


 Proposed Battery Energy/Electric Storage Resource (BESR) Model 
Introduction
With increased battery penetration, ERCOT’s objective is to change software systems to take into account the unique characteristics of storage resources.
High Level Schematic diagram of a Battery System
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Losses in a Battery System













Charging Efficiency Curve
The charging efficiency curve is represented as a function of the charging power (MW).


Discharging Efficiency Curve
The discharging efficiency curve is represented as a function of the discharging power (MW).


The State of Charge (SOC) inside battery in MWh for a constant charging power () 



The State of Charge (SOC) inside battery in MWh for a constant discharging power () 





Example of Charge Efficiency Curve for a Li-Ion Battery

Ceff



Example of Discharge Efficiency Curve for a Li-Ion Battery

Deff


ERCOT Use of New Telemetry – Example calculations
Assumption
The charging and discharging efficiencies are fairly constant across operating range.
Using the assumption stated above, Let the single number Ceff and Deff represent the single charging and single discharging efficiencies respectively across the whole operating range.
The round trip efficiency (RTE) is defined as 
Round Trip Efficiency (RTE)
The source of Round Trip Efficiency (RTE) will not be telemetry. For the first phase, RTE will be obtained from Resource Entity via a RFI initially and will be user enterable into the system for modifications. The default value will be 0.8

 


 


The State of Charge (SOC) at PCC or POI in MWh for a constant charging power () 


The State of Charge (SOC) at PCC or POI in MWh for a constant discharging power () 


The constant discharge power that can be sustained from time t1 to t2 
	

The constant charge power that can be sustained from time t1 to t2 
	



	New Telemetry (ICCP) Points for Electric Storage Resources
	Name
	Unit
	Telemetry
	Description

	Maximum Operating State of Charge [SOC_OperMax]
	MWh
	X
	For the current operating condition of the Storage Resource, represents the maximum amount of stored energy capability in MWh that should not be exceeded. This energy value is calculated at the Point Of Interconnection (POI) or Service Delivery Point (SDP). (FERC 841 Item: “Maximum State of Charge”).

For example, if the Storage Resource currently has the capability of storing a maximum of 10 MWh and the discharge efficiency is 0.94, then this telemetered value (SOC_OperMax) = 0.94*10=9.4 MWh

Note: The Resource Entity can provide this telemetry using other techniques/calculations as long as the telemetered value represents the “not to exceed” maximum stored energy capability as measured at the POI/SDP.

	Minimum Operating State of Charge [SOC_OperMin]
	MWh
	X
	For the current operating condition of the Storage Resource, represents the required minimum amount of stored energy in MWh that should not be discharged below. This energy value is calculated at the POI/SDP. (FERC 841 Item: “Minimum State of Charge”)

For example, if the Storage Resource is required to store a minimum of 2 MWh and the discharge efficiency is 0.94, then this telemetered value (SOC_OperMin) = 0.94*2=1.88 MWh

Note: The Resource Entity can derive this telemetry using other techniques/calculations as long as the telemetered value represents the “not to go below” required minimum stored energy as measured at the POI/SDP.

	State of Charge
[SOC_Telem]
	MWh
	X
	For the current operating condition of the Storage Resource, represents the amount of energy in MWh that is being stored. This energy value is calculated at the POI/SDP. (FERC 841 Item: “State of Charge”)

For example, if the Storage Resource is currently storing 6 MWh and the discharge efficiency is 0.94, then this telemetered value (SOC_Telem) = 0.94*6=5.64 MWh

Note: The Resource Entity can derive this telemetry using other techniques/calculations as long as the telemetered value represents the current stored energy as measured at the POI/SDP.

	Maximum Operating  Discharge Power Limit
[MaxOperDischargeMW]
	MW
	X
	For the current operating condition of the Storage Resource, represents the maximum discharge power (MW) capability measured at the POI/SDP. (FERC 841 Item: “Maximum Discharge Limit”) 

	Maximum Operating Charge Power Limit

[MaxOperChargeMW]
	MW
	X
	For the current operating condition of the Storage Resource, represents the maximum charge power (MW) capability measured at the POI/SDP. (FERC 841 Item: “Maximum Charge Limit”) 





BESR modeling/calculations

Assumptions
This document describes the modeling/calculations in ERCOT Market Management System (MMS) for a Storage Resource with the following characteristics:
a) Physically a single device with one electrical pathway to the modeled electrical network (NMMS CIM model)
a. The charging and discharging electrical path is the same
b) Limited duration device (<= 24 hours). This implies that the MWh energy storage capacity of the Storage Resource cannot discharge at a MW level equal to its rating continuously for 24 hours.
c) Does not have temporal constraints (StartTime, MinUpTime, MinDownTime, etc.) and does not have transition times between charging and discharging
d) Does not have startup, shutdown and transition costs
e) Can smoothly transition from charging to discharging and vice-versa and there is no dead band around 0 MW
f) Charging efficiency () and Discharging efficiency () are constant over the operating range of the Storage Resource, i.e. Round Trip Efficiency  where 
g) Self discharge of Storage Resource is zero. Self discharge is the loss of energy when the Storage Resource is idle (not doing anything).
h) All data inputs are measured at the Point of Interconnection (POI) or Point of Common Coupling (PCC)
i) Single price curve from charging (Bid-To-Buy) to discharging (Offer-To-Sell) that is monotonically non-decreasing as the MW quantity increases . i.e. The single submitted price curve covers both the charging and discharging MW range and provides the Bid-to-Buy price for charging and the Offer-To-Sell price for discharging for the Storage resource
j) The Storage Resource Status will be ON, ONXX, OFF, or OUT. This statement reflects current thoughts that new statuses are NOT required
k) ERCOT considers the State of Charge operational limits but does not manage a Storage Resources State of Charge
With the above Storage Resource characteristics, the MMS modeling/calculations for Storage Resources becomes a dispatch problem for Real-Time (SCED), DAM and RUC processes.
Storage Resource will be settled at its Nodal LMP/SPP for both charging and discharging.
Out of scope for this document
Storage Resource technologies that do not conform to the characteristics described above, likely to be pumped hydro and CAES as they could have separate electrical pathways for charging and discharging and also have temporal constraints and deadbands over the MW operating range (especially around 0 MW).
Assumptions of other systems
NMMS 
Replace the current model of a Controllable Load Resource and a Generation Resource including pseudo breakers (if any) with a single device. 
EMS-Network Applications 
Modeled as a device that can inject to or withdraw energy from the grid (mutually exclusive). Behaves like a generator with a negative Pmin. State Estimator and Power Flow need to allow negative injections for Storage Resource locations.
Reserve Accounting for Storage Resource
Currently, for a Resource, reserves are considered in terms of MW. Inherently, this assumes that the Resource is capable of providing the reserve MW response for as long as required.
For a Storage Resource that has a limited duration, the reserve accounting (headroom for ORDC, frequency responsive capacity for PRC, Ancillary Service) should be based on the energy (MWh) taking into account State of Charge.
Physical Responsive Capability (PRC) contribution from Storage Resource: Convert the energy capability based on available State of Charge and the minimum operating State of Charge to an equivalent MW value for a specified time duration. This will require a determination of a time duration that the frequency response is required to be accounted for in PRC calculation (15 seconds, 5 minutes, 15 minutes, 1 hour?). For example, if the determination is that the frequency response from a Resource to be counted in PRC contribution is for a 15 minute duration, then equivalent MW PRC contribution from a Storage Resource will be:

Operational Reserve Demand Curve (ORDC): There are two reserve levels calculated in ORDC, RTOLCAP (MW reserves that can respond to events within the next 1 hour) and RTOLCAP+RTOFFCAP where RTOFFCAP is the MW reserves that can respond to events occurring in the second half of the upcoming hour. The equivalent MW level determined for RTOLCAP from a storage resource, will depend on the time duration agreed upon for ORDC purpose (same as PRC?). If the time duration to determine the equivalent MW level is 1 hour, then will be:



Ancillary Service: Depending on the type of Ancillary Service, different time duration will be used to determine whether a Storage Resource is capable of providing its MW responsibility. 
This accounting will be used in Ancillary Service Responsibility Check and other processes
As an example:
Upward AS: (Regulation Up, FRRS-Up, RRS, Non-Spin, FFR*, ECRS*) (* NPRR 863) 
Storage Resource is carrying upward , then to determine whether it is capable of providing this AS, apart from the standard checks used for other Resources, there is an additional check for energy:

Where,
  is a linear function in ,   depends on type of AS
A very conservative approach is to treat the AS responsibility the same as energy i.e.,


Downward AS: (Regulation Down, FRRS-Dn) 
Storage Resource is carrying downward , then to determine whether it is capable of providing this AS, apart from the standard used for other Resources, there is an additional check for energy:

Where,
  is a linear function in ,   depends on type of AS
A very conservative approach is to treat the AS responsibility the same as energy i.e.,




FERC Order 841: Storage Resource Parameters
	Physical or Operational Characteristic 
	Definition 
	ERCOT ICCP Request?

	State of Charge
 
	State of Charge represents the amount of energy stored in proportion to the limit on the amount of energy that can be stored, typically expressed as a percentage. It represents the forecasted starting State of Charge for the market interval being offered into. 
	Yes
[SOC_Telem], may require equivalent in COP [SOC_Target] ?
unit of measure = MWh

	Maximum State of Charge
 
	Maximum State of Charge represents a State of Charge value that should not be exceeded (i.e., gone above) when a resource using the participation model for electric storage resources is receiving electric energy from the grid (e.g., 95% State of Charge). 
	Yes
[SOC_OperMax]
unit of measure = MWh

	Minimum State of Charge
 
	Minimum State of Charge represents a State of Charge value that should not be exceeded (i.e., gone below) when a resource using the participation model for electric storage resources is injecting electric energy to the grid (e.g., 5% State of Charge). 
	Yes
[SOC_OperMin]
unit of measure = MWh

	Maximum Charge Limit 
	Maximum Charge Limit represents the maximum MW quantity of electric energy that a resource using the participation model for electric storage resources can receive from the grid. 
	Yes
[MaxOperChargeMW] or LSL
unit of measure = MW

	Maximum Discharge Limit 
	Maximum Discharge Limit represents the maximum MW quantity that a resource using the participation model for electric storage resources can inject to the grid. 
	Yes
[MaxOperDischargeMW] or HSL
unit of measure = MW

	Minimum Charge Time 
	Minimum Charge Time represents the shortest duration that a resource using the participation model for electric storage resources is able to be dispatched by the RTO/ISO to receive electric energy from the grid (e.g., one hour). 
	

	Maximum Charge Time 
	Maximum Charge Time represents the maximum duration that a resource using the participation model for electric storage resources is able to be dispatched by the RTO/ISO to receive 
electric energy from the grid (e.g., four hours). 

	

	Minimum Run Time 
	Minimum Run Time represents the minimum amount of time that a resource using the participation model for electric storage resources is able to inject electric energy to the grid (e.g., one hour). 
	

	Maximum Run Time 
	Maximum Run Time represents the maximum amount of time that a resource using the participation model for electric storage resources is able to inject electric energy to the grid (e.g., four hours). 
	

	Minimum Discharge Limit 
	The minimum MW output level that a resource using the participation model for electric storage resources can inject onto the grid. 
	

	Minimum Charge Limit 
	The minimum MW level that a resource using the participation model for electric storage resources can receive from the grid. 
	

	Discharge Ramp Rate 
	The speed at which a resource using the participation model for electric storage resources can move from zero output to its Maximum Discharge Limit. 
	

	Charge Ramp Rate 
	The speed at which a resource using the participation model for electric storage resources can move from zero output to its Maximum Charge Limit. 
	



DAM and RTM: Security Constrained Economic Dispatch Formulation with Storage Resource

This formulation can be used for single interval or multi-interval, with and without AS co-optimization. It requires the cost curve setup as described below.
COP data from Storage Resource used in DAM:
SOCsOperMaxCOP : The maximum amount of stored energy capability in MWh that should not be exceeded. This energy value is calculated as the energy that can be discharged at the Point Of Interconnection (POI) or Service Delivery Point (SDP). (FERC 841 Item: “Maximum State of Charge”).
SOCsTargetCOP : The amount of stored energy in MWh that can be discharged as measured at the POI/SDP. (FERC 841 Item: “State of Charge”)
SOCsOperMinCOP : The minimum amount of stored energy capability in MWh that should not be discharged below. This energy value is calculated as the energy that can be discharged at the POI/SDP. (FERC 841 Item: “Minimum State of Charge”)
HSLs : (HSL – positive number) The maximum discharge power (MW) capability measured at the POI/SDP. (FERC 841 Item: “Maximum Discharge Limit”). This is primarily based on the invertor capability.
LSLs: (LSL – negative number) The maximum charge power (MW) capability measured at the POI/SDP. (FERC 841 Item: “Maximum Discharge Limit”). This is primarily based on the invertor capability



Storage Resource Cost Curve:
The requirement is that:
a) Cost curve be monotonically increasing from maximum charging MW to maximum discharging MW.
b) The maximum price on the charging curve is less than the minimum price on the discharging curve i.e. 




MW Discharging 
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(-ve)
HSL
LSL or LPC
$/MWh























Outputs:
PsBP : SCED Base Point or DAM energy award to Storage Resource, negative when charging and positive when discharging
PsASu : AS award for upward AS, positive
PsASd : AS award for downward AS, positive

[bookmark: _GoBack]SCED/DAM formulation
a) For simplicity, only one Storage Resource in system
b) For simplicity, demand bids are ignored (i.e demand is inflexible)
c) Penalty/Slack variables not included in formulation
d) Co-Optimized with two generic types of AS (up and down)
e) Multi-interval optimization
f) Define variable , where , and  
Note that the constraint (non convex)  is not modeled (enforced). The rules on the Storage Resource cost curve ensures the condition, where both ,  is simultaneously not possible.
The complimentary condition is enforced by the cost curve separation between charging and discharging.
Objective: 
Subject to:
System Wide Power Balance ():

AS Requirements ():



Transmission Constraint ():

Generator MW Dispatch Limits () : 



Note that, in DAM, LSL and HSL are modified from COP based on the min/max points on the Offer curve submitted in DAM
Storage Resource MW Dispatch Limits () : 



Note that, in DAM, LSL and HSL are modified from COP based on the min/max points on the cost curve submitted in DAM
Storage Resource SOC Limits (s):


Note that for the first hour, the initial State of Charge , more discussion needed on the how, what the where for the initial condition of State of Charge is
Storage Resource AS award limits as a function of SOC Limits (s):
 and 
 

Where,
  is a linear function in ,   depends on type of AS, and
 is a linear function in ,  depends on type of AS
A very conservative approach to account AS awards in the energy picture is to treat them the same as energy i.e.,	Comment by smoorty: Needs more discussion. Should the time duration here be the same as what is used in Real-Time SCED where HDL and LDL is discounted and also be the same as what is used in AS Responsibility check? i.e. depends on type of AS (e.g. FFR duration is 15 minutes)

Or should, in addition to the type of AS, the interval duration of the optimization (1 hour for DAM, 5 minutes for SCED) be factored in?
 and,
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