Distribution Losses

Outline for Supplemental RSIF Report

Overview

The RSIF workshop report (dated July 25, 1997) identified four high priority areas where additional work is necessary for the new market structure to function properly.  Methods for estimating distribution losses was one of these high priority areas.  The purpose of this supplemental workshop report is to:

Define the components of distribution loss or

Emphasize the significance of Unaccounted For Energy (UFE)

Describe the various estimation methodologies used to determine total distribution loss

Describe an information flow process that also allows for potential improvements in methodology

Definition of Distribution Losses

Today, UDCs estimate total distribution loss (TDL) using engineering studies that estimate energy delivered into and taken out of the distribution system.  This concept is illustrated below:
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The components of TDL are:
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where, 
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Although the components of TDL are known, the exact amounts of each component (i.e., estimated distributed line loss and UFE) can not be quantified based on current methods of estimating TDL.

The definitions of estimated distribution line loss and the four components of UFE are described below:

Estimated Distribution Line Loss is the estimated loss of energy that results from the electrical resistance in distribution lines and losses in voltage transformation.

Errors In Estimated Distribution Line Loss is the difference between the actual distribution line loss and the Estimated Distribution Line Loss.

Metering error is the difference between the actual electric usage at the meter and the “observed” meter read plus any differences due to malfunctioning meters

Load profiling error is the difference between a customer’s actual usage for that hour and the calculated hourly usage using customer load profiles.

Energy theft is the deliberate, unauthorized, and unaccounted for use of energy.

  Significance of “Losses” issue in the New Market

UFE, DLFs and the ISO Tariff

The ISO Tariff defines Unaccounted For Energy (UFE) as the difference in energy, for each UDC service area and hour, between the net energy into the UDC service area, adjusted for UDC service area Transmission Losses, minus the total grid level adjusted metered demand within the UDC service area.  The ISO attributes this difference is to meter measurement errors, energy theft, statistical load profile errors, and distribution loss deviations.

All distribution end use meter data submitted to the ISO for settlement purposes is adjusted by DLFs to obtain an equivalent grid level measure.  The accuracy of the DLFs will affect the amount of Imbalance Energy allocated to Scheduling Coordinators.  DLFs may contain estimates for UFE components and depending on their accuracy, may reduce the amount of UFE calculated by the ISO.

The ISO will allocated UFE Imbalance Energy Costs to each Scheduling Coordinator based on the ratio of their metered demand within the UDC service area to total metered demand within the UDC service area.  The ISO includes each Scheduling Coordinator’s share of UFE in their Imbalance Energy charge.  To the extent possible, UFE associated with load profiling error will be allocated only to Scheduling Coordinator demand using statistical load profiles based on the ratio of their profiled metered demand within the UDC service area to the total profiled metered demand within the UDC service area.  UFE calculations and allocations are made by the ISO on a “best estimate basis” due to inherent measurement limitations of the transmission and distribution systems.

Other New Market Issues

The new market structure creates a potential for increases in UFE caused by increases in metering errors, energy theft, and load profiling errors.

UDC meter readers undergo extensive training prior to entering the field.  This training has resulted in minimizing metering errors.  Independent metering agents (IMA) can read meters in the new market.  Standards are being developed for IMAs.  Unless assurance is provided that IMAs are complying with the standards, there is a potential that errors will increase.

The new market environment may present greater opportunity for theft.  UDC meter readers are trained to detect suspected meter tampering and energy theft.  The existence of new IMAs could result in potentially less detection capability.  

Load profiling errors will occur as a result of implementing new, untested processes in the new market.  Although total energy use by load profiling customers is expected to be measured through reliable means, allocation of that total energy use to the individual hours of the day through load profiling will result in estimation errors that will result in balancing errors, the cost of which will be absorbed by all customers.

Increases in UFE harm all market participants, who in turn pay for any increases in losses through the allocation of those losses to all customer groups.  Inadequate market rules and enforcement mechanisms create the potential for increases in UFE losses.

As a result of the rate freeze, any increases in UFE would impact the UDCs’ ability to recover CTC, T&D, and other charges based on energy use.  If this happens, UDCs may need to request (from the CPUC) a special mechanism to recover increases in UFE so as to remain whole.

Improvements in distribution loss estimation methodologies will help to minimize UFE and may allow more equitable allocation of UFE among market participants.  Generally it is assumed that the Imbalance Energy price will be higher than the Scheduling Coordinator’s day-ahead price.

Monitoring and enforcement methods are also essential tools to protect the integrity of the entire market mechanism.  A comprehensive audit and enforcement program is necessary to ensure compliance with market rules and to limit the potential for increases in losses due to meter error or malfunction and energy theft.

If audit and enforcement procedures prove inadequate, other regulatory mechanisms will be necessary to ensure the confidence and commercial integrity of the new market.

Description of Estimation Methodology

In the Commission's ratesetting decision issued on August 1, 1997, the Commission directed the UDCs to implement hourly distribution line loss calculations.  The vehicle by which these calculations will be submitted to the Commission is not known at this time since the UDCs have not had an opportunity yet to analyze the decision.

Purpose

The UDCs expect that DLFs will potentially be used for two purposes by Scheduling Coordinators to: a]  estimate and prepare balanced generation and load schedules, and b] to adjust end-use meter data to derive an equivalent ISO controlled grid level measure for ISO settlement purposes.

Introduction

During the RSIF working group sessions held over the past few weeks, the UDCs supported the concept of developing an interim, implementable solution for providing DLFs for use as of January 1, 1998.  This interim solution could be utilized for up to one year while the parties studied enhancements to the various DLF calculation formulae currently under consideration.   These enhancements could then be incorporated into the calculation process and resultant information flow that is shared with the market place.

Based upon feedback obtained during RSIF sub-team working sessions, the sub-team reached consensus on the criteria that a selected DLF estimation methodology should meet.  The criteria included:

the calculation should be dynamic, in the sense of being based upon the ISO system forecast provided to the market place 24 to 48 hours in advance

the calculation should be based on estimating the hourly variance in DLFs, not assumed constant over TOU periods.

the calculation of hourly losses should be based on the projected hourly load plus known constants 

the calculation could be different for different  voltage levels [i.e., subtransmission as appropriate, primary and secondary]

each UDC could utilize different DLF calculation formula, as long as the output is provided in a consistent manner in terms of its structure [i.e., 24 hourly values for a given forecast day], and availability to the market place [i.e., posted to each UDC’s MDMA interface with appropriate access protection]

the loss estimates should ideally be based on engineering modeled distribution losses, but could be based on historical distribution losses plus UFE.  The estimates should be of distribution losses, but during the interim could be of distribution losses plus UFE.

In considering the DLF methodology options, the UDCs have explored two basic scenarios.  These can be characterized as; 

static, based upon historical DLF values as reported in regulatory filings by voltage level, season, and TOU period, 

dynamic, based upon applying DLF factors to the hourly UDC system load forecasts provided by the ISO.  

In the future, it may be possible to develop a more dynamic estimation of losses through modeling and simulation techniques which incorporates a broader set of contributing factors such as total system load.  The UDCs are prepared to work with other parties to help develop such techniques once more information is available.

Static Distribution Loss Factor (DLF) Methodology

The UDCs could  provide distribution energy loss factors applicable to each of the annual 8760 hours for 1998 by their appropriate service voltage levels: Primary at Substation, Primary, and Secondary.  These voltage levels are consistent with current UDC rate schedules.  The DLF  values could be based on the energy loss factors adopted in the respective UDCs most recent rate filings, and reflect seasonal and TOU period differentiation.  This approach would involve populating the cells of an hourly spreadsheet with the pre-established UDC DLF values and result in a “stepped” series of data.

This simplistic approach has several attributes: 

they are implicit in the current frozen rates; 

they are known, calculated, and approved by the Commission; 

they are in an easy to use format; and 

they will introduce less uncertainty into the settlement process.  

The UDCs recognize that this proposed interim 1998 DLF solution is a “static” approach, and that a “dynamic” approach, where a formula is applied to a forecast load, will provide a more accurate estimate of hourly losses.

Proposed Dynamic Load Duration Curve DLF Methodology

In order to comply with the attributes associated with a dynamic approach, the UDCs will explore pursuing the following dynamic DLF estimation methodology.  Construct an annualized hourly system load duration curve reflecting 8760 hourly loads.  The data will be drawn from a representative year of historical data and show hourly loads ranging from system peak to minimum loading.  From this data, the UDC will select a sample of hourly loads and model system DLFs for each sample hourly load level, using the same approach as has been approved in prior rate cases.  From these data points, system distribution loss factors can be interpolated for any forecasted hourly load.  This calculation can  be accomplished for each of the appropriate UDC service voltage levels.  The interpolated DLFs can then be applied to the hourly system load forecasts provided by the ISO as noted above.  This will result in dynamic daily tables of 24 hourly DLFs provided by voltage level to the agreed-to MDMA postings. 

The UDCs will develop and test the above methodology during August - September, 1997.  If the methodology proves reasonable, then the proposed DLF methodology will be tested in October, 1997. In the event the proposed methodology proves unworkable, then UDCs could revert to using the historically-derived voltage, seasonal, and TOU based DLFs noted above.  This “fall back” strategy could be utilized during the interim period [i.e., 1998] to allow the UDCs an opportunity to structure an improved approach.

Next Steps

The UDCs will reconvene prior to August 8 in order to explore building consensus on utilization of one of the above referenced dynamic options.  If none can be arrived at, then the UDCs will opt to pursue their respective DLF methodologies that may include the  “fall back” strategy of providing the “static” proposal as an interim 1998 

The UDCs further suggests that if a consensus DLF approach among the UDCs and other distribution companies is deemed necessary/desirable, that the UDCs sponsor a working group charged with benchmarking the various approaches in use nationally, and arriving at a consensus-based, implementable and improved DLF estimation methodology for implementation in January, 1999.

Distribution Loss Factor Data Information Flow

As stated in the Retail Settlement and Information Flow Workshop Report the UDCs are responsible for the generation of distribution loss factors (DLFs).  The following report suggests a method on how the UDCs can make this information available to those entities who need it (primarily ESPs).

Assumptions and Allowances

The following assumptions apply to this information flow section.  If any of the assumptions/allowances are invalid, no warranty is made on any suggestions listed in this information flow section that were based on the invalid assumptions/allowances. 

The protocols and procedures listed in this section make allowance for both a set of forecasted DLFs and a set of actual DLF (this implies that the DLFs will be dynamic).  This is the most extreme situation and if this allowance is not needed, for example, there are only set of DLFs based on forecasted data, the protocols and procedures will still be workable.

Assume that the data needed to determine the DLFs (allowing for both actual and forecast) will be available within the set time frames listed in this information flow section for which the DLFs are to be made available.

MDMA Protocols for Meter Data Dissemination -  A Starting Point

A possible starting point for the recommendation for the dissemination of DLFs is the examination of the protocols and procedures setup for the generic meter data management agent (MDMA).  It is important to evaluate these protocols and procedures.  

The MDMA protocols were developed through the MADAWG� process and have been included into the Meter Data and Communications Standards Workshop Report.  The MDMA performs the following minimal set of functions: collects meter data, validates, estimates and edits meter data, manages meter data (e.g., data storage), disseminates meter data, and ensures the security of the meter data.  Note that the application of distribution loss factors to metered data is not one of the minimal requirements, nor does this set of requirements prohibit this application from being performed at the MDMA level. 

In disseminating and ensuring the security of meter data, various protocols were established.  These protocols represent minimal requirements that must be established by the MDMA.  To summarize:

	Dissemination:

Meter data will be posted on a data server (logically directory based).

Authorized entities will dial-in to the server.

Data will be retrieved in file format.

The data transfer protocol will be HyperText Transfer Protocol on top of TCP/IP, with Secure Sockets Layer added for data security (encryption).

The transport medium will be the Internet (this actually makes the data server a Web server.)

	Security:

All parties accessing data must have an user id and password.

Only data authorized to an entity will be accessible by that entity.

Distribution Loss Factors Dissemination

It is recommended that the dissemination of DLFs follows in a similar manner the protocols and procedures setup for the generic MDMA.  There are reasons for this:

The UDC must already maintain a server for accessing meter data by ESPs. 

There are already a set of protocols and procedures set up for interfacing with this server.

A main utilization of the DLFs is the gross-up of the metered data (some of which may be residing on the server) to an equivalent grid level quantity.

All of the protocols and procedures used for the MDMA interfacing can be also used for the DLF dissemination.  However, based on the knowledge that the DLFs are not proprietary and are for public viewing, the security restrictions can be relaxed.  Also, if the ESP is communicating with the MDMA through another transfer medium besides the Internet, then the extraction of DLFs from the UDC MDMA should also be possible over this medium.

Figure 1 provides a data flow for the DLFs.  The system is an UDC MDMA system and a ESP system.  This diagram shows the access limited ESP mailboxes for the meter data access and the common/public area for the DLFs to reside.  The diagram also implies that the ESPs will extract both types of data, apply the DLFs to the meter data (if it applies), and send it off for ultimate settlement with the ISO.

Accessing the Distribution Loss Factors

Since HTTP is the transfer protocol and the system is logically a commercial Web server platform, general Web based services can be utilized to obtain the DLFs.  The data should be accessed through two methods:

An actual Web browser, such as the Internet Explorer or Netscape.

A command line driven program/script.  This will accommodate an automated process.

The server address (IP number) and any other relevant information must be provided to those needing access.

File Structure and Filenames

As stated earlier, allowing for two sets of DLFs (forecasted and actual) the proposed file structure convention is the following:

There will be separate files for forecasted DLFs and actual DLFs.

One day’s set of DLFs will reside in an individual file.

The filename will reflect the type of data (forecast vs. actual) and the date.

There will be two (one for actual, one for forecast) yearly files that hold all DLF data up to the current time.

The proposed filenaming convention is the following:



For the daily files, the names will be:



accyymmdd.dlf	This is the file name for the daily actual (not forecasted) DLFs.  The a stands for actual and the ccyymmdd stands for century, year, month and day.  An example would be  a19980305.dlf



fccyymmdd.dlf	This is the file name for the daily forecasted (not actual) DLFs.  The f stands for forecasted and the ccyymmdd stands for century, year, month and day.  An example would be  f19981215.dlf



For the yearly files, the names will be:



accyy.dlf	This is the file name for the yearly accumulated actual (not forecasted) DLFs.  The a stands for actual and the ccyy stands for century, year.  An example would be  a1999.dlf



fccyy.dlf	This the file name for the yearly accumulated forecasted (not actual) DLFs.  The f stands for forecasted and the ccyy stands for century, year.  An example would be  f1998.dlf



Timing and File Availability

The primary purpose of the forecasted DLFs is to provide guidance for forecasting/scheduling load.  Since forecasting/scheduling load must be performed the prior day of the trading day and at an early time of the day, the forecasted DLFs must be posted before this.  The suggestion is that the forecasted DLFs be posted before 3:00 AM the day prior to the trading day.  

The forecasted DLF file will be posted for a minimum period of 3 days.

The primary purpose of the actual DLFs is the application to the actual meter data.  The meter data does not need to be submitted to the ISO (PX) until 41 (38) days after the trading day.  Also, the actual DLFs will be dependent on the actual UDC system load.  The suggestion, based on these time frames is that the actual DLFs be posted before 37� days after the trading day.  

The actual DLF file must stay posted within a 42 day period beginning at the trading day.  For example, if the file is posted on the 36th day after the trading day, it must be posted for a minimum period of 7 days.  

The yearly accumulating DLF files will be posted for at least one more year.

Data Format

The format of the DLF file will be a sequence of ASCII text lines terminated with ASCII carriage return characters.  The file format will consist of 3 fixed format header lines and then immediately followed by the DLFs which are free format with individual fields comma delimited.

The 3 fixed format header lines are as follows:



	1.	UDC NAME	this is the name of the UDC for which these factors correspond.  For example, SCE.  The name must start in position 1 and this field must not exceed 50 characters.  A set standard UDC names must be agreed upon.

	2.	DATE	this is the date for which these factors correspond.  The format is CCYYMMDD.  The date must start in position 1.  For example, 19991003.

	1.	DLF TYPE	this is the type of DLF in this file.  The key word in this field is either ACTUAL or FORECAST.  The key word must start in position 1.  Only the first six characters will be recognized.  For example, FORECA.



The DLF data follows immediately after the header lines.  The format of the DLF data is free format, comma delimited with the line not exceeding 256 characters.  The general format is as follows:



hour,   primary substation voltage DLF,   primary voltage DLF,   secondary voltage DLF



The hour field will only have the integer values from 1, the hour from 12:00 AM to 1:00 AM, to 24, the hour from 11:00 PM to 12:00 AM.

The DLF values will be real numbers and will be in floating point notation.  If the UDC does not have one of the voltage level types listed, the field will be empty.  This would apply to PG&E which does not have primary substation voltage DLFs.  The DLF records will follow sequentially in terms of the hour field, i.e., 1, 2, … 24.

The format of the yearly accumulating DLFs files is basically the same except for two items.  The second header record will have the format CCYY and the hour field will have the integer values from 1 to 8760.  8760 = 365 (days in the year) * 24 (hours in the day).  These integer values represent the hours throughout the year.  The second header field will distinguish this file from a daily file.

The following is a partial example of a daily actual DLF file from PG&E for May 22nd, 1998.



PGAE

19980522

ACTUAL

1,, 1.041, 1.052

2,, 1.044, 1.049

.

.

.

24,, 1.033, 1.042



Other Items 

At this point it has been tentatively agreed that the DLFs will be differentiated by voltage level (range).  In order for the ESPs (assuming they are the ones doing this) to correctly apply the DLFs, the customer’s voltage level (range) must be known.  In the Direct Access Service Request (DASR) that will be made by ESPs to UDCs, this piece of information can be provided back to the ESPs.  

In the event that geography is introduced as a DLF attribute (possibly in subsequent iterations of the DLF methodology development), the following procedure may accommodate this new situation.  In the DASR, provide the ESP with the customer’s load point�.  Files can be provided (in the same way the DLFs are) to show the mapping from load points to corresponding standard geographical areas/locations (e.g., planning area).  Other files can then hold mappings that provide the DLFs associated with standard geographical areas/locations.  Load points are also needed for end-use customers who want to participate in the ISO’s non-spinning reserve ancillary service market and in congestion management.

It was also mentioned that the ISO should publish on their Web page links to the UDC MDMA Web servers.  This would accommodate the dissemination of the DLFs.  However, at this time it is unclear if the ISO will permit this.  

�



�



Figure 1  The flow of DLFs from the UDC MDMA







� Meter And Data Access Working Group

� This is under the assumption that any data that is to be used in the determination of the actual DLF is available at this time.

� The load point is primarily the T/D substation which feeds the customer.
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