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OVERVIEW

The visibility and importance of the impact of Unaccounted For Energy (UFE) in the new market has increased due to the presence of new complex processes and procedures, sophisticated metering/data communications systems, and the number of market participants involved.  The application of Distribution Loss Factors (DLFs) to end-use distribution level meter data for settlement purposes is one of these new processes.  Hence, the estimation and utilization of DLFs is integral to the new electric market.

Formerly, UFE was attributed to meter error, theft, transmission losses, and distribution losses.  In the new market, the allocation of transmission and distribution losses is accomplished through the implementation of DLFs and Generation Meter Multipliers (GMMs).  With the addition of Load Profiles to end-use meter data, UFE is now an ISO-calculated quantity attributed to:

errors in DLFs;

errors in ISO transmission system loss modeling (i.e., GMM errors);

errors in load profiles (LPs);

metering errors; and

theft (intentional or unintentional errors in the meter data reported to the ISO).

Minimizing the amount and financial impact of UFE requires the development of sound methodologies for estimating DLFs and load profiles (LPs), accurate system modeling by the ISO, as well as implementation of appropriate monitoring and enforcement procedures to ensure compliance with market rules.  These issues were identified in the CPUC Workshop on Retail Settlements and Information Flows (RSIF).  As a result, several working groups were initiated to address new market issues including various UFE components and their linkages.  They include:

the DLF Working Group (DLFWG), formed to further develop accurate DLF methodologies and utilization; 

the LP Working Group, charged with development of accurate LP methodologies and utilization; and

the Data Quality and Integrity Working Group (DQIWG) focused on monitoring and oversight procedures as well as the reduction and monitoring of UFE.

Because DLFs, Load Profiles, and accurate reporting of meter data are implicit to UFE, these working groups should work closely together to reduce the contributing factors to UFE.  The ISO should also proceed with further development of accurate methodologies to estimate the transmission system-related components of UFE as well as the fair allocation of UFE to market participants.

This report is provided to the DLFWG as a further step in identifying the issues involved in the development of DLFs.  Below is a brief background of the DLFWG.  It is followed by a description of PG&E’s interim 1998 DLFs, as well as a discussion of issues related to development of DLFs for 1999.

Approaches to these issues, however, are dependent on the CPUC and other key DLFWG players’ perspective on the driving principles behind enhancement of the interim methodologies.  These principles include but are not limited to:

consistency across the UDCs in terms of DLF posting formats and frequency;

consistency across the UDCs in terms of DLF methodology and data collection techniques;

simplicity in terms of market place implementation;

management of costs associated with deriving DLF estimates; and

development of loss factors for generation connected to the distribution system. 

Further defining these principles should be among the first DLFWG deliverables.

BACKGROUND

On August 20, 1997, Pacific Gas and Electric Company (PG&E), Southern California Edison, and San Diego Gas and Electric, filed a supplement to the July 25, 1997 “Workshop Report on Retail Settlements and Information Flows (RSIF)”.  The supplement specifically dealt with distribution loss factors (DLFs) relative to their definition, calculation, structure and format, as well as communication to the market place.�  In the new market, the ISO and PX have mandated the use of DLFs to adjust end-use meter data up to a grid level estimate (for submittal to the ISO by PX participants and Scheduling Coordinators).

On October 15, 1997, PG&E filed the DLF methodology it will use to provide hourly, dynamic, system load based, DLFs to market entities for 1998.  That filing provided DLFs, by primary and secondary distribution voltage level, for a range of PG&E UDC distribution system loads.  The filing also introduced the issue of loss factors for generation located on the distribution system supplying “in energy” to the market, which was not addressed in previous workshops or filings.

On December 16, 1997, the CPUC issued their decision on the RSIF Workshop Report and ordered the formation of the DLF Working Group to look into how the DLF methodologies could be improved.  The DLFWG is also to file a report within 240 days with recommendations as to what DLF methodologies should be used beginning January 1, 1999.

On January 28, 1998, PG&E filed Advice Letter 1692-E-D, which among other things, revised the table of DLFs presented in the October 15, 1997 filing.  The DLF table was updated to reflect an input of distribution load conditions at the transmission and distribution (T/D) interface (rather than aggregated end-use meter data as used initially) and to extend the DLF look-up table to 17,000 MW.  The methodology to calculate the DLFs remained unchanged. 

On March 25, 1998, the DLFWG met in response to the December 16, 1997 RSIF decision to begin work on developing 1999 DLF methodologies.  The DLFWG agreed that the UDCs should prepare a methodological description of their respective 1998 interim DLF filings and a description of cost concerns regarding implementing changes to these interim methodologies by April 24, 1998.  The UDCs agreed to review these reports and post a cross comparison of the methodologies addressing cost, issues regarding UFE allocation, and implementation considerations by May 15, 1998.  The group decided to reconvene on June 4, 1998 to discuss the issues raised in the May 15 comparisons, develop a work plan for the DLFWG, and establish a time table to accomplish the development of DLFs for 1999.

PG&E’s 1998 INTERIM DLF METHODOLOGY

Below is a description of PG&E’s interim 1998 Distribution Loss Factor methodology.  The attached spreadsheets detail the various calculations and PG&E data sources utilized to formulate the DLF tables submitted for CPUC approval on October 15, 1997 and revised January 28, 1998.

General

As noted in the Company’s October 15, 1997 filing, the PG&E’s DLFs estimate distribution line losses only, thereby effectively excluding other UFE components.  The DLFs were derived as follows:

For PG&E, the transmission/UDC interface is the point at which voltage is reduced below 60 kV for distribution over PG&E facilities to its distribution customers.  Distribution customers are served at less than 60 kV.  

Distribution losses are not estimated by use of a simulation model, as they are for transmission losses now being calculated by the Independent System Operator.  Rather, information about the characteristics of each type or component of the distribution system’s equipment (i.e., feeders, transformers, etc.), as well as estimated loading placed on that equipment, is used to estimate losses.  With the RSIF working group’s concurrence, PG&E’s distribution loss adjustment factors have been created for 100 MW increments of load and are averaged across the various conditions under which that load may be experienced (e.g., seasons, day of week, time, geography, etc.). The values derived are always greater than 1.0.

Loss adjustment factors are independently calculated for the four design levels of the distribution system: 1) substation transformers, 2) primary feeders, 3) line transformers, and 4) secondary circuits and services).  Loss adjustment factors for each level are multiplied to obtain estimated primary or secondary service level loss adjustment factors.  The general procedure for calculating energy losses for each level is to calculate the total annual energy losses based on load and loss data for each level, then allocate total annual losses to hourly loads based on the UDC system’s load curve.  Losses are allocated recognizing that some components of total losses vary with the load, while others do not.  

Primary Voltage Level Loss Factors

The primary voltage level loss adjustment factor (by 100 MW increments) is the product of substation transformer loss adjustment factors and feeder loss adjustment factors.  Substation losses are developed by aggregating the losses experienced in substation transformers; they include iron core losses (i.e., no-load losses) and load loss estimates.

Feeder losses were calculated for each 100 MW increment of load in the annual UDC system load curve.  This feeder loss calculation method is consistent with that adopted for PG&E in prior regulatory filings.

Secondary Voltage Level Loss Factors

Two additional loss adjustment factors are multiplied by the primary loss factor to come up with the total secondary loss factor: a) losses on secondary circuits and services as well as b) losses on line transformers.  The secondary circuit, service, and line transformer values were derived using system average estimates.  This methodology is consistent with that adopted for PG&E in prior regulatory filings.

Data Used in the DLF Calculations

A series of calculation spreadsheets were developed in order to compile and manipulate all the necessary data indicated above from a variety of PG&E data sources.  The spreadsheets are not being provided due to the sensitive and confidential nature of much of the embedded data which drive the numbers.  However, PG&E is providing a summary spreadsheet [dlfdocnt 4 24 98.xls] which delineates all appropriate back-up source documentation citations as well as arithmetic derivations.

COST CONCERNS RELATED TO 1999 DLF IMPLEMENTATION 

Alternative Methodologies

PG&E has preliminarily evaluated several options to improve the DLF methodology for 1999.  These include improvements to the Company’s existing methodology, developing a new methodology and supportive database(s), as well as options that would allocate some level of ISO-calculated UFE into DLFs published for the market.  Excluding metering costs, these efforts are expected to require one to two man-years to implement.  PG&E will elaborate on these options and estimated costs in the “Cross Comparison” report due to the DLFWG on May 15, 1998.

Metering Concerns

One way to improve the accuracy of PG&E’s DLFs would be to accurately meter total energy delivered to the T/D interface points between the transmission and distribution systems, i.e., total deliveries to the high side of distribution substations.  This would allow a better comparison of estimated DLFs to the actual losses between the T/D interfaces and the end-use meters.  Edison’s DLFs appear to based in part on such data.  PG&E however, does not currently have metering at each of its substations adequate to implement such an approach.  There are a number of possible alternative methods to install such metering.

The most accurate (and highest cost) method would be to install revenue quality potential transformers (PT’s) on each phase of each transmission feed, revenue quality current transformers (CT’s) on the high side of each bank, and a 3 phase revenue quality watt meter for each bank.  The lowest cost (and poorest accuracy) method would be to make use of existing metering and instrument transformers, even where it is below revenue quality, and add single phase metering to the low side of each bank where no metering currently exists.  There are many possible approaches between these two extremes.

The great majority of existing substation metering does not provide the accuracy of revenue metering.  Most such metering was installed for protection and relaying, and the instrument transformers are “relay grade”.  These PT’s and CT’s have an accuracy of only about ( 2 to 3 % at best (as opposed to the ( .3 % requirement for revenue grade).  Further, they are usually installed for overcurrent protection; the CT’s are sized for fault current, not normal load current.  As a result, normal operating loads may fall below the most accurate portion of the CT’s range, causing much larger errors.  In summary, using such metering would introduce a relatively large metering error.

The lowest cost method which avoids the above problem would be to install revenue quality metering on the low side of every bank, and model each bank’s copper and iron losses to calculate high side deliveries.  This would require 3 phase revenue grade PT’s and CT’s and a revenue meter for each of approximately 1300 transformer banks.  Very roughly, this would cost in excess of $10 million dollars. 



�PG&E DISTRIBUTION LOSS FACTOR DOCUMENTATION FOR OCTOBER 15, 1997 FILING







Column�Column Contents ��Descriptive Source Notation�������SERVICE TRANSFORMERS:  File "SVCTFRLF.XLS" - calculates the annual losses associated with all service transformers (both conventional and network).�������CONVENTIONAL TRANSFORMERS SHEET����������A�Transformer Size��D-EDSA Transformer inventory, kVA nameplate rating��B�Number of Transformers��D-EDSA Transformer inventory, count of transformers by nameplate rating��C�Summer KVA Loads��D-EDSA Transformer inventory, sum of summer maximum loads��D�Summer KVA per Transformer��C / B��E�Load per Transformer��D / A��F�KW/unit load loss��Average of nameplate data: unchanged from prior 1996 GRC filings��G�KW/unit no-load loss��Average of nameplate data: unchanged from prior 1996 GRC filings��H�Annual Load Factor��Value derived from prior GRC filings*Annual KWH per load duration curve (63,412,308,722)����� / total annual transformer loads based on prior load factors (49,536,914,847)��I�Load Responsibility Factor ��Table look-up value, unchanged from prior GRC filings ��J�Loss Responsibility Factor��I * I��K�Total system KW load loss ��B * F * E^2��L�Coincident system KW load loss��K * J��M�Annual KWh load loss��K * 8760 * (0.3 * H + 0.7 * H^2)��N�Total system KW no-load loss��B * G��O�Annual KWh no-load loss��N * 8760��P�Coincident system KW peak [.85 pf]��C * I * .85��Q�Annual KWh load��C * H * 8760 * 0.85�������NETWORK TRANSFORMERS SHEET����������A�Transformer size��D-EDSA Transformer loading files, Summer '97��B�Number of Transformers��D-EDSA Transformer loading files, Summer '97��C�Summer KVA Loads��A * B * E��D�Summer KVA per Transformer��C / B��E�Per Transformer load��SFDivision input indicating network peak 422MW / total nameplate 909 MW = .46��F�KW/unit load loss��Same value as for conventional transformer  see above��G�KW/unit no-load loss��Same value as for conventional transformer��H�Annual Load Factor��Same value as for conventional transformer��I�Load Responsibility Factor��Same value as for conventional transformer��J�Loss Responsibility Factor��I * I��K�Total system KW load loss��B * F * E^2��L�Coincident system KW load loss��K * J��M�Annual KWh load loss��K * 8760 * (0.3 * H + 0.7 * H^2)��N�Total system KW no-load loss��B * G��O�Annual KWh no-load loss��N * 8760��P�Coincident system KW peak (.85 pf)��C * I * .85��Q�Annual KWh load  ��C * H * 8760 * 0.85�������SECONDARY LAF (tfrs., sec., svc., excl. pri.) BY LOAD: File "SORTED.XLS" - calculates the annual losses assoc. w/ all secondary��������conductor and services, plus all service transformers.�������A�Hour��Rank 8760 hours; Hour 1 = peak load, 8760 = minimum load, secondary- voltage customers only��B�Hourly KW load��Actual loads from a load-profile-metered semi-random stratified sample, scaled up to metered usage (1995 data)��C�Annual transformer load losses��From service transformer sheet, column M ��D�Loss factor��B^2 / sum(B^2)��E�Hourly load loss in KWh��C * D��F�Hourly transformer no-load losses��From service transformer sheet total of column O / 8760��G�Total service transformation loss (%)��(E + F) / B��H�Total service transformation LAF ��1 / (1 - G)��I�Hourly secondary and service transformation loss in KWh��Total annual secondary & service losses: (1,379,604,616) * (B^2 / sum(B^2))����� Total losses=sum(load [Formula22.xls col B]*tou seclaf [Formula22.xls col E]). Used 96 GRC TOU load duration factors.��J�Hourly secondary and service transformation loss (%) ��I / B��K�Secondary and service transformation LAF��1 / (1 - J)��L�Secondary transformation LAF ��H * K��Q�Secondary transformation LAF per 100 MW increments��For each 100 MW, average of LAF's with loads in that range�������SUBSTATION TRANSFORMERS: File "SUBTFRS.XLS" - calculates the annual losses associated with all substation transformers.����������A�Number of Transformers by Type��Substation Asset Management data base (All_txs.xls); sorted by active transformer types��B�Number of Phases��Substation Asset Management data base (All_txs.xls)��C�Transformer Rating #1��Substation Asset Management data base (All_txs.xls)��D�Total Kva of Transformer Type ��A * C��E�Copper Loss (%) of each Transformer Type��Substation Asset Management data base (All_txs.xls)��F�Iron Loss (%) of each Transformer Type ��Substation Asset Management data base (All_txs.xls)��G�Per unit load at peak ��Peak load from duration curve 13,183,597 / Total nameplate 16,435,928��H�Annual load factor��Engineering judgement per EPSAS resources��I�KW load loss at peak��E * D * G * G ��J�Annual KWh load loss��I * 8760 * (0.3 * H + 0.7 * H^2)��K�Total system KW no-load loss��F * D ��L�Annual KWh no-load loss��8760 * K�������PRIMARY LOSSES: File "PRIFDRLF.XLS" - calculates the annual losses associated with all primary conductor and equipment��������(including substation transformers but excluding service transformers and secondary equipment).�������B�Planning Area��Rates' Area Costing data base: DPA capacity and energy losses attributable to feeders��C�Number of Circuits��Rates' Area Costing data base: Number of circuits system-wide��D�DPA Peak Load in KW��Rates' Area Costing data base: Calculated from sample loads��E�DPA Losses at Peak Load��Rates' Area Costing data base: losses calculated per 93 GRC specs��F�DPA feeder losses (%)��E / D��G�Peak load per circuit��D / C��H�Primary circuit LAF��1 / (1 - F)��I�Hour��Rank of 8760 hours; Hour 1 is the annual peak load, 8760 is the minimum annual load, primary-voltage customers only��J�Hourly KW load��Actual loads from a load-profile-metered semi-random stratified sample, scaled up to metered usage (1995 data)��K�Hourly Losses in KW��sum of column E*(hourly KW/sum of column D)^2��L�Hourly feeder losses (%)��K / J��M�Feeder LAF��1 / (1 - L)��N�Substation Transformer no load losses��Annual substation transformer no-load losses (from column L of file subtfrs.xls) / 8760��O�Loss factor��J^2/ (sum J^2)��P�Sub Tfr load losses��O * P5 (annual substation transformer load losses; from column J of file subtfrs.xls) ��Q�Sub Tfr losses (%)��(N + P) / J��R�Sub Tfr LAF��1 / (1 - Q)��S�Total Primary Transformation LAF��M * R��W�Primary Transformation LAF per 100 MW increments��For each 100 MW, average of LAF's with loads in that range�������



Table of loss adjustment factors as revised in January 28, 1998 filing are given below in the table below





�PG&E Distribution Loss Adjustment Factors



�Distribution Loss Factors

���Distribution Loss Factors

��UDC Load (100 mW increments)�

Primary�LF�

Secondary LF��UDC Load (100 mW increments)�

Primary�LF�

Secondary LF����������4300�N/A�N/A��7400�1.0170�1.0651��4400�N/A�N/A��7500�1.0172�1.0653��4500�N/A�N/A��7600�1.0173�1.0655��4600�1.0135�1.0659��7700�1.0175�1.0657��4700�1.0136�1.0655��7800�1.0176�1.0659��4800�1.0136�1.0651��7900�1.0178�1.0662��4900�1.0137�1.0649��8000�1.0179�1.0664��5000�1.0138�1.0646��8100�1.0181�1.0666��5100�1.0139�1.0644��8200�1.0182�1.0669��5200�1.0141�1.0642��8300�1.0184�1.0672��5300�1.0142�1.0640��8400�1.0186�1.0674��5400�1.0143�1.0639��8500�1.0187�1.0677��5500�1.0144�1.0638��8600�1.0189�1.0680��5600�1.0145�1.0637��8700�1.0190�1.0683��5700�1.0146�1.0636��8800�1.0192�1.0686��5800�1.0148�1.0636��8900�1.0193�1.0689��5900�1.0149�1.0635��9000�1.0195�1.0692��6000�1.0150�1.0635��9100�1.0197�1.0695��6100�1.0152�1.0635��9200�1.0198�1.0698��6200�1.0153�1.0636��9300�1.0200�1.0701��6300�1.0154�1.0636��9400�1.0202�1.0704��6400�1.0156�1.0637��9500�1.0203�1.0707��6500�1.0157�1.0638��9600�1.0205�1.0711��6600�1.0158�1.0639��9700�1.0206�1.0714��6700�1.0160�1.0640��9800�1.0208�1.0717��6800�1.0161�1.0641��9900�1.0210�1.0721��6900�1.0163�1.0642��10000�1.0211�1.0724��7000�1.0164�1.0644��10100�1.0213�1.0728��7100�1.0166�1.0645��10200�1.0215�1.0731��7200�1.0167�1.0647��10300�1.0216�1.0735��7300�1.0168�1.0649��10400�1.0218�1.0738��

�continued 



�Distribution Loss Factors���Distribution Loss Factors��UDC Load (100 mW increments)�

Primary�LF�

Secondary LF��UDC Load (100 mW increments)�

Primary�LF�

Secondary LF����������10500�1.0220�1.0742��13800�1.0275�1.0875��10600�1.0221�1.0746��13900�1.0277�1.0878��10700�1.0223�1.0749��14000�1.0278�1.0882��10800�1.0225�1.0753��14100�1.0280�1.0887��10900�1.0226�1.0757��14200�1.0281�1.0890��11000�1.0228�1.0761��14300�1.0283�1.0895��11100�1.0230�1.0764��14400�1.0286�1.0901��11200�1.0231�1.0768��14500�1.0287�1.0906��11300�1.0233�1.0772��14600�1.0289�1.0910��11400�1.0235�1.0776��14700�1.0291�1.0914��11500�1.0236�1.0780��14800�1.0293�1.0919��11600�1.0238�1.0784��14900�1.0294�1.0923��11700�1.0240�1.0788��15000�1.0296�1.0928��11800�1.0241�1.0792��15100�1.0298�1.0932��11900�1.0243�1.0796��15200�1.0300�1.0936��12000�1.0245�1.0800��15300�1.0301�1.0941��12100�1.0246�1.0803��15400�1.0303�1.0945��12200�1.0248�1.0807��15500�1.0305�1.0949��12300�1.0250�1.0811��15600�1.0306�1.0954��12400�1.0251�1.0816��15700�1.0308�1.0958��12500�1.0253�1.0820��15800�1.0310�1.0962��12600�1.0255�1.0823��15900�1.0312�1.0967��12700�1.0256�1.0827��16000�1.0313�1.0971��12800�1.0258�1.0831��16100�1.0315�1.0975��12900�1.0259�1.0835��16200�1.0317�1.0980��13000�1.0262�1.0841��16300�1.0318�1.0984��13100�1.0263�1.0844��16400�1.0320�1.0988��13200�1.0265�1.0848��16500�1.0322�1.0992��13300�1.0267�1.0853��16600�1.0323�1.0997��13400�1.0268�1.0857��16700�1.0325�1.1001��13500�1.0270�1.0861��16800�1.0327�1.1005��13600�1.0271�1.0865��16900�1.0329�1.1010��13700�1.0274�1.0870��17000�1.0330�1.1014��



� Distribution Loss Factors: Supplemental to the July 25, 1997 Workshop Report on Retail Settlement and Information Flows, filed August 20, 1997
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