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Inadvertent Interchange

This paper addresses Inadvertent Interchange as it relates to reliability of the Bulk Electric System.  As a result of tie-line operations, interconnected operation of a multi-control area synchronous network results in the creation of Inadvertent Interchange.  Thus, actions required for reliable system operation must address the process associated with the measurement and management of inadvertent Interchange.  Inadvertent provides the validation of data utilized in calculating system performance measures CPS1 and CPS2.  It is one of the tools available for measuring frequency control.  Inadvertent Interchange is the result of a combination of good and poor control practices, accounting errors, and accounting anomalies.  Short-term creation of Inadvertent Interchange does not promote reliability or cause unreliability and is a necessary part of interconnected operation in a synchronous multi-Control Area (or Balancing Authority) network to maintain scheduled frequency.   While effective frequency control is absolutely essential to reliability, it is not easily distinguished from the other control actions which contribute to Inadvertent.  Some amount of Inadvertent is reasonable and expected.  A Control Area’s Inadvertent accumulation, will increase, decrease and fluctuate over time.  The goal fo this paper is to encourage development of a standard which will minimize large control area Inadvertent accumulations both positive and negative.  
Inadvertent – Defined

Inadvertent Interchange is simply the difference between a Control Area’s Actual Net Interchange and Scheduled Net Interchange over a given period, usually an hour.  Mathematically, it is the time integral of the deviation of a Control Area's Actual Net Interchange from its block Scheduled Net Interchange.  By definition, the summation of all Control Areas’ Inadvertent for an Interconnection is zero.  This is so because every metered intertie value seen by a Control Area has an equal and opposite value seen by its Adjacent Control Area.  Similarly, every Interchange Schedule has sink and source Control Areas sharing equal but opposite values.  Therefore, if every Actual Interchange value has an equal and opposite component, the summation of all Actual Interchange for an Interconnection must sum to zero.  And since the same is true for Scheduled Interchange, i.e., the sum of all Scheduled Interchange equals zero, then the Inadvertent Interchange for the Interconnection must also sum to zero.  While the goal is for a Control Area’s hourly Inadvertent Interchange to average zero, it is unrealistic to expect it to be zero at all points in time.  In view of this reality, present day Control Areas are required to continually reduce their Inadvertent Interchange accumulations.  

Inadvertent – Causes 

Five major causes of Inadvertent Interchange are:  1) Meter Error, 2) Scheduling Error, 3) Ramping Representation Error, 4) Unintentional Control Error (from both human action and AGC error) and, 5) Intentional Control Adjustment (frequency support, smoothing algorithms, and ACE filter gain factors).  

Accounting Errors

Simple accounting errors (value or sign) made while recording Actual Net Interchange or Scheduled Net Interchange can become operating problems, dependent upon the magnitude of the error, as soon as they become a part of hourly accounting.  These accounting errors often occur when system operators bilaterally or unilaterally pay back Inadvertent or offset a schedule setter to correct a perceived metering error.  When viewed from a total interconnected network (Interconnection) perspective, Inadvertent no longer sums to zero due to these accounting errors.  Subsequent unilateral pay backs to correct for the “perceived” inadvertent may cause an additional accumulation of Inadvertent on the Interconnection.  Ultimately this shows up in the form of a continuously recurring time error.  Other sources of error with Net Interchange or Scheduled Net Interchange are identified in the following paragraphs.  

Metering Error  

It is intended that every intertie shared by adjacent Control Areas reflect the same coincident values at all times.  Adjacent Control Areas sharing a common tie are expected to use common metering with a synchronized freeze at hour-end.  This should assure that both Control Areas capture the same value from the meter’s register or accumulators.  Often, errors occur with a loss of telemetry by one or both BAs or in the difference between an integrated analog value being used by one party and a MWh meter value being used by the other party.  Another difference may be created when two Adjacent Control Areas use different scaling factors.  
Scheduling Error  

It is intended that every scheduled delivery of Interchange from one Control Area is coincidentally received by another Control Area.  Often errors occur by improper entry of data (time, amount, direction, duration, etc.) or improper update in real-time (TLR miscommunication etc.).  While these errors are understandable, it is not acceptable for two Control Areas to knowingly operate to dissimilar schedules (“to agree to disagree”).  

Ramping Representation Error - Accounting Anomaly

The practice of using block (contract) Net Interchange Schedules instead of integrated Net Interchange Schedules (the ramping effect) and subtracting the block values from integrated Net Actual Interchange creates a “built-in” false error.  Longer duration ramps have the potential to produce larger errors.  This is a false error because it gives the perception that an error occurred when, in fact, the Control Area may have had perfect control.  

Intentional Control Error – Frequency Support [expected]
Frequency continually changes as system load or generation changes.  Control Areas have a responsibility to support frequency by acting in opposition to these changes.  Such that, when the measured frequency is less than the scheduled frequency (due to load increases or generation reductions) Control Areas throughout an Interconnection must dispatch additional generating resources to arrest the frequency decline and support frequency until it is restored to its scheduled value.  During this period each Control Area generates more energy than its Area Load and Net Scheduled Interchange, thus creating Inadvertent Interchange.  The same is true during periods of high frequency except the effect is reversed.  

Unintentional Control Error [unexpected]
If a Control Area has insufficient regulating resources committed to follow its load volatility and unpredictability, or for supporting frequency, Inadvertent Interchange may result.  Also, a poor control algorithm, generation outages, or generation deviation from scheduled output could cause Inadvertent Interchange to accumulate.  

An incorrectly calibrated frequency meter will continuously send a false indication to a Control Area’s AGC causing it to operate uncoordinated with other Control Areas in the Interconnection.  This will result in a large Inadvertent accumulation for the Control Area with the erroneous frequency input and unwanted accumulations by other Control Areas in the Interconnection.  

Inadvertent Interchange Balance versus Current NERC Operating Policy
Inadvertent energy is a component of Area Interchange Error (“AIE”).  AIE’s instantaneously measured equivalent is ACE, which is included in Control Performance Standard-1 (“CPS1”).  Inadvertent is zero for an hour when the Net Actual Interchange is equal to the Net Scheduled Interchange for that hour.  The long-term goal of each Control Area is to appropriately manage its Inadvertent accumulations.  This goal requires that they incorporate settlement policies within their Interconnection in a timely manner.

Existing NERC Policy 1F supports the short-term and long-term goals by stating:  “Each Control Area [Balancing Authority] shall be active in preventing unintentional Inadvertent Interchange accumulations.  Each Control Area shall also be diligent in reducing accumulated inadvertent balances in accordance with Operating Policies.”  This Policy sets no limits on the amount of Inadvertent that can be accumulated or when it must be paid back.  

Need for a Standard

It is recognized that tie line bias operation results in the creation of Inadvertent Interchange.  Thus the need for action required for reliable system operation is reflected in the Inadvertent accumulations and the rate at which they change.  

A NERC Reliability Standard is needed to: 1) Provide a diagnostic tool to validate system performance, 2) establish a tracking mechanism for Inadvertent Interchange accumulations, and 3) encourage settlements within a reasonable time period.  These reasons are explained in the following paragraphs.  

Quality Control

Inadvertent data provides the ability to measure the efficiency and effectiveness of meters, scheduling systems, and energy management systems.  As such, it provides a check and balance for the measurement systems.  
Data Accuracy 

Inadvertent data provides assurance that all control areas within an Interconnection have accurate data for timely management of the magnitude of Inadvertent accumulations and the process for reducing accumulated Inadvertent balances.  

Diagnostic Tool to Validate Control Performance
Inadvertent Interchange is a source of independent data for diagnostic purposes as recommended by the U.S.-Canada Power System Outage Task Force.  NERC Reliability Standards CPS1 and CPS2 are used to evaluate Control Area control performance.  However, real-time system inputs (Net Metered Interchange, Net Scheduled Interchange, and Interconnection frequency) may be in error and, consequently, the measured performance is in error.  If, over the course of several hours, the combination of hourly Inadvertent and frequency deviation is not consistent with Area Control Error, an operator should examine the real-time system inputs to see if a metering problem exists, a schedule is incorrectly entered into the AGC, or the frequency indication is erroneous.  
From an Interconnection viewpoint, Inadvertent accumulations over a given time period (e.g., several months) can be compared to average frequency deviation.  The comparison may indicate the Control Area(s) responsible for sustained high or low frequency over the period.  E.g., if frequency has been running high during the period, Control Areas with increasingly positive Inadvertent accumulations may be suspect as to having caused the high frequency.  
Tracking Mechanism for Accumulations
Since Inadvertent always sums to zero for an Interconnection, every MWh of positive Inadvertent held by one Control Area is balanced with a MWh of negative Inadvertent held by another.  Therefore, a Control Area holding an inordinate accumulation forces other Control Areas to hold a collective amount in the opposite direction.  
Control Areas should track their accumulations of Inadvertent Interchange to discern if they have an EMS or other chronic problem that may result in control actions adverse to Interconnection frequency.   
Reasonable [Time] Limit for Settling Accumulations

While NERC Policy 1F encourages Control Areas to “be diligent in reducing accumulated Inadvertent balances”.  It does not indicate the time period that these reductions must occur in.  Is it acceptable to hold accumulated Inadvertent balances for years?    
As stated earlier, Inadvertent Interchange is the difference between a Control Areas Net Actual Interchange and Net Scheduled Interchange each hour.  It includes moment-to-moment control action to continuously support frequency and adjust its real-time generation-to-load balance (Net Actual interchange) with its intent to import/export energy to meet its contractual obligations (Net Scheduled Interchange).  The resulting “Inadvertent Interchange” at the end of the hour is owed to or from other Control Areas in the Interconnection.  NERC Operating Policies (Policy 1, “Generation Control and Performance”) require that Control Areas settle within the Interconnection for this imbalance; generally, with energy (“in-kind”) or, if permitted by the Interconnection, other means.  While NERC requires that Control Areas meet specific Control Performance Standards, there are no requirements as to how much Inadvertent Interchange can be accumulated or when it must be settled.  

ATTACHMENT 1

Organization Standard Principles

The Inadvertent Interchange principles, methodologies, and proposed standards must comply with the requirements of the NERC Organization Standards.

Reliability Principles

NERC Organization Standards are based on certain Reliability Principles that define the foundation of reliability for North American bulk electric systems. Each Organization Standard shall enable or support one or more of the following Reliability Principles, thereby ensuring that each standard serves a purpose in support of reliability of the North American bulk electric systems. Each Organization Standard shall also be consistent with all of these Reliability Principles, thereby ensuring that no standard undermines reliability through an unintended consequence.  

Reliability Principle 1 – Interconnected bulk electric systems shall be planned and operated in a coordinated manner to perform reliably under normal and prescribed abnormal conditions. 

Reliability Principle 2 – The frequency and voltage of interconnected bulk electric systems shall be controlled within defined limits through the balancing of real and reactive power supply and demand.

Reliability Principle 3 – Information necessary for the planning and operation of interconnected bulk electric systems shall be made available to those entities responsible for planning and operating the systems reliably.

Reliability Principle 4 – Plans for emergency operation and system restoration of interconnected bulk electric systems shall be developed, coordinated, maintained and implemented.

Reliability Principle 5 – Facilities for communication, monitoring, and control shall be provided, used, and maintained for the reliability of interconnected bulk electric systems.

Reliability Principle 6 – Personnel responsible for planning and operating interconnected bulk electric systems shall be trained, qualified, and have the responsibility and authority to implement actions.

Reliability Principle 7 – The security of the interconnected bulk electric systems shall be assessed, monitored, and maintained on a wide-area basis.

Market Interface Principles

Recognizing that bulk electric system reliability and electricity markets are inseparable and mutually interdependent, all Organization Standards shall be consistent with these Market Interface Principles. Consideration of these Market Interface Principles is intended to assure Organization Standards are written such that they achieve their reliability objective without causing undue restrictions or adverse impacts on competitive electricity markets.

Market Interface Principle 1 – The planning and operation of bulk electric systems shall recognize that reliability is an essential requirement of a robust North American economy.  

Market Interface Principle 2 – An Organization Standard shall not give any market participant an unfair competitive advantage. 

Market Interface Principle 3 – An Organization Standard shall neither mandate nor prohibit any specific market structure. 

Market Interface Principle 4 – An Organization Standard shall not preclude market solutions to achieving compliance with that standard. 

Market Interface Principle 5 – An Organization Standard shall not require the public disclosure of commercially sensitive information. All market participants shall have equal opportunity to access commercially non-sensitive information that is required for compliance with reliability standards. 

Inadvertent Interchange Principles

Inadvertent Principle 1 – Inadvertent Interchange across an Interconnection always equals zero (the system’s energy is necessarily balanced regardless of frequency control and the overall health of the Interconnection).

Inadvertent Principle 2 – Inadvertent Interchange is sometimes the symptom of a reliability problem.  Inadvertent resulting from “bad” control is the cause and inadvertent resulting from “good” control is the response.”

Inadvertent Principle 3 – Inadvertent Interchange is unavoidable for the reliable operation of an Interconnected system. 

Inadvertent Principle 4 – The Inadvertent methodology must equitably share the benefits of Inadvertent Interchange among all participants, satisfying the comparability requirement.

Inadvertent Principle 5 – When Inadvertent Interchange is accumulated and paid back (unilaterally) in kind the Inadvertent Balance should be “bounded” by a limit consistent with economic operation of the system without compromising reliability.

Inadvertent Principle 6 – Inadvertent Interchange Standard must adhere to Reliability and Market Interface Principles.  
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