Description of the interfaces for the high-level use case for TBLM
The description of the interfaces of the TBLM use case (Table 1) is consistent with the use case activity diagram (Figure 1).
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[bookmark: _Ref309112547]Figure 1. Activity diagram for the high-level TBLM use case
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[bookmark: _Ref309112777]Table 1. Description of Interfaces
	#
	# in the SD
	Source
	Recipient
	Contents of information
	Volume
	Timing
	Accuracy

	1
	
	External
Systems

	DMS Scheduler
	Environmental data by locations; Other information impacting the behavior of the customer loads
	Medium to Large
	Periodically and by significant changes.
	

	2
	
	DSCADA
	DMS Scheduler
	Near real-time analog and status information from the observable portions of the distribution power system
	Medium to Large
	Minimum exchange times
	According to efficient utilization

	2
	
	DMS Scheduler
	DSCADA
	Control commands from ADA applications executable by DSCADA
	Small to Medium
	Minimum exchange times
	

	3
	
	Smart Meter/AMI
	AMI Data Management System (including Last Gasp service)
	kW and kvar 
kWh
Load profiles
Interval average voltages
Weather data
Demand response triggers received with timestamps;
Commands issued for Demand Response (thermostat, appliances, DER, Storage). 
	Large
	Once a day 
	Revenue accuracy for kW and kvar; 0.5%-0.2% accuracy for Voltages

	3
	
	Smart Meter/AMI
	AMI Data Management System
	Instantaneous voltages
Instantaneous frequency from dedicated meters in autonomous mode of Micro-grid
Last Gasp/AC Out 


	Small to average
	Last gasp  -immediately from selected first-reporters;
Instantaneous voltages within minutes after fault;
Instantaneous frequency from dedicated meters – report by exception

	0.5%-0.2% for Volt;
0.1% for Hz

	3
	
	AMI Data Management System
	Smart Meter/AMI
	Real-time prices
Demand response triggers and amount
Data requests  

	Small to average
	Immediately after change
	

	4
	
	Customer EMS
	AMI Data Management System 
	Aggregated from Smart Meters:
kW and kvar
kWh
Load profiles
Interval average voltages
Weather data.
Demand response triggers received with timestamps;
Commands issued for Demand Response (customers’ Smart Meters, thermostat, appliances, DER, Storage).

	Small to average
	Once a day
	Revenue accuracy for kW and kvar; 0.5%-0.2% accuracy for Voltages

	4
	
	Customer EMS
	AMI Data Management System (including Last Gasp service)
	Lowest instantaneous voltages from included Smart Meters
Instantaneous frequency 
Last Gasp/AC Out  from selected Smart Meters

	Small to average
	Last gasp  -immediately from selected first-reporters;
Instantaneous voltages within minutes after fault;
Instantaneous frequency – report by exception

	0.5%-0.2% for Volt;
0.1% for Hz

	4
	
	AMI Data Management System (including Last Gasp service)
	Customer EMS
	Real-time prices
Demand response triggers and amount (Demand response can be executed via load reduction, or DER/ES generation increase, or both)
Data requests  

	Small to average
	Immediately after change
	

	5
	
	DER &Controller
	DER Data Management System
	Generation kW and kvar
Generation kWh
Generation profiles
Interval average voltages 
Weather data.
Generation change triggers received with timestamps;
Active protection settings and mode of operations and settings for volt/var control in the connected mode of operations and voltage and frequency control settings for island mode of operations, settings for ride-through operations
Capability curve
Electric storage parameters
Synchronization settings
O&M cost functions
	Small to average
	Once a day 
	Revenue accuracy for kW and kvar; 0.5%-0.2% accuracy for Voltages

	5
	
	DER &Controller
	DER Data Management System
	Lowest instantaneous voltages before disconnection
Instantaneous frequency in island mode
Last Gasp/AC Out  or protection actions
Changes in relay protection settings, volt/var control modes and settings, ride-trough settings, electric storage parameters


	Small 
	Immediately after change
	0.5%-0.2% for Volt; 0.1% for Hz

	5
	
	DER Data Management System
	DER &Controller
	Real-time prices
Desired kW and kvar setpoints (reference points)
Desired volt/var mode of operation and  setpoints
Desired ride-through settings
Data requests 
Synchronization commands

	Small 
	Immediately after change
	

	6
	
	Micro-grid interconnection controller in PCC
	DER Data Management System
	Aggregated for Micro-grid 
net load and generation of  kW and kvar
Net, load and generation kWh
Net, load and generation load profiles
Interval average voltages from selected Smart Meters
Weather data.
Demand response triggers received with timestamps;
Commands issued for Demand Response (customers’ Smart Meters, thermostat, appliances, DER, Storage)
Protection settings and settings for frequency and voltage control for connected and for autonomous modes of operations,
Operational limits
O&M cost functions
Other data needed for current and predictive model of Micro-grid operations, e.g., electric storage parameters, load-shedding RAS parameters.
	Small to average
	Once a day
	Revenue accuracy for kW and kvar; 0.5%-0.2% accuracy for Voltages

	6
	
	Micro-grid interconnection controller in PCC
	DER Data Management System
	Lowest instantaneous voltages from included Smart Meters
Instantaneous frequency 
Last Gasp/AC Out  from selected Smart Meters
Changes in relay protection and RAS settings, volt/var control modes and settings, ride-trough settings, and electric storage parameters.


	Small to average
	Last gasp  -immediately from selected first-reporters;
Instantaneous voltages within minutes after fault;
Instantaneous frequency – report by exception in autonomous mode of operations. 
Changes - immediately

	0.5%-0.2% for Volt;
0.1% for Hz

	6
	
	DER Data Management System
	Micro-grid interconnection controller in PCC
	Real-time prices
Demand response triggers and amount
Disconnection command for intentional islanding
Desired kW and kvar setpoints
Desired voltage setpoints
Data requests 

	Small to average
	Immediately after change
	

	7
	
	Field Crew
	GIS
	States and parameters of the corresponding equipment observed in the field according to pre-defined instructions (template)
	Small
	During the presence at the subject in the field
	Verified information

	8
	
	AMI Data Management System
	DER Management System
	Provides the DER Management System with relevant data on customer owned/embedded DER
	Average to large
	Once a day and by defined events
	

	9
	
	GIS
	Topology processor
	Provides with updated 
and  validated nominal 
connectivity and
 facility parameters
	Small to average, if incrementally; Large, if globally
	One a day, and by significant events
	Verified data

	10
	
	DMS Scheduler
	Topology processor
	Provides with real-time changes in topology
	Small
	Immediately after change
	Verified data

	11
	
	Verified data
	State estimator
	DSCADA/SCADA/EMS analog and status snapshots; 
	Medium to Large
	1-2 seconds updates
	Verified data

	12
	
	DMS Scheduler
	Load model  processor
	Provides with real-time  changes in analogs  and 
external data related to adaptive load modeling, e.g., weather and prices

	Small to Medium 
	Periodically every 5-15 minutes and by defined events 
	

	13
	
	AMI Data Management System
	Load model Processor
	kW and kvar profiles for every day
Impacting factors with time stamps
Local weather data
Demand response with start and stop times
Other related events with timestamps
	Large
	Once a day
	Verified historic data

	14
	
	DMS Scheduler
	DER model processor
	Provides analogs and external data relevant to DER operation modeling, e.g., weather parameters, prices, DR requests, etc. 
	Average
	Periodically and by events
	Verified data

	15
	
	AMI Data Management System
	Secondary Equivalent processor
	Daily kW and kvar load profiles from individual Smart meters and aggregated at the distribution transformer load profiles
Daily profiles  of interval-average voltages
	Large
	Once a day
	

	16
	
	DER Management System
	DER model processor
	Provides with updates on DER parameters relevant for DER modeling
	Small to average
	One a day and by events
	Verified data

	17
	
	Topology processor 
	State estimator
	Provides with topology updates
	Small
	By event
	Verified data

	18
	
	Topology processor
	Developer of TBLM
	Provides with topology updates
	Small
	By event
	Verified data

	19
	
	Load model Processor
	State estimator
	List of nodes in clusters
Name of clusters
Representative nodal load models for clusters of similar loads 
	Average
	Once a day
	

	20
	
	State estimator
	Secondary Equivalent processor
	Modeled voltages at the secondary buses of distribution transformers
	Large
	On request by  Secondary Equivalent processor (once a month or less frequent)
	

	20
	
	Secondary Equivalent processor
	State estimator
	Provides with dependencies of voltage drops and losses  in secondaries on nodal loads 
	Large
	After significant change (once a month or less frequent)
	

	21
	
	Load model Processor
	Developer of TBLM
	Provides with adaptive load models for development of  “what-if” load models or dependencies of load on external factors, including load dependencies on voltage, frequency, price, weather, etc., and the load association with load management means, such as DR, Load shedding schemes, blackout conditions, etc.
	Average
	By significant changes
	

	22
	
	Secondary Equivalent processor
	Developer of TBLM
	Provides with dependencies of voltage drops and losses  in secondaries on nodal loads 
	Large
	After significant change (once a month or less frequent)
	

	23
	
	DER model processor
	State Estimator
	Provides with updates
of DER models
	Average
	After significant change (once a month or less frequent)
	

	24
	
	DER model processor
	Developer of TBLM
	Provides with updates
of DER models
	Average
	After significant change (once a month or less frequent)
	

	32
	
	DMS applications 
	DMS execution means
	Provides 
execution via 
DMS means
	Small
	After DMs applications run and determine a need in control
	Verified information

	29
	
	Transmission Bus 
Load Model
	Advanced DMS applications
	Transmits the EMS requests

	Small
	After EMS application run and determine a need in support from DMS
	Verified information

	31
	
	Distribution Operator

	Advanced DMS applications
	Transmits Operator’s requests, changes to EMS requests, etc.

	Mall
	As needed for  a portion of EMS requests, 
	Verified information

	26
	
	Near real time State Estimation based on unbalanced power flow

	Integrated Volt/var Optimization in study mode

	Provides with the current reference operation model components
	Large
	Every run of State Estimation and IVVO, e.g., every 5-10 min and by events 
	Verified information

	25
	
	Near real time State Estimation based on unbalanced power flow
	Developer of the TBLM

	Provides with the current reference operation Model 

	Large
	Every run of State Estimation,  e.g., every 5-10 min and by events 
	Verified information

	27
	
	Integrated Volt/var Optimization in study mode

	Developer of the TBLM
	Provides with the results of IVVO studies based in required changes of operating conditions and their ranges. 
	Large 
	Every update of the  State Estimation,  e.g., every 5-10 min and by events, for multiple scenarios
	Verified information

	27
	
	Developer of the TBLM
	Integrated Volt/var Optimization in study mode
	Requests a series of runs for different operating conditions, e.g.,  within and beyond the LTC capabilities to adjust distribution bus voltage according to current setting; for load reduction objective, etc.
	Small
	When there is a change in the requirements
	

	28
	
	Developer of the TBLM

	Transmission Bus Load Model

	Runs multiple "what-if" power flows and IVVO 
deviating from the reference model within given ranges and  
develops current aggregated load model  with the dependences on bus voltage, 
system frequency, pricing, etc.; aggregated generation capability curves adjusted to the subject operating conditions; develops interrelationships between loads of different RAS; develops dynamic operational limits at the TnD buses,...
	Large
	Every update of the  State Estimation,  e.g., every 5-10 min and by events, for multiple scenarios
	Verified information

	30
	
	Transmission Bus Load Model

	Distribution Operator
	Informs the operator about the changes in TBLM
	Small
	As needed based on pre-defined criteria
	

	30
	
	Distribution Operator
	Transmission Bus Load Model
`
	Authorizes and/or changes the components in the TBLM
	Small
	
	

	33
	
	Transmission Bus Load Model

	EMS Steady-state and dynamic Contingency Analyses

	Provides aggregated control variables and constraints for EMS applications

	Small
	After every update of TBLM
	Verified information

	33
	
	EMS Steady-state and dynamic Contingency Analyses

	Transmission Bus Load Model

	Submits control commands/ requests for preventive and corrective (pre-arming) measures

	Small
	When preventive and corrective measures in distribution are needed
	Verified information

	34
	
	Transmission Bus Load Model

	Optimal Power flow/
Security Constraint 
Dispatch
	Provides aggregated control variables and constraints for EMS applications

	Small
	After every update of TBLM
	Verified information

	34
	
	Optimal Power flow/
Security Constraint 
Dispatch
	Transmission Bus Load Model

	Submits requests for Volt/var support; congestion management; load reduction 

	Small
	When Volt/var support; congestion management in distribution are needed
	Verified information

	35
	
	Transmission Bus Load Model

	Economic Dispatch/ Unit commitment (or equivalent)

	Provides aggregated control variables and constraints for EMS applications
	Small
	After every update of TBLM
	Verified information

	35
	
	Economic Dispatch/ Unit commitment (or equivalent)

	Transmission Bus Load Model

	Submits requests for Demand Response; DER start; ES discharge,...

	Small
	When Demand Response; DER start; ES discharge in distribution are needed
	Verified information

	36
	
	Transmission Bus Load Model
	Transmission Operator

	Informs about aggregated control variables and constraints for EMS applications
	Small
	After every update of TBLM
	Verified information

	36

	
	Transmission Operator

	Transmission Bus Load Model
	Changes conditions or submits its own requests for DMS support

	Small
	In special cases. Typically, the operator is not in the loop of automated control
	

	37
	
	EMS Steady-state and dynamic Contingency Analyses
	Transmission Operator

	Informs about submitted  control  commands/requests for preventive and corrective (pre-arming) measures
	Small
	When preventive and corrective measures in distribution are needed
	Verified information

	37
	
	Transmission Operator

	EMS Steady-state and dynamic Contingency Analyses
	Authorizes or changes the submitted  control  commands/requests for preventive and corrective (pre-arming) measures
	Small
	Authorization of EMS requests by the operators can be based on predefined criteria outside of the control loop. In rare cases, the operator may intervene with changes
	Verified information

	38
	
	Optimal Power flow/ Security Constraint Dispatch

	Transmission Operator

	Informs about the submitted  requests for Volt/var support; congestion management; load reduction 
	Small
	When Volt/var support; congestion management in distribution are needed
	Verified information

	38
	
	Transmission Operator

	Optimal Power flow/ Security Constraint Dispatch
	Authorizes or changes  the submitted  requests for Volt/var support; congestion management; load reduction
	Small
	Authorization of EMS requests by the operators can be based on predefined criteria outside of the control loop. In rare cases, the operator may intervene with changes
	Verified information

	39
	
	Economic Dispatch/ Unit commitment (or equivalent)

	Transmission Operator

	Informs about the submitted  requests for Demand Response; DER start; ES discharge,...

	Small
	When Demand Response; DER start; ES discharge in distribution are needed
	Verified information

	39
	
	Transmission Operator

	Economic Dispatch/ Unit commitment (or equivalent)

	Authorizes or changes  the submitted the submitted  requests for Demand Response; DER start; ES discharge,...
	Small
	Authorization of EMS requests by the operators can be based on predefined criteria outside of the control loop. In rare cases, the operator may intervene with changes
	Verified information
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