions application.

	Communication means
	Interoperable communication means between the major actors  exists 
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