SCE’s Distribution Loss Factor Methodology





1.  Introduction


This report was prepared as a result of the initial meeting of the Distribution Loss Factor Working Group (DLFWG) held on March 25, 1998.  The parties at the meeting agreed that a more thorough understanding of the UDCs’ current DLF methodologies was required before the DLFWG could recommend whether revisions to the existing DLF methodologies should be made for 1999.  The main part of this report contains a detailed description of Edison’s Loss Allocation Study and Edison’s current hourly DLF methodology, and addresses the feasibility of separating engineering line losses from other system losses.  In addition, the role of the DLFWG with respect to the other direct access implementation working groups is discussed, and additional DLF-related issues are identified for further analysis by the DLFWG.





A.  Report Background


As described in the Distribution Loss Factors Supplement To The July 25, 1997 Workshop Report On Retail Settlement And Information Flows, the uses of DLFs include:





adjusting end-use meter data up to a grid level measure for PX participant and Scheduling Coordinator settlements with the PX and ISO;


the potential use of DLFs by Scheduling Coordinators to estimate and prepare balanced grid level generation and load schedules; and


the use of DLFs by UDCs to prepare average PX prices for billing and CTC calculation.





B.  Role Of DLFWG Relative To Other Working Groups


Inaccuracies in DLFs will be a source of unaccounted for energy (UFE) which occurs when the DLF adjusted end-use meter data for a particular time interval does not match the amount of electricity supplied to the grid (generation, net imports, and estimated transmission losses) for that time interval.  The UDCs are now using DLF equations that calculate hourly DLFs for each major service voltage level based on hourly system load forecasts.  The use of hourly DLFs should represent an improvement in accuracy compared with the time-of-use period averaged DLFs historically used in revenue allocation and rate design.  Nevertheless, DLF estimation error will still occur and may arise in two ways:  the DLFs may over- or underestimate distribution losses in a particular hour but be accurate over a longer time period, or the DLFs may systematically over- or underestimate distribution losses in most or all hours. 





Analysis of UFE may provide insight regarding the accuracy of the DLFs being used, but DLF errors are only one of several contributors to UFE, so it may not be possible to determine whether the observed UFE resulted from inaccurate DLFs or some other cause.  Other potential sources of UFE are the subjects of other working groups such as the Load Profiling Working Group and the Data Quality and Integrity Working Group (DQIWG).  Each of these working groups is working to minimize estimation or data quality errors in their respective areas.  In addition, the DQIWG has recently tasked itself with overseeing the analysis of UFE and the conclusions that the UDCs will present to the Commission in a preliminary UFE report to be filed in August and an updated report to be filed in November.  The DLFWG should be more narrowly focused on investigating cost effective improvements to the DLF methodologies in order to minimize DLF contributions to the overall level of UFE.





2.  Edison’s Loss Allocation Study


The primary purpose of Edison’s Loss Allocation Study is to develop loss multipliers, which when applied to the customers’ metered demand or energy consumption reflect the customers’ demand and energy consumption at the generation level.  


 


The Loss Allocation Study is generally performed every five to six years in order to capture any significant changes in Edison’s electric system that may affect the loss multipliers or loss factors.  Edison’s last study based on the 1991 system conditions was done in October 1992.  The Loss Allocation Study generally includes determination of losses due to the following system components on Edison’s electric grid: transmission lines (161 kV to 500 kV), subtransmission lines (55 kV to 115 kV), distribution primary and secondary circuits, generation step-up transformers, transmission transformers, distribution transformers, and distribution line and pad mount transformers.   





The losses for each component are calculated both on an annual energy basis and on a peak demand basis.  The system components’ losses are then normalized so that the sum total of the system components’ losses equal the overall actual system losses on Edison’s system.





The loss multipliers are determined for the following four major service levels: EHV system (500 kV), the Transmission system (230 kV), the Subtransmission system (below 230 kV and above 33 kV), and the Distribution system (33 kV and below).  The distribution system is further divided into two sub systems: distribution primary (2.4 kV to 33 kV) and distribution secondary (120/240 V).  Specific system components are assigned to each service level depending on the voltage level of the component.





These service levels, along with the assigned system components per service level are depicted in Figure 1 below.








�





A.  General Description of Data and Methodology


The following is a general description of the data and the methodology used to calculate the loss factors for the four different service levels.  


1)  Calculation of the Overall System Losses


Overall system losses are calculated by subtracting the total output of the system from the total input of the system.  In the case of energy, the total output is the energy sales for the year and the total input is the total energy transmitted (energy generated and/or delivered from neighboring systems) for the year.  For the peak demand losses, the output is the total peak day demand and the total input is the total demand transmitted at the time of system peak.





2)  Calculation of the System Component Losses                                                


The four major service levels detailed in Figure 1 include the following:





	a.	EHV (500 kV)


	b.	Transmission (below 500 kV and above 230 kV)


		c.	Subtransmission (below 230 kV and above 33 kV)


		d.	Distribution (33 kV and below)





The calculation of the losses for each system component in the different service levels is first calculated using loading and equipment data based on the year’s system conditions.  This includes performing power flow simulations for the EHV, Transmission, and Subtransmission Systems.





The Distribution service level is further divided into sub-systems:  Primary (33 kV to 2.4 kV) and Secondary (240 to 120 V).  The application of the distribution system loss multipliers requires this division.  Distribution customers are connected either to the Edison grid through primary or through secondary circuits.  With this division, the customers connected to the Primary are charged for losses only down to the high-side of the distribution line and padmount transformers.  Likewise, the customers served from the Secondary are charged for the losses through Edison system down to the secondary circuits (240 V and


120 V).





a)  Transmission Line Losses


The transmission and subtransmission peak line losses during the system peak day are obtained by computer simulation using the load flow program with line data, recorded load and generation data as inputs.   The corresponding annual energy losses for the EHV, Transmission and Subtransmission lines are then calculated by using the following equation:





Energy Losses = (Peak Losses) X (8760 Hours) X Loss Factor,





where Loss Factor�= 0.7 (Load Factor)2 + 0.3 (Load Factor)





b)  Transformer Losses 


The losses for transmission, distribution, and generator step-up transformers are calculated using the transformers’ no load (core loss) and load losses (copper loss) from manufacturers’ transformer test reports, total metered energy, recorded peak demand, and transformer nameplate ratings.  


		


Peak Losses  = NL + LL (P/T)2





Energy Losses  = (8760) [NL + LL(LS)(P/T)2]





Where:





NL = the transformer's no load losses


LL = the transformer's load losses


P  = the peak demand


T  = the nameplate rating of transformer


LF = the load factor 


LS = the loss factor 





c)  Distribution Pad Mount And Line Transformer Losses


Due to the large number of distribution line transformers and pad mount transformers, over 650,000 transformers in the Edison system, the energy and peak losses are calculated using the transformers’ utilization factors, which are defined as the ratios of the estimated peak loadings to the transformer nameplate ratings.  The formulas used are shown below:





Total Peak Losses  	= N (Ui2 X LLi + NLi)





Total Energy Losses  	= 8760 N (Ui2 X LLi X LSi +NLi)





Where:





N	= the total number of each type of transformer


Ui	= the utilization of each type of transformer	


	LLi	= the load losses per transformer


	NLi	= the no load losses per transformer


	LSi	= the loss factor per transformer 





d)  Distribution Line Losses


The Distribution Primary Circuit losses (33 kV to 2.4 kV) are calculated by analyzing typical circuit configurations.  The 2.4, 4, 4.8, 12, and 16 kV circuits consist of a main circuit carrying an average current and three circuits branching off the main circuit, each carrying equally one-third of the average current.  The 25 kV and 33 kV circuits consist of only one main circuit.





The total peak and energy losses for the primary circuits are calculated by multiplying the losses per equivalent circuit by the number of circuits for that voltage level, and then summing all the total losses on the circuits for each voltage level. 





Similarly, the Distribution Secondary Circuit (240 V to 120 V) losses are calculated assuming typical circuit configuration, conductor sizes, mileage, average current per circuit, and the number of circuits in the system.  The customers served from the secondary system are divided into two categories: residential and commercial. 





The residential customers are served from line transformers, rated at 10, 15, and 25 KVA.  The commercial customers are further separated into:  1) non-demand customers served from 10, 15 and 25 KVA transformers and 2) demand customers each served from 37.5, 50, 75, 150 or 167 KVA transformers. 





The total peak and energy losses for the secondary circuits are calculated by multiplying the total losses determined for the residential and commercial typical circuit configurations with the number of residential and commercial meters, respectively.





e)  Street Light Losses


Street lights are served either from distribution line transformers at 120 V in common with residential load or from 6.6 amps circuits served by street light constant current transformers.  It is assumed that street lights are on from 6:00 p.m. to 6:00 a.m. during the year.  Energy losses are calculated by multiplying the peak losses by the number of hours the lights are on during the year.





3)  Adjustment to System Component Losses


The peak day demand loss calculation for the system components are adjusted so that the total of the calculated system component's losses matches the actual overall Edison system demand losses.  Similarly, the energy loss calculation for the system components are also adjusted so that the total of the calculated system component's losses equal the actual overall Edison system energy losses.





The loss adjustment is normally made to the following distribution system components, since the loss calculation included using typical circuit configurations and utilization of components:  distribution transformers, pad mount and distribution line transformers, primary circuits, and secondary circuits. 





The following method is used to make the necessary adjustments:





	Percent Adjustment    =  	Total amount to be adjusted


					Total losses of sections to be adjusted





An additional adjustment is made to the energy losses using a five-year average of the overall system energy losses.  This is to compensate for years with abnormal loadings (i.e., heat waves, economic recession, etc.). 


4)  Calculation of System Loss Multipliers


	Loss multipliers are calculated based on the following formula:





� EMBED Equation.2  ���		





Where, input represents the energy or power, generated or transmitted at each service level.





3.  Edison’s Hourly DLF Methodology


The methodology used in Edison’s Loss Allocation Study, as described in detail above, relied on the use of computer load flow models, typical line configurations, available equipment data, and recorded loading data to calculate peak and annual losses at the transmission, subtransmission, primary distribution, and secondary distribution levels.  The results and pertinent data from the 1992 Loss Allocation Study such as calculated peak losses, energy losses, recorded peak demand, transformer core losses, and system load shape were used to derive an equation for each of the three service voltage levels that will estimate hourly system losses for any level of hourly load.


Edison models hourly system losses as three components:  1) resistance line losses, which vary with the square of load; 2) core transformer losses, which are a function of transformer inventories and are constant with respect to load; and 3) “other” losses, assumed to be a linear function of load (constant percentage).


These other losses reflect historic levels of unmeasured usage, such as energy theft and meter error, as well as the error associated with estimating the first two terms in the equation.  Mathematically, for each hour i:


	� EMBED Equation.2  ��� 	


where C represents total transformer core losses, R ( Loadi2 represents resistance line losses, and A ( Loadi represents other losses including errors associated with estimating the first two terms.


The objective of Edison’s DLF methodology is to develop a system loss equation that calculates the hourly system losses such that the total estimated energy losses equal the actual annual energy losses from the 1992 Loss Allocation Study described in Section 2 of this report.  Based on the 1992 Loss Allocation Study, the load and losses at the time of system peak  and transformer core losses (� EMBED Equation.2  ���) are known.  The R and A are unknown parameters that must be estimated.   For an arbitrary value of A, R can be easily determined by algebraically solving the above loss equation for R.  Likewise, for a given value of R, A can be found by algebraically solving the loss equation for A.


For an assumed value of A (or R), R (or A) can be first determined knowing the peak losses, the peak load at the time of system peak, and C.   The hourly losses can then be calculated for the other 8759 hours in the year with the corresponding loads using the historical yearly load shape curve.  This process is repeated by varying the value of A or R, such that the percent annual energy losses estimated using the loss equation match the percent annual energy losses measured in the 1992 study.  


This iterative process is performed for each major voltage level.  The results are three separate loss equations with different constant coefficients (A, C, and R) for Edison’s Subtransmission, Distribution Primary, and Distribution Secondary Systems.    


The second term of the equation assumes that resistance on the system is constant throughout the year.  In reality, load and generation patterns vary throughout the year, so resistance of the system, the R value, also varies.  Therefore, the value of A includes the effects of errors in estimating R in addition to historic levels of energy theft, meter error, and other unmeasured usage.


Losses can also be expressed as a percentage of load by dividing each term by load:


	� EMBED Equation.2  ��� 	


The resulting equations are shown below:


Service voltages greater than 50 kv:


� EMBED Equation.2  ���


Service voltages between 2 kv and 50 kv:


� EMBED Equation.2  ���


Service voltages below 2 kv:


� EMBED Equation.2  ���


Hourly percentage loss factors at different voltage levels can readily be calculated by inputting hourly MW load forecasts or actuals into the equations.





4.  Feasibility of Separating Other Losses from Total System Losses


As mentioned above, Edison’s total system losses are comprised of engineering line losses and other losses which includes, but is not limited to, energy theft, metering errors, and errors in estimating engineering line losses.  Edison recognizes that the calculation of distribution transformer and line losses were largely approximated assuming “typical” line configurations, due to the following reasons:





Large numbers of equipment connected at the distribution level (i.e. line and pad mount transformers, primary and secondary circuits) are involved.   There are more than 4,000 primary distribution circuits (33 kV to 2.4 kV) totaling approximately 54,000 circuit miles, approximately 70,000 circuit miles of secondary circuit, and 650,000 distribution overhead and pad mount transformers.


 


Recorded data on such equipment (i.e. hourly loading, peak loading, etc.) needed for the accurate loss calculations are not available.





A high level of staffing would be required to collect the data and to perform necessary loss calculations.





Because of the errors in estimating distribution transformer and line losses due to the reasons stated above, it is reasonable that any loss adjustments required to reconcile the calculated total system losses and the measured system losses should be made to the transformer and line losses at the distribution level.  Therefore, in order to successfully separate the other losses from the total system losses, it would be necessary to accurately calculate engineering line losses for the Edison distribution system.  Actual loading data on every distribution circuit and transformer on the system would be needed.  This means that the installation of metering devices and related equipment would be required to record and store loading data of approximately 4,000 circuit feeders and 650,000 distribution transformers.  In addition, additional staff would be needed to retrieve and analyze the much larger volume of data than what is already required using the currently available data.  Such a level of expenditure on metering and human resources to achieve marginal improvements in the accuracy of DLFs is not warranted.





5.  Benefits of Separating Other Losses from Total System Losses


The other losses can be separated from the total system losses with the improvement of the engineering line loss calculation for the Edison distribution system, which would require the installation of metering/monitoring equipment at the distribution level on a system wide basis.  However, the benefits of separating these components are unclear.  By including the other losses in the DLFs, these losses are allocated in proportion to loads.  If these losses are excluded from the DLFs, these losses will become UFE which the ISO allocates to Scheduling Coordinators in proportion to loads.  The primary difference appears to be in the timing of payments for these losses.  If included in DLFs, the other losses can be accounted for in the forward markets, while, if excluded, the settlement for other losses does not occur until approximately two months later.


 


6.  Other Issues


A.  Distribution Loss Credits For Generators


Generators connected at distribution voltages are provided access to the grid under FERC jurisdictional tariffs (Wholesale Distribution Access Tariff) and service agreements.  Edison’s service agreements filed with FERC in March of 1998 include distribution loss credits for distribution connected generators. These loss credits were set equal to the annual average energy losses for the relevant part of the system (>50 KV and <50 KV) from the same 1992 distribution loss allocation study that was used to develop the hourly DLFs applicable to loads.  Because generator sales into the grid are wholesale transactions, the issue of whether to provide these loss credits to generators is a matter for FERC to decide, but the outcome should be reflected in the DLFs applicable to loads.  When Edison’s current DLF equations were developed in August of 1997, provision of loss credits to distribution connected generators was not anticipated, and the benefit of reduced losses due to distribution connected generators was reflected in lower DLFs.    While the impact is not expected to be significant, the DLFs used for 1999 should be calculated in a way that is consistent with FERC’s eventual decision on this issue.





B.  Forecast vs. Actual System Loads


The UDCs current use of forecast system loads rather than actual system loads in their respective DLF equations create an additional source of DLF estimation error.  The  UDCs agreed to calculate DLFs during 1998 based on their own system load forecasts and make the DLFs available to scheduling coordinators for their potential use in developing balanced supply and demand schedules.  In the RSIF sub-committee meetings held during July and August of 1997, the parties considered providing a set of DLFs based on forecast system loads for use in scheduling and development of the UDCs’ average PX energy prices for billing and CTC calculations and another set of DLFs based on actual loads for use during settlement.  The majority of parties felt that the added complexity associated with using two sets of DLFs outweighed the increased accuracy.





According to the methodology adopted in D.97-08-056, the UDCs’ average PX energy price for billing and CTC calculations is calculated on an ex post basis, so day ahead forecasts of DLFs are not required for this calculation.  The only need for day ahead DLFs is for use in scheduling with the PX and ISO.  The DLFWG should evaluate whether 1999 DLFs for use in settlement and calculation of the average PX energy price should be based on actual rather than forecast system loads.  By 1999 market participants should have sufficient experience to schedule based on their own system load forecasts, and the UDCs could discontinue providing day ahead DLFs to market participants based on the UDCs’ system load forecasts.
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